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THE  NORTH  OP  ENGLAND  INSTITUTE 


MINING  AND  MECHANICAL  ENGINEERS. 


ANNUAL  GENERAL  MEETING, 

Held  in  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 

August  2nd,  1913. 


Mr.  JOHN  SIMPsON,  Vice-President,  in  the  Chair. 


ELECTION"  OF  OFFICERS,  1913-1914. 

The  Chairman  (Mr.  John  Simpson)  appointed  Messrs.  John 
Kirsopp,  Jim.,  and  N.  B.  Ridley  as  Scrutineers  of  the  balloting- 
papers  for  the  election  of  officers  for  the  year  1913-1914. 

The  Scrutineers  afterwards  reported  the  result  of  the  ballot, 
as  follows :  — 

President  : 
Mr.  W.  C.  Blackett. 

Vice-Presidents  : 
I  Mr.  T.  Y.  Greener. 
'     Mr.  Samuel  Hare. 


Mr.  J.  B.  Atkinson. 
Mr.  Frank  Coulson. 

Mr.  R.  S.  Anderson. 
Mr.  Henry  Armstrong. 
Mr.  R.  W.  Berkley. 
Mr.  C.  S.  Carnes. 
Mr.  W.  Cochran  Carr. 
Mr.  Benjamin  Dodd. 


Councillors  : 
Mr.  Mark  Ford. 
Mr.  J.  H.  B.  Forster. 
Mr.  A.  M.  Hedley. 
Mr.  A.  C.  Kayll. 
Prof.  Henry  Louis. 
Mr.  John  Morison. 


Mr.  T.  E.  Jobling. 
Mr.  John  Simpson. 

Mr.  W.  C.  Mountain. 
Mr.  A.  D.  Nicholson. 
Mr.  C.  B.  Palmer. 
Mr.  Simon  Tate. 
Mr.  R.  L.  Weeks. 
Mr.  E.  Seymour  Wood. 


The  Secretary  read  the  minutes  of  the  last  General 
Meeting,  and  reported  the  proceedings  of  the  Council  at  their 
meetings  on  July  19th  and  that  day,  and  of  the  Council  of  The 
Institution  of  Mining  Engineers  on  June  5th. 


The  Annual  Report  of  the  Council  was  read,  as  follows  :  — 
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2  ANNUAL    REPORT    OF    THE    COUNCIL. 

ANNUAL  REPORT  OF  THE  COUNCIL,  1912-1913. 

The  Institute  has  sustained  great  loss  through  the  death  of 
Mr.  Thomas  Bell,  an  Honorary  Member  since  the  year  1888,  and 
of  Mr.  William  Henry  Ramsay,  whose  sudden  death  occurred 
while  experimenting  with  rescue-apparatus  in  an  old  drift  at 
Benwell  Colliery. 

The   following   table   shows   the  membership    during    recent 


years  :  — 

Year  ending  August  1st. 

1906. 

1907. 

1908. 

1909. 

1910. 

1911. 

1912.        1913. 

Honorary  members 

25 

21 

21 

22 

26 

27 

24         23 

Members 

931 

903 

942 

935 

926 

921 

893      874 

Associate  members 

114 

108 

105 

103 

106 

107 

101       100 

Associates    ... 

190 

194 

209 

210 

214 

209 

204      205 

Students 

56 

47 

48 

54 

54 

43 

43         38 

Subscribers 

33 

34 

33 

34 

35 

35 

33        33 

Totals 

1,349 

1,307 

1,358 

1,358 

1,361 

1 ,342 

1,298  1,273 

The  third  successive  decrease  in  the  membership  is  to  be 
regretted,  and  is  again  due  to  an  exceptional  number  of  deaths 
and  resignations.  The  additions  to  the  register  number  66,  and 
the  losses  by  death,  resignation,  etc.,  91. 

Mr.  Thomas  Douglas,  as  the  only  surviving  original  Member 
of  the  Institute,  and  Mr.  John  Boland  Atkinson,  late  H.  M. 
Inspector  of  Mines  in  Charge  of  the  Newcastle  district,  have  been 
elected  Life  Honorary  Members,  and  Mr.  John  Robert  Robinson 
Wilson  an  Honorary  Member  during  his  term  of  office  as  H.M. 
Inspector  of  Mines  in  Charge  of  an  inspection  district. 

The  Library  has  been  maintained  in  an  efficient  condition 
during  the  year;  the  additions,  by  donation,  exchange,  and  pur- 
chase, include  532  bound  volumes  and  48  pamphlets,  reports, 
etc. ;  and  the  Library  now  contains  about  14,131  volumes  and 
491  unbound  pamphlets.  A  card-catalogue  of  the  books,  etc., 
contained  in  the  Library  renders  them  easily  available  for 
reference. 

Exchanges  of  Transactions  have  been  arranged,  during  the 
year,  with  the  Cleveland  Engineering  Society,  the  Northern 
Engineering  Institute  of  New  South  Wales,  and  the  Tohoku 
[mperial  University,  Sendai,  Japan. 

The  gallery  of  portraits  has  been  added  to  during  the  year, 
a  portrait  of  the  late  Mr.  John  Job  Atkinson  having  been 
obtained. 
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The  courses  of  lectures  for  colliery  engineers,  enginewrighis. 
and  apprentice  mechanics  have  been  continued  at  Armstrong 
College,  Newcastle-upon-Tyne.  The  lectures  are  delivered  on 
Saturday  afternoons,  and  the  three  years'  course  embraces  the 
following  subjects: — ■ 

1913-1914.— Michaelmas  Term:  (1)  The  Steam-engine,  and  (2)  Theoretical 
Electricity.  Epiphany  Term  :  (3)  Electrical  Engineering,  and  (4)  Haulage  and 
Winding. 

1914-1915. — Michaelmas  Term  :  (5)  Transmission  of  Power,  nnd  (6)  Pumping 
and  Ventilation.  Epiphany  Term:  (7)  Metallurgy  of  Iron  and  Steel,  and  (8) 
Mining  Machinery  (mainly  machinery  used  underground). 

1915-1916. — Michaelmas  Term  :  (9)  Machine  Drawing,  and  (10)  The  Chemistry 
of  Fuel.  Epiphany  Term  :  (11)  Strength  of  Materials  (with  experimental  illustra- 
tions), and  (12)  Experimental  Mechanics. 

Several  colliery-owners  have  paid  the  fees  (£1  10s.  per 
annum)  and  railway  expenses  of  pupils  attending  the  classes  from 
their  collieries.  During  the  past  year,  the  lectures  of  the 
Michaelmas  Term  on  Machine  Drawing  were  attended  by  28 
students,  and  on  Experimental  Mechanics  by  29  students,  26  of 
whom  sat  for  examination  and  24  passed ;  and  during  the 
Epiphany  Term,  the  lectures  on  the  Chemistry  of  Fuel  were 
attended  by  2G  students,  and  on  the  Strength  of  Materials  by  28 
students,  26  of  whom  sat  for  examination  and  24  passed. 
Certificates  have  been  awarded  to  the  following*  students,  who 
have  completed  the  three  years'  course  : — Messrs.  vV.  J.  Leonard, 
E.  S.  Pearse,  and  J.  T.  Riley.  The  first  and  second  prizes  for  the 
session  1912-1913  have  been  awarded  to  Messrs.  J.  Harrison  and 
W.  J.  Leonard  respectively. 

Mr.  Thomas  Douglas  continues  to  represent  the  Institute  as  a 
Governor  of  Armstrong  College,  and  Mr.  John  H.  Merivale,  in 
conjunction  with  the  President  (Mr.  W.  C.  Blackett),  represents 
the  Institute  on  the  Council  of  the  College. 

Mr.  Thomas  Edgar  Jobling  continues  to  represent  the  Insti- 
tute upon  the  Board  of  Directors  of  the  Institute  and  Coal-trade 
Chambers  Company,  Limited. 

The  President  continues  a  Representative  Governor  upon  the 
Court  of  Governors  of  the  University  of  Durham  College  of  Medi- 
cine during  his  term  of  office. 

Mr.  Hugh  Johnstone  will  represent  the  Institute  at  the  Con- 
ference of  Delegates  of  the  Corresponding  Societies  of  the  British 
Association  for  the  Advancement  of  Science,  to  be  held  in 
Birmingham,  commencing  on  September  10th,  1913. 
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Mr.  Thomas  William  Gibson  will  represent  the  Institute  at 
the  Twelfth  International  Geological  Congress  to  be  held  in 
Canada,  commencing  in  Toronto  on  August  7th,  1913. 

The  next  International  Congress  of  Mining,  Metallurgy, 
Applied  Mechanics,  and  Practical  Geology  will  be  held  in 
London  in  the  year  1915,  and  Prof.  Henry  Louis  represents  the 
Institute  upon  the  Executive  Committee.  A  Guarantee  Fund 
has  been  established,  and  lias  received  the  financial  support  of  the 
Institute  and  also  of  a  number  of  prominent  gentlemen  and 
companies  connected  with  the  coal-trade  of  the  Xorth  of  England. 

Under  the  will  of  the  late  Mr.  John  Daglish,  funds  have  been 
placed  at  the  disposal  of  Armstrong  College  for  founding  a  Tra- 
velling Fellowship,  to  be  called  the  l>  Daglish  "  Fellowship, 
candidates  for  which  must  be  nominated  by  the  Institute. 
Messrs.  Leo  Dorey  Ford  and  Henry  Norman  John  Liddell  were 
in  January,  1913,  awarded  Fellowships,  but  the  latter  gentleman 
afterwards  relinquished  his  award,  he  having  since  the  date  of 
his  application  obtained  a  position.  Suitable  arrangements  have 
been  made  to  enable  Mr.  Ford  to  gain  knowledge  and  experience 
abroad. 

G.  C.  Greenwell  gold,  silver,  and  bronze  medals  may  be 
awarded  annually  for  approved  papers  "  recording  the  results  of 
experience  of  interest  in  mining,  and  especially  where  deductions 
and  practical  suggestions  are  made  by  the  writer  for  the  avoid- 
ance of  accidents  in  mines."  A  G.  C.  Greenwell  bronze  medal 
has  been  awarded  to  Mr.  W.  Hutton  Hepple white,  H.M. 
Inspector  of  Mines,  for  his  paper  upon  "  The  Action  and  Control 
of  Differently  Constituted  Coal-roofs." 

Prizes  have  been  awarded  to  the  writers  of  the  following 
papers,  communicated  to  the  members  during  the  vear  1912- 
1913  :  — 

"The  Jherria  Coal-field  (India)  and  its  Future  Development."  By  Mr. 
George  Harold  Greenwell,   M.I.M.E. 

"The  Lighting  Efficiency  of  Safety-tamps."  Bv  Mr.  Thomas  Arthur 
Saint,  Stud.  I.M.E. 

"The  Ignition  of  Coal-gas  and  Methane  by  Momentary  Electric  Arcs." 
By  Prof.  William  Mundell  Thornton,  Hon.  M.I.M.E. 

The  papers  printed  in  the  Transactions  during  the  year  are  as 
follows  : 

"A  Photographic  Method  of  Rapidly  Copying  Out  Pay-notes,  in  Use  at 
Throckley  Collieries."  By  Mr.  George  William  Bell,  Assoc.  I.M.E., 
and  Mr.  Thomas  Ventresa  Simpson,  M.I.M.E. 
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"Memoir  of  Thomas   Walter   Benson."     By    Mr,    Walter   John    Benson, 

Assoc.   M.I.M.E. 
"Memoir    of    Cuthbert    Berkley."      By    Mr.    Richard    William    Berkley, 

M.I.M.E. 
"  An  Address  to  Practical  Men,  being  some  Further  Notes  on  'The  <  om- 

bustion  of  Oxygen  and  Coal-dust  in  Mines.1  "     By  Mr.  William  Cuth- 

bert  Blackett,  M.I.M.E. 
■'Electrically-driven  Winding-engines  in  South  Africa."     By   Mr.   A.  W. 

Brown. 
*'  The  Jlierria  Coal-field  (India)  and  its  Future  Development."       By   Mr. 

George  Harold  Greenwell,  M.I.M.E. 
*'  The  Hailwood  Gas-cap  Observation  Machine."     By   Mr.   Ernest  Arthur 

Haihvood,  M.I.M.E. 
''  The   Lighting    Efficiency    of    Safety-lamps."     By    Mr.    Thomas    Arthur 

Saint,  Stud.  I.M.E. 
""The  Ignition  of  Coal-gas  and  Methane  by  Momentary  Electric   Arcs." 

By  Prof.  William  Mundell  Thornton,  Hon.  M.I.M.E. 
"  Miners'  Electric  Safety-lamps." 
"  The  Ochwadt  Self -registering  Water-gauge." 
"  F.  Robson  &  Company's  Improved  Air-gauge." 
"  The  Davis-Biram  Anemometer." 

No  Excursion  Meeting  has  been  held  during-  the  past  year, 
hut  arrangements  have  been  made  to  visit  the  Nenthead  lead- 
mines  and  works  of  the  Vieille  Montague  Zinc  Company  on 
August  8th,  1913. 

During  the  past  year  the  Report  of  the  Committee  appointed  to 
Report  upon  the  Carboniferous  Limestone  Formation  of  the  North  of 
England,  with  Special  Reference  to  its  Coal  Resources,  has  been 
completed  and  published,  and  it  is  hoped  that  the  members  will 
purchase  copies,  and  by  so  doing  return  to  the  Institute  a  portion 
of  the  great  cost  which  has  been  incurred  in  preparing  and 
publishing  this  valuable  addition  to  its  publications. 

The  following  gentlemen  have,  during  the  year,  presented  one 
or  more  lamps  towards  the  collection  which  the  Council  are  form- 
ing to  replace  that  destroyed  by  fire  at  the  Brussels  Exhibition  :  — 
Messrs.  The  "  Ceag  "  Electric  Safety-lamp  Company,  William 
E.  Gray,  Oldham  &  Son,  and  The  Tudor  Accumulator  Company, 
Limited. 

The  rooms  of  the  Institute  have  been  used,  during  the  year, 
by  the  Newcastle-upon-Tyne  Association  of  Students  of  The  Insti- 
tution of  Civil  Engineers ;  the  Newcastle-upon-Tyne  Economic 
Society  ;  the  Northumberland  and  Durham  Provincial  Committee 
of  the  Surveyors'  Institution ;  the  Foremen's  Mutual  Benefit 
Society  ;  the  North  of  England  Gas  Managers'  Association  ;  the 
St.  John  Ambulance  Brigade;  the  Newcastle  Organization  Com- 
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niittee  for  the  International  Polity  Lectures ;  the  Institute  of 
Bankers ;  the  Newcastle-upon-Tyne  and  Gateshead  Gas  Com- 
pany ;  the  North  of  England  Branch  of  the  National  Association 
of  Colliery  Managers ;  the  Central  Council  of  Church  Bell- 
ringers  ;  and  the  Northern  Under-managers  and  Colliery  Officials 
Mutual  Aid  Association. 

The  Institution  of  Mining  Engineers  has  now  entered  upon 
its  twenty-fifth  year,  and  the  members  are  to  be  congratulated 
upon  its  continued  success.  Meetings  were  held  in  Birmingham 
in  September,  1912,  and  in  London  in  June,  1913.  Endeavours 
are  being  made  to  raise  a  Capital  Fund,  in  order  to  place  the 
Institution  upon  a  sound  financial  footing-  and  to  enable  it  to 
maintain  a  proper  station  amongst  the  other  leading  Institutions. 
A  proposal  that  the  amount  of  £15,000  should  be  raised  by  the 
several  Federated  Institutes  in  proportion  to  their  membership 
has  been  agreed  to  by  this  Institute,  which  is  therefore  committed 
to  enlist  subscriptions  to  the  amount  of  £6,220.  A  number  of 
donations  have  already  been  received  from  prominent  gentlemen 
and  companies  connected  with  the  coal-trade  of  the  North  of 
England,  and  it  is  hoped  that  when  the  appeal  for  subscriptions  is 
finally  issued  to  the  members  it  will  be  favourably  received  and 
meet  with  a  ready  response. 


The  Chairman  (Mr.   John  Simpson)  moved  the  adoption  of 
the  Report. 

Mr.  W.   Cochran  Carr  seconded  the  resolution,  which  was 
adopted. 


The  Annual  Report  of  the  Finance  Committee  was  read,  as 
follows  :  — 

ANNUAL  REPORT  OF  THE  FINANCE  COMMITTEE, 

1912-1913. 

The  Finance  Committee  submit  herewith  a  statement  of" 
accounts  for  the  twelve  months  ending  June  30th,  1913,  duly 
audited. 

The  total  receipts  were  £2,934  Is.  3d.  Of  this  amount,  £27 
was  paid  for  life-compositions  in  lieu  of  annual  subscriptions,  and 


ANNUAL  REPORT  OF  THE   FINANCE  COMMITTEE.  7 

£29  16s.  as  subscriptions  in  advance,  leaving  £2,877  5s.  3d.  as  the 
ordinary  income  of  the  year,  compared  with  £2,820  6s.  5d.  in  the 
previous  year.  The  amount  received  for  ordinary  current-year 
subscriptions  was  £2,133  2s.,  and  arrears  £338  18s.,  as  against 
£2,144  8s.  and  £264  14s.  respectively  in  the  year  1911-1912. 
Transactions  sold  realized  £43  7s.  3d.,  as  compared  with 
£17  3s.  7d.  in  the  earlier  period  ;  and  the  sum  received  for 
interest  on  investments  was  £396  15s. 

The  expenditure  was  £2,706  8s.  6d.,  that  for  the  previous  year 
having  been  £2,537  9s.  Increases  are  shown  in  salaries  and 
wages  and  in  printing  and  stationery,  the  latter  being  due  to  the 
publication  of  the  Report  of  the  Committee  appointed  to  Report 
upon  the  C arb 07ii fer otis  Limestone  Formation  of  the  North  of 
En  (/land,  with  Special  Reference  to  its  Coal  Resources. 

The  balance  of  income  over  expenditure  was  £227  12s.  9d., 
and  adding  to  this  the  amount  of  £374  2s.  lid.,  brought  forward 
from  the  previous  year,  leaves  a  credit  balance  of  £601  15s.  8d. 

The  names  of  33  persons  have  been  struck  off  the  membership 
list  in  consequence  of  non-payment  of  subscriptions.  The  amount 
of  subscriptions  written  off  was  £151  16s.,  of  which  £83  9s.  was 
for  sums  due  for  the  year  1912-1913,  and  £68  7s.  for  arrears.  It 
is  probable  that  a  considerable  proportion  of  these  amounts  will 
be  recovered  and  credited  in  future  years.  Of  the  amount  pre- 
viously written  off  £124  10s.  was  recovered  during  the  past  year. 

John  Simpson,  Vice-President. 
August  2nd,  1913. 


The  Chairman  (Mr.  John  Simpson)  moved  the  adoption  of 
the  Report. 

Mr.    W.    B.    Wilson    seconded    the    resolution,    which    was 
adopted. 
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June  30th.  1912.  £      s.    d.       £      s.    d. 

To  Balance  of  account  at  bankers     .  .  ... 

in  Treasurer's  hands 
„  Outstanding  accounts  due  from  authors  for  excerpts 

374     2  11 
J  une  30th,  1913. 
To  Dividend  of  7£  per  cent,  on  207  shares  of  £20  each   in 
the   Institute    and  Coal-trade  Chambers  Company, 
Limited,  for  the  year  ending  June  30th,  1913         ...       310  10     0 
,,    Interest  on  mortgage  of  £1,400  with  the  Institute  and 

Coal-trade  Chambers  Company,  Limited      ...  ...         49     0     0 

.,    Dividend  on  £340  consolidated    5-per-cent.  preference 
stock    of    the    Newcastle    and    Gateshead     Water 
Company  ...  ...  •••  •••  ■••  ...  17     0     0 

„    Dividend  on  £450  ordinary  stock  of  the  Newcastle  and 

Gateshead  Gas  Company  20     5     0 

396  15     O 

To  Sales  of  Transactions        43     7     3 

To  Subscriptions  for  1912-1913,  as  follows 
715  Members     ... 
83  Associate  members 
162  Associates  ... 
34  Students     ... 
31  New  members 

7  New  associate  members  ... 
13  New  associates 
9  New  students 


32  Subscribing  firms  ... 

2.133     2     0 
Less,  Subscriptions  for  current  year  paid  in  advance 

at  the  end  of  last  year  ...  ...  ...  34  17     0 
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£       s.    d.       £       s.    d.       £       s.    d. 


To  893  Members. 

52  of  whom  have  paid  life-compositions. 

841 

5  not  included  in  printed  list. 

~  ®  £2  2s. 

To  101  Associate  members. 

9  of  whom  have  paid  life-compositions. 


1,776  12    0 


92 


1  paid  a  life-composition. 


@£2  2s.       193     4     0 
27     0     0 


To  204  Associates, 

1  of  whom  has  paid  a  life-composition. 

203 

1  not  included  in  printed  list. 

204 

3  paid  as  members. 

201 

To     43  Students. 

To     33  Subscribing  firms 

To     31  New  members 

To       7  New  associate  members 

To     13  New  associates 

To       9  New  students 


@  £1  5s. 
@  £1  5s. 

@  £2  2s. 
(w  £2  2s. 
@  £1  5s. 
(a)  £1  5s. 


To  Arrears,  as  per  balance-sheet,  1911-1912 

Add,  Arrears  considered  irrecoverable,  but  since  paid 

To  Subscriptions  paid  in  advance  during  the  current  year 


220     4     0 


251     5  0 

53  15  0 

111     6  0 

65     2  0 

14  14  0 

16     5  0 

11     5  0 

310     9  0 
124  10    0 


2,413     2     0 


107     6     0 


434  19     0 
29  16     0 


£2,985     3     0 
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and  Mechanical  Engineers  in  Account  with  Subscriptions,  1912-1913.       Cr. 
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By  715  Members,  paid @  £2  2s.  1,501  10     0  

101         „          unpaid            ...  <2>  £2  2s 212     2     0           

2         „          resigned          ...  @  £2  2s 4     4  0 

1         ,,          excused  payment  @  £2  2s.           2     2  0 

6  „           dead @  £2  2s 12  12  0 

21         „          struck  off  list  @  £2  2s 44     2  0 

846 

By    83  Associate  members,  paid  @  £2  2s.       174     6     0  

7  „  „         unpaid         @  £2  2s 14  14     0  

1         „  „        dead  @£2  2s 2     2     0 

1         „  „     struck  off  list  @  £2  2s 2     2     0 

92 

1         „  „         paid  a  life-composition    27     0     0 

By  162  Associates,  paid @  £1  5s.       202  10     0 

28         ,.  unpaid  ...  @  £1  5s.  
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1  „  dead  ...  @  £1  5s.  

9         „  struck  off  list  @  £1  5s 
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By    34  Students,  paid @  £1  5s.         42  10     0  

7         „  unpaid  ...  @  £1  os 8  15     0  

2  „  struck  off  list  @  £1  5s 2  10     0 
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15     0 

15     0 

11     5     0 

By    32  Subscribing  firms,  paid  105     0  0  

1         ,.  ,,       unpaid         ...  ..  6     6     0 

33 
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By      7  New  associate  members,  paid  @  £2  2s.         14  14  0  
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2,160     2  0 
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2,499     0  0 
By  Subscriptions   paid  in  advance  during  tbe 

current  year      ...         ...         ...         ...         29  16  0 


276  17    0 

83     9     0 

27  14     0 

68     7     0 

2.528  16     0      304  11     0       151  16    0 
£2,985     3     0 
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ELECTION  OF  REPRESENTATIVES  ON   THE  COUNCIL 
OF   THE   INSTITUTION    OF   MINING   ENGINEERS, 

1913-1914. 

Mr.  Mark  Ford  moved,  and  Mr.  F.  L.  Booth  seconded,  a 
resolution  that  the  following*  gentlemen  be  elected  as  the  repre- 
sentatives of  the  Institute  on  the  Council  of  The  Institution 
of  Mining;  Engineers  for  the  year  1913-1914 : — 


Mr.  A.  M.  Hedley. 
Mr.  T.  K.  Jobling. 
I     Mr.  J.  P.  Kirkup. 
Mr.  Philip  Kirkup. 
Mr.  C.  C.  Leach. 
Prof.  Henry  Louis. 
Mr.  J.  H.  Merivale. 
Mr.  \V.  C.  Mountain. 
Mr.  J.  H.  Nicholson. 
The  resolution  was  agreed  to. 


Mr.  R.  S.  Anderson. 
Mr.  W.  C.  Blackett. 
Mr.  W.  Cochran  Carr. 
Mr.  Benjamin  Dodd. 
Mr.  J.  W.  Fryar. 
Mr.  T.  Y.  Greener. 
Mr.  Reginald  Guthrie. 
Mr.  Samuel  Hare. 


Mr.  R.  E.  Ornsby. 
Mr.  C.  B.  Palmer. 
Mr.  Walter  Rowley. 
Mr.  F.  R.  Simpson. 
Mr.  John  Simpson. 
Mr.  J.  G.  Weeks. 
Mr.  W.  B.  Wilson. 
Mr.  E.  Seymour  Wood. 


The    following    gentlemen    were    elected,    having    been    pre- 
viously nominated  :  — 

Honorary  Members — 
Mr.  John  Boland  Atkinson,  Mining  Engineer,  16,  Belle   Grove   Terrace, 

Newcastle-upon-Tyne. 
Mr.  John  Robert  Robinson  Wilson,  H.M.   Inspector  of  Mines,  Westfield 

Drive,  Gosforth,  Newcastle-upon-Tyne. 
Members — 
Sir  Ralph  Percy  Ashton,  Colliery  Agent,  The  Quarry,  Oxted,  New  Oxted, 

Surrey. 
Mr.    William    Calder,    Oil-field    Manager   and    Engineer,    Apslieronskaya, 

Maikop,  South  Russia. 
Mr.  Lawrence  Clive,  H.M.  Inspector  of  Mines,  2,  Pimlico,  Durham. 
Mr.  Frank  Hernaman  Cothay,  Mining  and  Mechanical  Engineer,  7,  Yale- 

brooke,  Sunderland. 
Mr.  Morton  Hedley,  Colliery  Manager,  Medomsley,  County  Durham. 
His  Grace  the  Duke  of  Northumberland,  Alnwick  Castle,  Northumberland. 
Mr.  Herbert  William  Taylor,  Mining  Engineer,  El  Bote  Mine,  Zacatecas, 

Mexico. 
Mr.  David  Lewis  Thomas,  Colliery  Manager,  Ty-Cerrig,  Slate  Street,  Morns - 

ton,  Glamorgan. 
Mr.  John  Emanuel  Tyers,  Jun.,  Mechanical  Engineer,  Rewah  State  Colliery, 

Umaria,  Central  India. 
Associates — 
Mr.  William  Calland,  Surveyor,  Hedley  Hope  Colliery,  Tow  Law,  County 

Durham. 
Mr.  Francis  Cecil  Dwane,  Assistant  Colliery  Manager,  Singareni  Collieries, 

Deccan,  India. 
Student — 
Mr.  Ronald  Edwin  White,  Mining  Student,  Cowpen  Colliery  Office,  Blyth. 
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DISCUSSION  OF  MR.  T.  A.  SAINT'S  PAPER  ON  "  THE 
LIGHTING  EFFICIENCY  OF  SAFETY-LAMPS.'* 

Dr.  Leonard  Hill  (Loughton,  Essex)  wrote  that  the  only 
point  he  wished  to  make  was  that  miners'  nystagmus  was  pro- 
duced by  the  feeble  illumination  of  the  safety-lamp,  which 
prevented  the  use  of  the  fovea  centralis  of  the  retina — the  spot 
of  clearest  vision — and  that  fixation  of  the  eye-balls  which  caused 
the  object  looked  at  to  be  focussed  on  the  fovea  of  each  eye.  The 
peripheral  parts  of  the  retina  were  the  more  sensitive  in  the 
"•  dark-adapted  eye,"  and  as  fatigue  was  easily  caused  in  these 
parts,  continual  movement  of  the  eye-balls  resulted  and  nystag- 
mus became  established,  especially  in  the  case  of  those  persons 
who  suffered  from  some  error  of  refraction  in  their  eyes.  It- 
was  obvious  that  the  lamp  with  the  highest  power  of  illumina- 
tion should  be  chosen,  other  things  being  equal ;  and,  according 
to  the  data  given  by  Mr.  Saint,  the  "Wolf  lamp  with  a  i-inch 
flat  wick  and  benzine  seemed  to  be  the  most  efficient,  as  also 
fairly  economical.  The  absorption  of  the  light  by  the  dark  coal 
was  a  great  disadvantage,  and  he  would  suggest  the  consideration 
of  the  proposition  whether  it  would  not  be  feasible  to  increase 
the  illumination  of  the  safety-lamp  by  the  use  of  whitewashed 
canvas  screens.  Could  not  a  roll  of  such  canvas  be  carried  with 
the  lamp,  and  suspended  so  as  to  enhance  the  illumination  of 
the  working-face  ? 


DISCUSSION  OF  MR,  W.  C.  BLACKETTJS  "  ADDRESS  TO 
PRACTICAL  MEN,  BEING  SOME  FURTHER  NOTES 
ON  'THE  COMBUSTION  OF  OXYGEN  AND  COAL- 
DUST  IN  MINES.'  "t 

Mr.  C.  J.  Fairbrother  (Dannhauser,  Natal)  wrote  that  the 
Address  seemed  likely  to  raise  some  very  interesting  points  in 
connexion  with  one  of  the  miner's  greatest  enemies — combus- 
tion ;  and  he  would  like  to  bring  forward  one  or  two  points  which 
had  more  particular  reference  to  Natal  mines. 

In  the  first  place,  he  agreed  with  Mr.  Blackett  regard- 
ing the  periodical  reversal  of   the  ventilating  currents.      The 

*  Trans.  Inst.  M.  E.,  1913,  vol.  xlv.,  pages  327  and  476. 
I  Ibid.,  page  295. 
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whole  question  of  the  occurrence  of  a  coal-dust  explosion 
turned  on  whether  there  was  present  the  necessary  quantity  of 
coal-dust  more  or  less  evenly  distributed  in  the  roadways.  Even 
supposing,  therefore,  that  the  reversal  of  the  currents  raised 
some  of  the  dust,  it  would  be  relaid  at  some  other  convenient 
place,  as  one  could  hardly  accept  the  idea  of  its  being  swept 
out  of  the  mine  altogether.  The  dangerous  coal-dust  would 
simply  be  removed  from  one  place  and  deposited  in  another. 
A.  great  percentage  of  this  dust  was  made  at  the  working-face 
by  coal-cutting,  pick-work,  filling,  and  the  general  handling 
of  the  coal,  and  was  carried  by  the  air  and  deposited  in  the 
returns.  Should  a  reversal  of  the  fan  disturb  it,  the  dust  would 
be  redeposited  at  the  working-face,  where  the  currents  were 
generally  weak,  or,  in  other  words,  put  into  the  very  place 
where  it  would  be  most  dangerous  and  least  wanted. 

In  the  case  of  gas,  there  were  obvious  reasons  for  not  tam- 
pering with  the  currents.  There  was,  generally  speaking,  a 
right  and  a  wrong  way  of  ventilating  every  section  of  a  pit;  and 
after  considerable  trouble  had  been  expended  in  order  to  arrive  at 
the  right  method,  what  possible  good  could  accrue  from  the  mine 
being  ventilated  wrongly  for  so  many  hours  every  week?  This 
applied  particularly  to  broken  sections  where  the  ventilating 
current  was  used  to  force  any  gas  back  into  the  waste  on  the  side 
where  working  was  being  carried  on,  and  to  draw  it  off  on  the  side 
next  the  return.  If  the  action  were  reversed,  the  current  would 
tend  to  draw  the  gas  into  the  working  side  of  the  goaf,  from 
which  it  might  not  be  an  easy  matter  to  remove  it. 

As  Natal  collieries  were  particularly  subject  to  gob-fires, 
Mr.  Blackett's  remarks  on  the  question  were  of  great  interest 
both  to  owners  and  to  managers.  Dr.  John  Harger  had  patented 
a  device  for  reducing  by  3^  per  cent,  the  quantity  of  oxygen  in 
the  air,  with  a  view  to  the  entire  removal  of  the  danger,  and 
this  opportunity  of  discussing  the  efficiency  and  adaptability  of 
the  apparatus  was  naturally  hailed  with  gladness  by  managers 
of  collieries  liable  to  such  outbursts.  He  (Mr.  Fairbrother)  had 
knowledge  of  physiological  chemistry,  and  therefore  should  like 
to  hear  the  views  of  those  competent  to  discuss  the  question  raised 
by  Mr.  Blackett  as  to  the  efficiency  of  the  human  organs  when 
working  in  an  atmosphere  in  which  the  oxygen  was  reduced.  The 
mines  of  Natal  were  situated  some  4,200  feet  above  sea-level,  and 
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lie  (the  writer)  would  like  to  know  what  effect,  if  any,  this  would 
have  upon  such  a  reduction  of  oxygen  in  the  mine  workings. 

Another  important  point  in  reducing  the  oxygen  of  the 
air  on  entering  a  mine  seemed  to  be  the  provision  that  would 
have  to  he  made  for  those  parts  of  a  mine  where  the  air  was 
already  diluted — in  many  cases  to  a  greater  extent  than  advocated 
by  Dr.  Harger — by  the  natural  gases  given  off  by  the  strata, 
such  as  blackdamp  and  firedamp,  by  exhalation,  and  by  com- 
bustion in  the  lamps. 

It  was  obvious  that  if  the  workings  contained  2  per  cent,  of 
the  above  gases,  the  percentage  of  oxygen  would  be  further 
reduced;  what,  then,  was  the  limit  to  the  reduction  of  the 
quantity  of  oxygen  allowable  so  that  a  man  might  work  in 
comfort?  One  would  also  like  to  know  how  it  was  proposed 
to  regulate  the  supply  of  nitrogen  so  that  the  exact  3|  per 
cent,  might  be  obtained.  Many  factors  tended  to  increase  and 
diminish  the  quantity  of  air  flowing  in  an  intake ;  how,  then, 
was  the  supply  of  nitrogen  to  be  regulated  in  order  to  meet 
those  fluctuations  exactly?  He  supposed  that  this  point  was  the 
essential  part  of  the  patent,  but  he  would  like  to  know  how  it 
had  been  found  to  meet  requirements,  and  within  what  limits, 
otherwise  the  air  might  contain  20  per  cent,  one  hour  and  only 
14  to  15  the  next.  In  his  opinion,  a  thorough  system  of  panels 
was  the  best  method  of  dealing  with  the  gob-fire  question.  In 
Natal  only  two  seams  had  to  be  dealt  with,  and  these  were 
close  together;  consequently  they  were  in  the  most  favourable 
position  for  correct  panelling.  By  studying  the  conditions  and 
by  laying  the  barriers  at  proper  intervals,  following  the  broken 
close  upon  the  whole  workings,  and  building  off  directly  the 
brokens  were  finished,  or  earlier  if  necessary,  the  requirements 
were  best  met  with  and  at  least  cost  and  trouble.  Certainly, 
tlii-  >ystem  meant  waste  in  barriers,  pillars,  etc.,  but  what  was 
that  compared  with  the  loss  of  a  complete  mine  or  district  ? 
The  trouble  seemed  to  arise  from  the  shale  which  lay  immedi- 
ately above  each  of  the  two  seams  :  and  as  the  seams  lay  only 
3  or  4  feet  apart,  complete  extraction  was  almost  an  impossi- 
bility in  bord-and-pillar  working;  whilst,  under  the  present 
labour  conditions,  longwall  was  entirely  beyond  consideration. 

Panels,  of  course,  did  not  in  any  way  prevent  the  fire  ;   they 
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only  provided  a  ready  means  for  building  off  the  fires  in  the 
event  of  their  occurrence.  The  system  suggested  by  Dr.  Harger, 
which  was  likely  to  free  them  of  these  troubles,  greatly  interested 
him,  and  he  would  be  glad  to  hear  that  it  might  be  applied  under 
the  conditions  of  working  prevailing  in  Natal  and  without  harm 
to  the  underground  workers. 


Mr.  Samuel  Dean's  "  Notes  on  Coal-mining  in  the  United 
States  of  America,  with  Special  Reference  to  the  Treatment  of 
Coal-dust,  and  Haulage  by  Electric  Locomotives,"  were  taken  as 
read,  as  follows:  — 


VOL.  LXIV.— 1913-1914. 
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NOTES  ON  COAL-MINING  IN  THE  UNITED  STATES 
OF  AMERICA,  WITH  SPECIAL  REFERENCE  TO  THE 
TREATMENT  OF  COAL-DUST,  AND  HAULAGE  BY 
ELECTRIC  LOCOMOTIVES. 


By  SAMUEL  DEAN. 


Introduction.  The  United  States  of  America  have  occupied 
the  position  of  the  chief  coal-producing  country  of  the  world 
since  the  year  1899.  During  1912,  twenty-eight  States  produced 
534,466,580  short  tons  (2,000  pounds).  The  quantity  of  coal 
mined  in  the  year  1850  was  7,018,181,  and  in  1900.  269,684,027 
short  tons. 

It  is  not  uncommon  to  find  an  average  production  of  6  long 
tons  (2,240  pounds)  per  hewer,  per  shift  of  eight  hours,  in  mines 
where  the  seams  are  5  and  6  feet  thick.  These  figures  are  all 
the  more  remarkable  when  the  fact  that  90  per  cent,  of  the  men 
working  in  the  mines  in  many  parts  of  the  country  to-day  are 
from  Eastern  and  Southern  Europe  is  taken  into  consideration, 
and  that  probably  not  more  than  10  per  cent,  of  them  have  had 
any   mining   experience   before   crossing  the   Atlantic. 

Method  of  Working. — The  customary  method  of  working,  in 
seams  of  varying  thicknesses  all  over  the  country,  is  that  known 
as  "  room-and-pillar."  A  main  slope,  generally  used  as  a  main- 
rope  haulage-way,  is  driven  down  on  the  dip  of  the  seam  parallel 
with  a  back  slope,  which  is  used  as  an  intake  or  return  airway. 
At  intervals  of  about  1,200  feet,  pairs  of  main  entries  or  levels 
are  turned  off  the  main  slope  to  both  the  right  and  left,  and 
pairs  of  cross-entries  or  headings,  each  pair  being  about  600  feet 
apart,  driven  to  the  rise  of  these.  To  the  right  and  left  of  the 
cross-entries  rooms  are  turned  at  right  angles,  generally  at  about 
45-foot  centres,  each  room  being  driven  narrow  for  a  distance  of 
25  feet  and  then  widened  out  to  a  width  of  20  feet,  leaving  pillars 
25  feet  wide.  The  length  of  the  rooms  is  300  feet — half  the 
distance  between  the  cross-entries — and  when  the  rooms  have 
been  driven  this  distance,  the  work  of  extracting  the  pillars  is 
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commenced.  A  large  quantity  of  pillar-coal  has  been  lost  in  the 
past,  but  there  has  been  a  great  improvement  in  this  respect  in 
recent  years.  A  fact  that  is  of  more  than  passing  interest  is 
that  it  is  customary  to  pay  the  same  hewing  rate  or  tonnage- 
price  in  the  pillars  or  brokens  as  is  paid  in  the  rooms  and  entries 
or  whole  workings.  The  entries,  9  feet  wide,  are  also  subject 
to  a  yardage-rate,  in  addition  to  the  tonnage-price. 

Haulage. — In  recent  years  the   electric   locomotive  (Fig.   1) 
has   come  into   very   treneral    use   for   haulage    along-   the   main 


Fig.  1. — A  13-ton  Electric  Locomotive,  using  250  Volt  Direct  Current, 
hauling  a  Train  of  thirty  2-ton  capacity  Tubs. 


entries  or  levels,  and  doubtless  this  method  is  preferable  to  the 
endless  rope  in  mines  in  which  explosive  gas  is  not  found  in  very 
dangerous  quantities.  The  total  haulage  labour  cost  is  usually 
not  more  than  2|d.  (5  cents)  per  long  ton.  In  a  mine  in  Penn- 
sylvania a  10-ton  locomotive  hauled  about  150,000  tons  of  coal 
in  a  year,  at  a  cost  of  less  than  ^d.  'a  tenth  of  a  cent)  per  ton 
for  repairs.  The  usual  train  was  made  up  of  thirty  to  forty 
tubs,  each  loaded  with  about  3,700  pounds  of  coal,  which  was 
hauled  up  a  gradient  of  2  in  100.  The  cost  was  lkl.  (3  cents) 
per  long  ton. 
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Mules  are  usually  employed  to  haul  the  tubs  from  the  working- 
places  to  the  electric-locomotive  terminals  or  partings,  but  in  a 
number  of  mines  the  "gathering"  locomotive  is  now  in  use.  In 
the  cross-entries  these  locomotives  take  current  from  the  trolley- 
wire  through  the  trolley-pole;  but,  when  entering  the  rooms,  the 
trolley-pole  is  fastened  down,  and  current  obtained  from  a  flex- 
ible cable,  which  enables  the  locomotive  to  push  the  tubs  into  the 
rooms.  Generally,  by  the  time  that  the  last  empty  tubs  of  the  train 
have  been  distributed  the  first  tubs  have  been  reloaded,  and  the 
process  of  gathering  the  loaded  cars  is  commenced.     The  train, 


Fig.  2.  — Loading  a  Railway  Box-car  of  a  Capacity  of  40  tons. 


when  made  up,  is  hauled  to  an  electric-locomotive  terminal, 
where  it  forms  part  of  a  train  to  be  hauled  out  to  the  slope  by  one 
of  the  main-entry  locomotives.  Two  men  with  a  "gathering" 
locomotive  can  distribute  and  gather  from  100  to  120  tubs  per 
day  of  8  hours,  each  tub  having  a  capacity  of  from  2  to  4  long 
tons.  Without  doubt  the  day  when  electric  storage-battery 
locomotives  will  become  general  is  looked  forward  to,  as  the 
inconveniences  and  dangers  of  the  trolley-wire  will,  of  course, 
then  be  done  away  with.  Such  locomotives  are  already  in  use, 
but  as  yet  they  suffer  from  too  many  well-known  imperfections. 
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Hand-putters,  drawers,  or  trammers  are  very  seldom  em- 
ployed, on  account  of  the  large  capacity  of  the  tubs,  or  cars. 
Where  seams  4  feet  and  more  in  thickness  are  worked,  the 
capacity  of  the  cars  is  from  2  to  4  long  tons,  the  track-gauge 
being  36  to  48  inches.  A  suggestion  to  introduce  10-cwt.  tubs 
into  the  workings  of  a  6-foot  seam  would  receive  no  considera- 
tion whatever.  One  trip  from  the  parting  to  the  face,  and  back, 
produces  as  much  coal  with,  say,  a  2-ton  tub,  as  four  trips  would 
produce  if  a  10-cwt.  tub  were  used.  When  an  empty  tub  is 
standing  ready,  a  miner  is  tempted  to  load  it,  and,  figuratively 
speaking,  it  is  considered  almost  a  crime  to  keep  a  man  at  the 
face  waiting  for  empties.  Probably  the  large  capacity  of  the 
tub  is  one  of  the  principal  factors  that  contribute  to  the  high 
output  per  man. 

Fig.  2  is  a  view  of  a  railway  box-car  with  a  capacity  of  40 
tons,  used  on  the  surface  for  the  transportation  of  coal ;  whilst 
Fig.  3  shows  the  box-car  loader,  a  machine  employed  for  con- 
veying the  coal  to  each  end  of  the  car. 

Longwall  Mining. — In  the  past,  the  longwall  method  of 
mining  has  received  but  scant  attention ;  only  in  comparatively 
thin  seams,  in  a  few  districts,  is  it  at  all  general.  There 
appears,  however,  at  present,  to  be  a  desire  to  give  it  a  thorough 
trial,  and  it  may  become  more  general  as  time  goes  on.  A 
method  with  machines  cutting  across  longwall-retreating  faces 
may  be  found  most  adaptable  to  the  conditions,  but  it  will  no 
doubt  be  difficult  to  compete  with  the  deadwork  cost  in  room- 
and-pillar  working. 

The  following  table  shows  the  numbers  of  underground 
employees  at  a  colliery  in  one  of  the  Middle  West  States  produc- 
ing 2,000  long  tons  per  8-hour  day.  The  seam  is  5  feet  9  inches 
thick,  and  is  worked  by  room-and-pillar : — 


Hewers  or  diggers 

Drivers 

Shifters  or  datallers 

Haulage  hands 

Officials  and  others 


340 
38 
51 
32 
20 


Total        481 

Fig.  4  is  a  view  of  a  tipple  or  heapstead  at  a  Western  mine. 
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Fig.  3.  -  Box-car  Loader. 


Fig.  4. —Tipple  or  Heapstead  at  a  Western  Mine. 
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The  Coal-dust  Question. — During  the  last  3  or  4  years  the 

coal-dust  question  has  received  great  attention,   and  in  certain 

States  watering   or   sprinkling   has   been   made   compulsory   by 

law.        At  a  great  many   mines,    in   all  parts   of  the   country, 

sprinkling  has,  in  addition,  been  carried  on  voluntarily.     The 

following    is    a    copy    of    the    Utah    mining    law    relating    to 

sprinkling :  — 

"  1516  :  Water  System. — Every  owner,  agent,  manager,  or  lessee  of  mines 
within  the  State  of  Utah  shall  provide  and  maintain  a  water  system  for  the 
purpose  of  conducting  water  to  the  face  of  each  and  every  working-place,  and 
throughout  the  entire  open  part  of  the  mine,  in  sufficient  quantities  for  sprinkling 
purposes  to  wet  down  the  dust  that  shall  arise  and  accumulate  in  and  around  the 
mine,  provided  that  in  mines  or  parts  of  mines  where,  by  reason  of  the  natural  wet 
conditions,  or  the  moisture  derived  from  the  introduction  of  steam  into  the  air- 
currents,  or  both,  such  sprinkling  may  not  be  necessary.  And  it  shall  be  the  duty 
of  the  superintendent,  mine  foreman,  and  inspector  to  see  to  it  that  this  is  done." 

In  the  State  of  Utah  about  2-5  men  per  1,000  tons  of  output 
are  employed  in  sprinkling,  and  the  cost  runs  from  fd.  to  §d.  (1| 
to  If  cents)  per  ton,  including  supplies,  repairs,  etc.  The  roof, 
floor,  and  sides  are  sprinkled  by  means  of  hose  and  nozzle,  and 
during  the  winter  nights,  which  are  very  cold,  steam  is  intro- 
duced into  the  intake  air. 

Dust-explosion  Phenomena. — A  phenomenon  in  connexion 
with  the  Cokedale  (Colorado)  explosion  in  the  year  1911,  which 
does  not  appear  to  have  been  cleared  up,  is  that  two  miners,  who 
were  the  only  men  able  to  escape,  were  in  a  travelling-road  on 
their  way  out  at  the  time  of  the  explosion,  and  they  felt  a  rush 
of  cold  air  come  in-bye  which  blew  out  their  lights,  and  was 
immediately  followed  by  a  hot  blast  travelling  out-bye  which 
knocked  them  down.  The  Cokedale  Seam  crops  out  at  the 
surface,  and  the  main  haulage-road,  from  the  mouth  of  which 
the  explosion  burst  with  great  violence,  is  driven  in  from  north 
to  south ;  the  travelling-way  referred  to  is  at  right  angles  to  the 
main  haulage-road  and  is  driven  in  from  east  to  west.  Both  are 
intakes,  and  there  is  a  distance  of  about  half-a-mile  around  a 
hill  on  the  surface  between  the  two  openings. 

At  the  second  Lick  Branch  explosion  (West  Virginia),  in 
the  year  1909,  the  mine  foreman  was  travelling  out-bye,  with 
another  man,  at  the  time  of  the  explosion,  being  then  about  400 
feet  from  the  mouth  of  the  mine.  The  foreman  stated  that  the 
iirst  intimation  that  he  had  of  something  being  wrong  was  a 
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blast  of  cold  air  rushing  in-bye,  which  knocked  him  down  and 
broke  two  of  his  ribs:  and  then  followed  a  hot  blast  from  the 
interior  of  the  mine.  The  foreman  was  able  to  crawl  a  distance 
of  200  feet,  and  was  rescued;   but  his  comrade  lost  his  life. 

It  is  urged  by  Mr.  John  Yerner,  of  Iowa,  that  there  are 
always  two  movements  of  the  air  in  an  explosion,  one  away  from 
the  centre  of  disturbance  and  one  towards  it,  the  latter  being 
termed  the  counter-current.  The  suggestion  has  been  made 
that  the  power  of  the  counter-current  or  draught  raises  the 
dust  and  injects  it  into  the  flame  for  its  propagation.  It  is 
claimed  that  in  the  absence  of  draught  the  presence  of  smoke 
would  be  as  pronounced  ahead  of  the  flame  as  the  presence  of 
smoke  behind  it,  and  in  that  case  the  flame  would  be  rapidly 
extinguished. 

In  the  State  of  Iowa  the  practice  of  stopping  the  fan  during 
shot-firing  was  first  advocated  about  ten  years  ago,  and  has  since 
become  fairly  general  in  that  State,  where  the  mines  are  not 
usually  gaseous.  This  action  is  to  prevent  as  far  as  possible  a 
strong  draught  of  air,  which  is  considered  as  great  a  menace  as 
the  presence  of  coal-dust.  In  addition  to  stopping  the  fan,  the 
intake  or  return  has,  in  some  instances,  been  closed  in  order  to 
prevent  natural  ventilation. 

One  mine  superintendent  in  Colorado  has  repeatedly  stated 
that  there  were  never  any  severe  coal-dust  explosions  in  that 
State  before  laws  made  larger  fans  and  greater  volumes  of  fresh 
air  compulsory.  The  popular  demand  arose  of  "fresh  air  for  the 
miner,"  and  that  is  still  the  crj-  to-day  in  the  open-light  mines 
where  gas  is  never  found.  In  early  days  miners  fired  their  own 
shots,  at  any  time  of  the  day,  and  blasted  off  the  solid ;  black 
powder  was  used  with  coal-dust  tamping,  and  blown-out  shots 
were  frequent.  Whether  the  factor  causing  prevention  of  dust- 
ignition  or  explosion  propagation  was  lack  of  draught  facilities, 
or  oxygen  deficiency  with  the  presence  of  carbon  dioxide,  can 
only  be  a  matter  of  opinion,  as  the  chemist  has  but  recently 
played  any  part  in  connexion  with  mine  ventilation. 

During  recent  years  disastrous  coal-dust  explosions  have 
been  frequent  in  the  coking-coal  mines  located  in  the  eastern 
foothills  of  the  Rocky  Mountains,  at  an  altitude  of  6,000  and 
7.000  feet  above  sea-level :  but  dust  explosions  in  the  lignite  and 
sub-bituminous   mines  are  practically  unknown.     The  so-called 
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lignite  coals  of  the  West  are  not  brown,  but  black  and  glossy. 
They  contain  comparatively  high  percentages  of  volatile  matter, 
and  are  favourite  house-coals,  being  easy  to  light  and  making 
little,  if  any,  soot.  The  lignite-mines  are  subject  to  gob-fires, 
but  such  fires  seldom,  if  ever,  occur  in  the  coking-coal  mines. 

Moistening. — Moistening  of  the  intake  air  has  been 
extensively  adopted,  but  its  advocates  are  split  into  two  schools. 
One  demands  that  a  blowing  fan  shall  be  used,  and  the  ingoing 
air  saturated  with  live  or  exhaust-steam,  and  that  the  airway 
shall  not  be  used  for  travel  or  haulage  except  in  case  of  inspec- 
tion or  repair.  This  makes  the  haulage-way  the  main  return, 
and  renders  it  free  from  mist  or  fog,  so  objectionable  in  work- 
ing-places, manways,  or  haulage-roads.  It  is  stated,  on  the 
other  hand,  that  there  is  no  objection  to  the  intake  airway  being 
the  main  haulage  and  travelling-way ;  and,  so  as  to  avoid  the 
presence  of  fog,  radiators  composed  of  nine  steam-pipes,  each 
1  inch  in  diameter  and  100  feet  long,  are  placed  on  both  sides  of 
the  haulage-way.  Live  steam  is  passed  through  these  radiators, 
and  any  waste-steam  which  is  discharged  is  conducted  through  a 
1-inch  gate-valve  to  perforated  pipes  carried  along  the  roof,  near 
the  rib,  on  both  sides.  Attached  to  these  perforated  pipes  are 
curtains  of  brattice-cloth,  the  purpose  of  which  is  to  condense  the 
steam  and  allow  the  air-current  to  pick  up  moisture  from  the  wet 
cloth.  As  the  air  passes  the  radiators,  it  is  heated,  and  its 
capacity  to  absorb  moisture  correspondingly  increased ;  it  then 
passes  the  saturated  curtains,  which  hang  down  on  both  sides  for 
a  distance  of  50  to  100  feet,  and  it  is  claimed  that  its  humidity 
is  raised  to  dew-point.  The  air  usually  reaches  the  in-bye  end 
of  the  brattice-cloths  at  a  temperature  of  70°  Fahr.  in  the  winter 
time;  and  as  the  air-current  passes  through  the  mine  a  deposit 
of  moisture  is  said  to  be  secured  by  the  lowering  of  the  tempera- 
ture of  the  air  to  that  of  the  mine.  The  wet-curtain  method  is 
in  use  at  a  number  of  mines  in  Colorado  where  the  climate  is 
exceptionally  dry. 

The  advocates  of  moistening  in  West  Virginia  contend 
that  the  object  of  saturating  a  mine  atmosphere  with  water- 
vapour  is  not  for  the  purpose  of  furnishing  the  water  for  wetting 
the  mine,  as  is  sometimes  supposed,  but  for  preventing  the 
evaporation  of  such  water  as  is  naturally  there,  or  such  as  has 
artificially    been    supplied.        Also,    that    danger    to    health    on 
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account  of  highly  humidified  mine  atmospheres  is  not  appre- 
hended on  account  of  the  generally  low  temperatures  of  the 
mines,  which  seldom  exceed  60°  Fahr.  It  is  also  stated  that  no 
dangerous  mine-roof  conditions  have  been  created  by  the  intro- 
duction of  steam  into  the  air-currents,  and  that  subsequent  to  the 
time  when  it  was  first  used  two  severe  explosions  of  gas  have 
occurred,  each  of  which  was  violent  locally,  but  did  not  propa- 
gate beyond  the  gas  area.  The  conditions  for  a  disastrous  coal- 
dust  explosion  were  considered  favourable,  but  both  mines  had 


Fig.  5.  -  Gathering  Adobe  Dust  from  the  Country  Roads  in  Colorado. 


been  furnished  continuously  with  air  saturated  by  exhaust-steam 
for  some  time  previously,  and  the  fact  that  the  propagation  did 
not  extend  over  a  large  area  is  attributed  to  this  precaution. 

The  original  opinion  that  moistening  might  be  valuable  was 
probably  fostered  by  the  fact  that  dust  explosions  have  occurred 
more  frequently  in  winter  than  in  summer.  The  outside  air 
temperature  in  the  summer  is  high,  and  during  this  season  of  the 
pear  "sweating"  is  noticeable  in  many  of  the  mines.  As  the 
warm  air  comes  into  contact  with  the  cool  walls  of  the  mines,  it 
deposits  part  of  its  moisture. 
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The  maximum  mine  temperature  at  which  the  humidifying 
method  would  be  considered  effectual,  and  allowable,  has  not 
been  determined. 

The  Use  of  Stone-dust. — At  a  mine  in  the  State  of  Colorado 
adobe  dust  (Fig.  5)  has  been  applied  over  4  miles  of  entries, 
but  up  to  the  present  has  not  been  used  at  the  face  of  working- 
places.  Firedamp  seldom  occurs,  and  then  only  in  small 
quantities.  The  coal  is  undermined  and  blasted  with  per- 
missible  explosives ;   special   shot-firers   are   employed   who   con- 


Fig.  6. — Stone-dust  Distributing  Machine. 

demn  all  shots  drilled  in  the  solid,  or  drilled  deeper  than  the 
undermining,  and  commence  firing  after  the  miners  have  left 
the  mine.  Efforts  are  made  to  keep  the  principal  roads  clean, 
and  free  from  accumulations  of  the  small  coal  and  coal-dust 
which  falls  from  the  end-gate  cars.  Occasionally  water  is 
sprinkled  between  the  rails,  where  the  roof  and  sides  are 
covered  with  adobe  dust.  About  three  times  a  month  all  sur- 
faces of  the  haulage-ways  receive  a  cover,  or  coating,  of  adobe 
dust,  which  is  applied  by  machine.  This  dust-distributor  (Fig. 
6)  is  composed  of  a  small  Roots  blower,  belt-driven  from  a  •'!- 
horsepower     direct-current     motor    taking    current    through     a 
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Fig.  7.  — Stone-dust  Distributing  Train. 


Fig.  8. — Shelves  along  Haulage-ways  loaded  with  Stune-dust. 
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trolley-pole,  the  whole,  with  dust-hopper,  being  carried  on  a 
truck  that  measures  about  9  feet  by  3.  The  quantity  of 
dust  which  the  machine  will  blow,  or  distribute,  is  100  pounds 
in  10  minutes.  The  finer  particles  of  dust  propelled  from  the 
blower  have  been  seen  travelling  in  thick  clouds  for  a  distance 
of  over  half-a-mile  when  the  air-current  was  moving  at  a  speed 
of  300  feet  per  minute;  and  thinner  clouds  of  dust  have  been 
visible  in  the  working-places  over  a  mile  away  from  the  machine. 

The  dust-distributing  train  (Fig.  T)  consists  of  a  locomotive, 
a  2-ton  mine-car  containing  dust,  and  the  machine.  Two  men 
are  employed,  one  on  the  locomotive  and  the  other  in  feeding  the 
machine  and  handling  the  hose,  which  is  attached  to  an  ejector 
on  the  under  side  of  the  hopper.  The  train  seldom  stops,  but 
proceeds  at  a  slow  pace  while  the  man  at  the  hose  sprays  the 
heading  from  side  to  side  and  also  the  roof.  In  this  way  over 
2  miles  of  entries  or- haulage-ways  can  be  covered  in  a  night, 
and  it  is  interesting  to  notice  that,  after  treatment  of  this  kind, 
entries  driven  through  solid  coal  resemble  rock  tunnels. 

In  addition  to  dust  distributed  in  this  manner,  all  ledges, 
holes,  and  natural  projections  along  the  entries  are  cleared  of 
coal-dust  and  filled  with  adobe  dust  by  hand.  Hundreds  of 
shelves  (Figs.  8  and  9)  are  also  strung  along  the  haulage-ways 
and  loaded  with  adobe  dust,  and  the  upper  sides  of  all  roof- 
timbers  are  also  covered.  All  shelves  which  have  been  erected 
recently  are  practically  fireproof,  being  covered  on  the  under- 
sides with  thin  sheet-iron. 

Through  the  kindness  of  Dr.  W.  E.  Garforth,  the  adobe  dust 
has  been  microscopically  examined  by  Mr.  H.  Crowther,  and 
compared  with  the  dust  used  at  Altofts.  The  specific  gravities 
and  the  solubilities  in  several  fluids  of  the  two  dusts  are  re- 
corded in  the  following:  table  : — 


Dust. 

Specific 
Gravity. 

Percentage 
of  Magnetic 

Particles. 

Solubility  in 

Distilled 
Water 

Dilute 

Hyl'ochloric 

Acid. 

Digestive 

Fluid. 

Altofts  shale 

Adobe     

2-6s              2-70             2186 
2-77              0-50             4-586 

6-886 
9-336 

2-557 
4-591 

It  will  be  seen  that  the  adobe  dust  has  a  high  ratio  of  solubil- 
ity, and  were  this  point  alone  considered  it  would  be  most  suit- 
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Fig.  9.  —Adobe  Dust  ox  Shelves  hanging  from  the  Roof  where  the 
Height  permits. 


Fig.  10.  —Dumping  the  Contents  of  the  End-gate  Tcb  (capacity,  2  tons). 
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able  for  dusting  a  mine.  The  microscope  shows  that  it  con- 
tains two  kinds  of  siliceous  particles,  one  consisting  of  flakes  of 
clay  and  the  other  of  rounded  grains  of  quartz  with  few  cut- 
ting edges.  The  former  are  composed  of  silicate  of  alumina, 
which  contains  also  traces  of  mica,  limestone,  and  oxides  of 
iron.  The  dust  is  inert,  and  contains  no  substance  which  would 
give  off  any  injurious  gases  or  fumes.  It  has  been  decided  to 
erect  a  mill  for  the  purpose  of  reducing  roof-shales  to  dust  for 
use  in  the  mines  at  a  later  date.  The  microscope  shows  these 
shales  to  be  quite  suitable  for  the  purpose. 

The  Root  of  the  Evil. — The  wooden  end-gate  mine  tub  (Fig. 
10)  is  the  chief  cause  of  the  presence  of  coal-dust  on  nearly  all 
the  haulage-roads  in  the  country,  the  small  coal  which  falls 
through  the  bottom,  sides,  and  ends  of  the  tubs  being  quickly 
reduced  to  powder  by  the  traffic.  The  removal  of  all  dust  is  im- 
possible, but  with  the  introduction  of  dust-proof  tubs  and  rotary 
dumps  or  tipplers,  the  application  of  stone-dust  can  be  made 
more  effectual,  for  the  amount  of  dangerous  dust  to  be  diluted 
is  trifling  compared  with  the  quantity  always  in  evidence  where 
the  end-gate  tub  is  in  use. 


The  Chairman  (Mr.  John  Simpson)  proposed  a  vote  of  thanks 
to  Mr.  Dean  for  his  paper,  which  was  adopted. 


Prof.  W.  M.  Thornton  read  the  following  paper  on  "The 
Comparative  Inflammability  of  Mixtures  of  Pit-gas  and  Air, 
ignited  by  Momentary  Electric  Arcs  "  :  — 
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THE  COMPARATIVE  INFLAMMABILITY  OF  MIXTURES 
OF  PIT-GAS  AND  AIR,  IGNITED  BY  MOMENTARY 
ELECTRIC  ARCS. 


By  Prof.  W.  M.  THORNTON. 


Introduction. — In  the  British  coal-fields  natural  pit-gas  is 
chiefly  composed  of  methane,  with  smaller  quantities  of  the 
higher  paraffins,  and  some  nitrogen.*  In  preliminary  experi- 
ments on  fire-damp,  such,  for  example,  as  the  determination  of 
the  lower  limit  of  inflammability,!  it  is  usual  to  work  with 
methane  as  nearly  pure  as  possible,  for  natural  pit-gas  is  not 
always  to  be  had  in  sufficient  quantity  for  lengthy  trials.  The 
lower  limit  of  explosive  inflammability,  that  is,  the  percentage 
of  gas  in  air  which  is  able  to  transmit  an  explosive  wave  indefin- 
itely by  "  self-ignition,"  has  been  worked  out  by  M.  J.  Burgess 
and  R.  V.  Wheeler  for  the  paraffin  series  as  far  as  pentane,  and 
found  to  vary  inversely  with  the  heat  of  combustion  of  the  gas.J 
The  lower  limit  for  hydrogen  is  higher  than  for  any  of  the  para- 
ffins, and  if  present  may  raise  rather  than  lower  the  lower  limit- 
ing percentage.  The  upper  limit  of  inflammability,  on  account 
of  its  less  urgent  importance,  has  not  been  so  fully  examined, 
but  it  no  doubt  depends  upon  the  quantity  of  air  required  for 
complete  combustion.  For  example,  hydrogen,  which  requires 
only  half  its  volume  of  oxygen  for  perfect  combustion,  is  inflam- 
mable in  mixtures  up  to  72  per  cent,  in  air ;  whilst  methane, 
which  requires  four  times  its  volume  of  oxygen,  has  an  upper 
limit  a  little  below  14  per  cent,  in  air. 

The  present  paper  is  an  examination  of  the  inflammability 
of  two  samples  of  pit-gas,  obtained  from  a  gassy  seam  at  Eldon, 
County  Durham,  by  the  kind  co-operation  of  Mr.  M.  H.  Kellett. 
The  analyses,  for  which  the  writer  is  indebted  to  Dr.  John 
Harger,  are  as  recorded  in  Table  I.  From  the  explosion  data 
the  combustible  gas  is  seen  to  be  nearly  pure  methane. 

*  See  "  Fire-damp:  Its  Composition,  Detection,  and  Estimation,"  by  Thomas 
Gray,  Trans.  Inst.  M.  E.,  1910,  vol.  xxxix.,  page  '286. 

t  "  The  Lower  Limit  of  Inflammation  of  Mixtures  of  the  Paraffin  Hydro- 
carbons with  Air,"  by  M.  J.  Burgess  and  R.  V.  Wheeler,  Journal  of  the  Chemical 
Society,  Transactions,  1911,  vol.  xcix.,  page  2013. 

J  hoc.  cit. 
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Table  I. — Analyses  of  Pit-oases. 


Description. 

.Sample  No.  1.               Sample  No.  2. 

Combustible  gas... 

Oxygen     

Nitrogen  ... 

n  in  C,(  H2,(+2,  from  explosion  data   ... 

Per  cent. 
87-4 
0-2 
12-2 
1-02 

Per  cent. 
93-3 

o-o 

6-5 
1-11 

The  gases  were  examined  under  the  same  conditions,  and  by 
the  same  method,  as  in  the  paper  on  this  subject  previously  com- 
municated to  the  Institute.*  The  chief  points  then  established 
were  the  relation  between  the  voltage  and  the  least  current 
required  to  ignite  the  gas,  both  when  the  current  was  continuous 
and  when  alternating ;  the  influence  of  higher  frequency  in 
retarding  ignition ;  and  the  comparative  inflammability  of 
different  percentage  mixtures.  In  the  present  experiments 
attention  has  been  confined  to  these  points. 

Experiments  using  Continuous  Current:^  (1)  Least  Igniting 
Currents  at  Different  Voltages. — In  the  following  experiments  the 
electric  circuits  were  always  non-inductive,  that  is,  they  had  a 
power-factor  of  not  less  than  '095  when  the  currents  were 
changed  to  alternating.  The  least  currents  which  just  ignited  a 
9'5-per-cent.  mixture  of  pit-gas  and  air  were  found  to  be  as  in 
Table  II.,  when  the  poles  were  of  iron  and  copper  respectively. 


Table  II. 


-Least  Continuous  Currents  in  Amperes  to  Ignite 
Pit-gas  at  Break. 


Poles 

Volts. 

50                 100 

200 

300                400                 500 

Copper    ... 
Iron 

Amperes.     Amperes. 

4-0           1-30 
7  "3           1  -82 

Amperes. 
0-44 

0-96 

Amperes. 
0-22 

0-57 

Ampjres.     Amperes. 

0-16         0-15 
0-31     '     0-15 

These  values  are  shown  graphically  in  Fig.  1,  which  may  be 
compared  with  Fig.  3  of  the  previous  paper.  +  The  curves  for 
the  methane  then  used  are  also  given  for  comparison.     The  pit- 

*  "The  Ignition  of  Coal-gas  and  Methane  by  Momentary  Electric  Arcs,''  by 
W.  M.  Thornton,  Trans.  Inst.  M.  E.,  1912,  vol  xliv.,  page  145. 

t  The  International  Commission  on  Electrical  Units  has  recommended  the  use 
of  the  title  "  Continuous, "  instead  of  "  Direct,"  for  currents  which  are  undirec- 
tional,  not  alternating,  and  this  term  has  been  employed  in  this  paper. 

%  Ibid.,  page  151. 

Q 

TOL.  LX1V.— 1913-1914.  " 
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gas  is  clearly  less  inflammable  than  the  methane,  and  for  the 
following  reason  :  — The  mixture  as  made  contains  9'5  per  cent, 
of  combustible  gas,  but  it  was  diluted  to  this  by  the  addition  of 
air  alone;  since,  however,  the  natural  gas  had  from  6  to  12  per 
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Fig.   1. — Variation  of  Least  Continuous  Igniting  Currents  with  Voltage. 
9*5  per  cent.  of  gas  in  alr.      methane  curves  from  previous  paper. 

cent,  of  nitrogen  present,  the  oxygen  was  relatively  diminished. 
If  the  oxygen  and  nitrogen  present  in  the  sample  had  had  the 
same  proportions  as  in  air,  19  per  cent,  of  oxygen  would  have 
been  present  in  the  mixture  as  made,  with  9'5  per  cent,  of  com- 
bustible gas.  The  influence  of  the  greater  proportion  of  nitrogen 
(12'2  per  cent,  of  nitrogen  to  0'2  per  cent,  of  oxygen)  is  to  lower 
this  to  18'7  per  cent. ;  and,  since  the  reduction  of  oxygen  by 
means  of  an  inert  gas  to  17  per  cent,  is  sufficient  to  hinder  greatly, 
if  not  to  prevent  entirely,*  the  inflammation  of  methane,  the 


*See  "The  Prevention  of  Explosions  in  Mines,"  by  Dr.  John  Harger,  Trans 
Inst.  .1/.  E.,  J912,  vol.  xliii.,  page  132. 
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difference  between  the  curves  for  methane  and  pit-gas  is  perhaps 
not  more  than  might  be  expected.  This  difference  is  made  fur- 
ther evident  when  the  percentage  of  gas  is  varied. 

(2)  Least  Igniting  Current  in  Mixtures  of  Varied  Strengths, 
Circuit  Voltage  Constant.- — The  first  measurements  under  this 
head  were  made  with  the  circuit  voltage  of  50  throughout.  Only 
pit-gas  Xo.  1  and  a  control  gas  of  very  pure  methane,  obtained 
from  the  distillation  of  Trinidad  pitch,*  were  examined  at  this 
voltage.  Xo  ignition  could  be  obtained  at  or  below  4-5  per  cent., 
or  above  14  per  cent.  With  regard  to  the  lower  limit,  it  is 
almost  always  possible  to  ignite  methane  at  5  per  cent,  by 
these  break-arcs  when  the  current  is  continuous,  though  not 
when  it  is  alternating, t  with  an  explosion  such  that  a  plug 
of  cotton-wool  packed  into  a  ^-inch  outlet  tube  in  the  explosion- 
vesselj  is  blown  out.  It  is  equally  certain  that  such  an  ignition 
would  not  be  able  to  progress  by  "self-ignition"  in  a  larger 
space,  and  the  limit  of  5"6  per  cent,  given  by  Burgess  and 
Wheeler  is  no  doubt  very  close  to  the  true  explosion-limit. 
There  is,  however,  in  coal-mining  always  the  possibility  of  a 
small  pocket  of  gas  being  ignited  and  firing  coal-dust,  under  con- 
ditions favourable  to  such  a  sequence  of  ignitions,  and  the  values 
indicated  in  this  paper  by  the  position  of  the  curves  should  be 
regarded  as  the  limits  of  such  "  inflammations  "  by  break-arcs,, 
rather  than  of  true  explosion.  The  results  were  as  recorded  in 
Table  III.  The  higher  the  value  of  the  current,  the  more 
difficult  the  gas  is  to  ignite. 


Table  III.  (Fig.  2). 
Gas  varied. 


-Least  Igniting  Currents,  in  Amperes.     Percentage  of 
Iron  Poles.     Continuous  Current,  50  Volts. 


Description 

of 

Gas  used. 

Percentage  of  Gas. 

5 

6               7               8               9 

1 

10 

n 

12 

13             14 

Pit-gas, 
Xo.  1 

Methane 

110 
5-4 

56 
3-75 

5  3      6-25        7  3 

1 
3-3      36          40 

8-3 
4-5 

9-4 
5-0 

11-25     14-4 
5-7       7-0 

21-0 
12-0 

*  "  A  Case  of  Gaseous  Explosion  Caused  by  the  Electric  Heating  of  Bitumen 
in  Cable  Troughs, '"by  Prof.  W.  M.  Thornton  and  Dr.  J.  A.  Smythe,  The  Electri 
1913,  vol.  lxxi.,  page  820. 

T"The  Ignition  of  Coal-gas  and  Methane   by  Momentary  Electric  Arcs," 
by  W.  M.  Thornton,  Trans.  Imt.  M.  E.,  1912,  vol.  xliv.,  fig.  13,  page  164. 

%  Ibid.,  fig.  1,  page  147. 
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The  ratios  of  pit-gas  to  methane  are  throughout  much  the 
same  as  in  Fig.  1.  The  methane  was  entirely  free  from  hydro- 
gen or  olefines,  and  the  explosion  data  show  that  no  higher  hydro- 
carbons were  present.  Part  of  the  coal-gas  curve  from  the  paper 
on  "  The  Ignition  of  Coal-gas  and  Methane  by  Momentary 
Electric  Arcs"  is  also  given,  and  the  straight  parts  of  the  three 
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Fig.  2.  —Least  Igniting  Currents.     50  Volts,  Continuous.     Iron  Poles. 
Methane  and  Coal-gas  Curves  from  Previous  Paper. 
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curves  of  Fig.  2  converge  to  a  point  at  about  1^  per  cent,  on  the 
base-line.  The  peculiar  and  practically  important  feature  of 
the  curves  is  the  rapid  transition  from  a  non-explosive  mixture, 
at  about  4'5  per  cent.,  to  that  most  easily  ignited,  at  6'5  per 
cent.,  in  the  case  of  the  pit-gas.  From  this  point  upwards  the 
currents  are  proportional  to  the  amount  of  gas.  This  straight 
part  is  observed  in  almost  all  the  inflammable  gases  examined. 
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A  circuit  voltage  of  100  being-  most  convenient  for  many 
purposes,  the  observations  on  the  influence"  of  varying-  the  per- 
centage of  gas  were  repeated  at  this  voltage,  all  other  factors 
being  the  same,  with  the  results  shown  in  Table  IT. 
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Fig.  3. — Least  Igniting  Currents.      100  Volts,  Continuous.     Iron  Poles. 
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Table  IV.   (Fig.  3).— Least  Igniting  Currents,  in  Amperes.      Percentage 
of  Gas  varied.     Iron  Poles.     Continuous  Current,  100  Volts. 


Description  of  Gas  used. 

Percentage  of  Gas. 

55 

2-6 

27 

6 

1-68 

28 

19 

7 

1-57 

20 
125 

8 

167 

1-8 
10 

9 

1-9 
1-9 
1-1 

10 

215 

21 
12 

11 

24 
24 
1-32 

12 

265 

26 

146 

13 

30 
30 
165 

135 

3-5 
3-5 
1-9 

14 

>5 
>5 
>5 

Pit-gas,  No.  1       

Pit-gas,  No.  2       

Methane 
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A  comparison  of  Figs.  2  and  3  slums  several  interesting- 
points.  The  curves  "are  of  the  same  shape,  with  straight  parts 
converging  on  a  point  between  1  and  2  per  cent,  on  the  lower 
axis.  From  9  per  cent,  upwards  the  two  pit-gases  are  identical; 
below  this  the  gas  with  least  nitrogen  is  the  most  easily  ignited, 
having  a  higher  calorific  value.  The  relative  position  of  the 
curves  is  unchanged,  that  of  methane  being  almost  midway  be- 
tween the  others.  The  most  inflammable  mixture  is  nearly  the 
same  at  each  voltage,  namely:  6'5  to  8'0  per  cent,  for  pit-gas 
Xo.  1,  7-0  to  8'0  per  cent,  for  methane,  and  9-0  per  cent,  for 
coal-gas. 

The  practical  conclusions  to  be  drawn  from  these  experiments 
with  continuous  currents  are:- — (1)  That  pit-gas,  if  it  contains 
nitrogen,  may  be  relatively  much  less  inflammable  than  methane, 
and  since,  in  actual  working,  the  nitrogen  is  swept  into  the  air 
of  the  mine  from  the  coal  equally  with  the  inflammable  gas, 
the  effect  is  the  same  as  that  which  results  from  reduction  of  the 
oxygen  percentage.  (2)  Above  about  9  per  cent,  of  gas  in  air 
differences  in  the  nitrogen  content  are  negligible  although 
this  gas  still  affects  the  magnitude  of  the  igniting  current.  (3)  A 
small  percentage  of  inert  gas  has  a  more  than  proportionate 
retarding  influence  on  the  ease  of  ignition,  for  the  presence 
of  over  50  per  cent,  of  hydrogen  (in  coal-gas)  only  lowers 
the  igniting  current  to  the  same  extent  as  it  is  raised  by  an 
increase  of  1*5  per  cent,  of  nitrogen.  This  has  some  bearing 
on  Dr.  John  Harger's  interesting  proposal  to  lessen  the  risk 
of  ignition  by  the  admission  of  inert  gas  into  the  downcast 
air,  and  he  has  himself  drawn  attention  to  the  sensitiveness  of 
the  ignition  of  methane  to  deficiency  of  oxygen.* 

The  mechanism  of  explosive  ignition  may  be  regarded,  in  all 
cases,  as  the  setting  up  of  a  wave  of  chemical  action,  which  is  self- 
progressive  by  reason  of  the  active  unbalanced  combination  pro- 
ceeding in  the  wave-front.  From  one  point  of  view,  all  chemical 
combination  is  the  electrical  coalescence  of  molecules  electrically 
unsaturated.  Such  an  unsaturated  state  can  be  produced  by 
collision  with  ions — molecules  carrying  an  electric  charge.  These 
ions  are  known  to  be  produced  in  electric  arcs,  in  flames,  in  the 
neighbourhood  of  incandescent  wires,  by  the  action  of  light,  and 

*"The  Prevention  of  Explosions  in  Mines,"  by  Dr.  John  Harger,  Toots. 
Inst.  M.E.,  1912,  vol.  xliii.,  table  i.,  page  132. 
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by  Rontgen  rays,  all  of  which  under  suitable  conditions  start 
gaseous  explosions.  The  most  derisive  indication,  that  in  a  par- 
ticular case  ignition  is  ionic  in  origin,  is  tli;it  the  critical  igniting 
current  should  be  exactly  proportional  to  the  percentage  of  gas 
present.  This  proportionality  is  the  most  striking  feature  of  the 
current-gas-percentage  curves  of  Figs.  'J  and  3.  With  regard  to 
the  lower  limit,  Burgess  and  Wheeler  have  shown,  as  previ- 
ously mentioned,  that  it  depends,  in  the  case  of  the  paraffin 
series,  upon  the  calorific  value  of  the  gas,  and  this  it  can 
also  be  shown  is  closely  related  to  the  ionization  produced  by 
any  of  the  usual  methods,  such  as  Rontgen  rays.  Figs.  2  and 
3  may  then  be  regarded  as  built  up  of  three  parts,  a  central 
straight  line  rising-  with  the  percentage  of  gas,  and  a  curved 
branch  at  each  end.  In  the  central  part  the  ionization  is  prob- 
ably caused  by  the  ejection  of  ions  or  corpuscles  from  the  poles 
under  the  influence  of  the  high  temperature  of  the  arc  and  the 
voltage-gradient  across  it.  In  the  lower  branch  the  ionization 
changes  type,  and  depends  more  upon  collision  started  thermally ; 
in  the  upper  branch  the  ionization  caused  by  any  spark  is 
insufficient  to  start  a  continued  explosion  without  the  reinforce- 
ment of  ions  produced  by  the  act  of  combination,  the  activity 
of  this  being'  reduced  by  the  lack  of  oxygen.  The  curves  of 
Figs.  2  and  3  reveal  how  the  sensitiveness  to  ignition  of  pit-gas 
changes  between  the  limiting  percentages  and  where  it  is  great- 
est. This  is  quite  distinct  from  the  violence  of  the  explosion, 
as  measured  by  the  rise  of  pressure ;  and  measurement  of  the 
least  igniting  current  would  appear  to  be  the  only  direct  means 
of  observing  the  sensitiveness  to  ignition  of  a  gaseous  mixture. 

Experiments  using  Alter  Hiding  Current:  (1)  Least  Igniting 
Currents  in  Mixtures  of  Varied  Strength,  Circuit  Voltage  and 
Frequency  Constant. — When  the  current  is  alternating,  its  limit- 
ing ignition  values  are  much  higher — for  example,  ll'O  amperes 
at  200  volts  and  36  periods  a  second,  as  compared  with  16  amperes 
at  100  volts  continuous  current.  So  great  an  increase  can  only 
arise  from  the  shorter  duration  of  alternating-current  arcs  as  the 
poles  are  separated,  a  larger  current  being  therefore  necessary  to 
give  the  required  initial  stimulus.  The  electrification  of  the 
gas  due  to  discharge  of  ions  from  the  poles  is  probably  great 
^Yith  these  large  currents  at  the  moment  of  formation ;  but,  since 
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the  field  is  reversed  every  lialf-period,  many  of  the  ions  are  drawn 
back  again  in  a  "  cup-and-ball  "  manner,  and  never  escape  from, 
the  immediate  neighbourhood  of  the  arc  while  it  lasts. 
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Paper. 
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The  relation  between  igniting  current  and  percentage  of  gas 
could  not  therefore  be  expected  to  show  the  same  straight  por- 
tion with  alternating  arcs  as  with  continuous  currents,  in  which 
ions,  once  formed,  are  accelerated  from  the  pole  by  the  gradient. 
In  the  case  of  one  of  the  gases  there  is  almost  perfect  symmetry 
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about  the  point  of  perfect  combustion,  in  the  other  a  little  dis- 
tortion similar  to  that  of  the  gases  in  Fig.  13  of  the  paper  on 
"The  Ignition  of  Coal-gas  and  Methane  by  Momentary  Electric 
Arcs,"  using  nickel  poles.  The  observations  were  as  recorded  in 
Table  V. 

Table  V.  (Fig.  4).— Least  Igniting  Currents,  in  Ahi-eres.  Percentage  of 
Gas  varied.  Iron  Poles.  Alternating  Current,  200  Volts,  36 
periods  a  Second. 


Description  of  Gas  used. 

Percentage  of  Gas. 

45 

>40 
>40 

5 
cO 

27 

6 

18-5 

171 

7          8 

17  5  14  6 
13  6  120 

9 

148 
115 

10 

145 
116 

li 

17  0 
12  9 

12 

20-0 
154 

13 

250 

22  0 

135 

32 
31 

Pit-gas,  No.  1        

Pit-gas,  No.  2       

From  the  curves  (Fig.  4)  pit-gas  No.  2  is  seen  to  be  nearly 
symmetrical  about  9*3  per  cent.  The  currents  necessary  to 
ignite  the  mixture  at  the  upper  and  lower  limits  are  great  com- 
pared with  the  continuous  currents,  and  this  may  account  for 
a  feeble  inflammation  produced  in  a  4'5-per-cent.  mixture  of 
pit-gas  No.  2.  The  currents  at  the  most  sensitive  points  are 
10  to  15  times  greater  than  with  continuous  electrical  pressures. 
There  can  be  no  doubt,  therefore,  that  the  use  of  alternating 
current  tends  to  safety  in  coal-mining,  so  far  as  there  is  risk  of 
ignition  by  simple  breaks  of  electric  cables,  or  in  electrical  sig- 
nalling, except  at  vibrating  contacts. 

It  may  be  remarked,  in  passing,  that  apart  from  its  test  of 
the  influence  of  percentages  of  gas.  the  electrical  method  of  exam- 
ining gases  is  more  and  not  less  sensitive  than  chemical  analysis 
in  showing  differences  in  composition.  The  ratio  of  percentage 
of  combustible  gas  in  pit-gases  Nos.  1  and  2  is  1"06,  whilst  that 
of  the  least  igniting  currents  for  the  same  gases  is  1*3. 

The  curves  of  pit-gas  No.  2  in  Fig.  4  are  nearly  cubics,  the 
mean  index  being  2'87/ — that  is,  the  increase  of  the  least  igniting- 
current  above  the  minimum  value  is  approximately  proportion- 
al to  the  cube  of  the  dilution  of  the  mixture  by  either  gas  or  air 
from  this  value.  This  may  be  otherwise  expressed  by  saying* 
that  the  difference  of  percentage  of  gas  reckoned  from  the  point 
of  perfect  combustion,  divided  by  the  cube-root  of  the  change  of 
igniting  current,  is  constant,  a  point  which  has  bearing  on  the 
theory  of  gaseous  ignitions  by  electric  sparks  or  arcs. 
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(9)  Influence  of  Frequency  on  Least  IgmUng  CurrerU.-One 

(2)  influence  oT  l        »  Drevious  investigation  with 

of  the  most  interesting  results  ot  tne  previous  b  # 

Ithane  was  the  influence  of  frequency,  illustrated  in  Fig.  1». 

This  work  was  repeated  with  Pit-gas3  using  the  same  machines 
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for  obtain^  the  current.    Two  sets  of  observations  were  made 

used  100  per  second. 


Trans.  Inst.  M.  E.,  1912,  vol.  xliv.,  page  167. 
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Takle  VI.  (Fig.  5). — Influence  of  Frequency  on  Least  Alternating 
Igniting  Current.     Iron  Poles.     Current  in  Amperes,  R.M.S. 


Frequency,  in 
Periods  per 

Voltage. 

Second. 

1«0 

200 

300 

400              500 

600 

7001 

800 

36 

15-7 

12-0 

10 -o 

9-0          8-4 

8-0 

6-8 

3  4 

80 

26  0 

21-0 

18-5 

16-8        15-6 

14-6 

130 

10-0 

100 

38-0 

28-0 

28-4 

22-6        21-2 

19-6 

17-0 

12-5 

AMPERES 


200        300 


400 


500 


900 


VOLTS.  R.M.S. 


Fig.  6.— Variation  of  Igniting  Current  with  Alternating  Voltage    and 
Frequency.     36,  80,  and  100  Periods  per  Second.     Copper  Poles. 
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Table  VII.  (Fig.  6). —  Influence  of  Frequency  on   Least  Alternating 
Igniting  Current.     Copper  Poles.     Current  in  Amperes,  R.M.S. 


Frequency,  in 

Periods  per 

Second. 

Voltage. 

100              200 

300               400 

500              600 

7C0              S00 

36 

SO 

100 

17-5 
26  0 

.38-0 

9-4 
18-5 
25-0 

7-2         6-2 
15-2        132 
21-0        18-8 

60 
1-2-0 
17-0 

60 
11 -0 

15-0 

5-4         2-8 

9-8         7-0 

12-3        S-2 

As  will  be  seen  from  Figs.  5  and  6,  the  influence  of  frequency 
is  much  the  same  in  pit-gas  as  in  coal-gas  and  methane;  but,  as 
in  the  previous  curves,  the  currents  are  uniformly  greater  in 
magnitude  with  pit-gas  than  with  either  of  the  others. 

In  the  absence  of  a  constant  and  representative  supply  of 
natural  pit-gas  for  testing  purposes  in  general,  it  is  at 
least  reassuring  to  know  that  experiments  made  with  methane 
are  witli  very  rare  exceptions  likely  to  be  on  the  safe  side  in 
regard  to  risk  of  ignition.  The  exceptions  are  those  pit-gases 
that  contain  large  fractions  of  ethane,  and  these  are  rare  in  Great 
Britain.  It  is  possible  that  our  immunity  from  severe  gas- 
explosions  is  owing  to  the  comparative  inertness  of  fire-damp, 
which  is  in  any  case  the  least  inflammable  of  the  natural  gases 
associated  with  coal. 


The  Chairman  (Mr.  John  Simpson)  proposed  a  vote  of  thanks 
to  Prof.  Thornton  for  his  paper,  which  was  heartily  accorded. 


The  Chairman  (Mr.  John  Simpson)  moved,  and  Mr.  C.  B. 
Palmer  seconded,  a  vote  of  thanks  to  the  Scrutineers  for  their 
services,   and  the  resolution  was  carried  unanimously. 


Mr.  W.  B.  Wilson  proposed,  and  Mr.  A.  M.  Terry  seconded, 
a  vote  of  thanks  to  the  President,  Yice-Presidents,  Councillors, 
and  Officers  for  their  services  during  the  past  year,  and  this 
resolution  was  cordially  adopted. 


Mr.  W.  B.  Wilson,  Jun.,  proposed,  and  Mr.  F.  L.  Booth 
seconded,  a  vote  of  thanks  to  the  representatives  of  the  Institute 
on  the  Council  of  The  Institution  of  Mining  Engineers  for  their 
services  during  the  past  year,  and  the  resolution  was  carried 
unanimously. 
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THENORTB  OF  ENGLAND  INSTITUTE  OF  MINING  \M> 
MECHANICAL  ENGINEERS 


EXCURSION  MEETING, 
Nenthead,  August  Sth,   1913. 


LEAD-MINES  AND  WORKS  OF  THE  VIEILLE 
MONTAGNE  ZINC  COMPANY. 

Nenthead  village  is  situated  on  Alston  Moor,  Cumberland, 
within  half-a-mile  of  the  point  where  the  three  counties  of 
Cumberland.  Durham,  and  Northumberland  meet,  and  within  5 
miles  of  the  source  of  the  River  South  Tyne.  It  stands  1,400  feet 
above  sea-level,  but  within  half-a-mile  to  the  east,  at  Killhope,  a 
height  of  2,000  feet  is  reached,  and  as  the  adit-levels  enter  the 
hillside  at  the  bottom  of  the  valley,  there  is  nearly  600  feet  of 
strata  above  the  workings. 

The  mines  have  been  worked  by  the  present  owners,  the 
Vieille  Montague  Zinc  Company,  of  Belgium,  since  the  year 
1890.  From  1882  until  1896  they  were  worked  by  the  Nenthead 
and  Tynedale  Company,  while  previous  to  the  year  1882  they  were 
worked  for  more  than  a  century  by  the  London  Lead  Company. 

In  1776,  the  Lords  of  the  Admiralty,  who  are  Lords  of  the 
Manor  of  Alston  Moor,  with  a  view  to  developing  the  mines,  com- 
menced a  level,  known  as  Nentforce  .Level,  the  starting  point  of 
which  was  Alston,  which  eventually  reached  the  centre  of  the 
Nenthead  mining  district.  Although  the  level  did  not  reveal 
many  new  veins,  it  has  proved  invaluable  as  a  means  of  unwater- 
ing  the  deeper  sills  of  the  mines,  the  outflow  being  close  to  Alston 
railway-station.  Shafts  have  been  sunk  at  different  points  from 
the  surface  to  this  level.  In  the  past  the  mines  have  been  worked 
for  lead-ore  only,  but  now  nine-tenths  of  the  output  consists  of 
zmc-ore  or  blende  and  the  remaining  tenth  lead-ore. 

The  main  veins  run  almost  due  east  and  west,  and  are  crossed 
at  frequent  intervals  by  north-and-south  veins  of  more  recent 
origin.  The  latter  are,  as  a  rule,  poorly  mineralized,  but  some- 
times contain  pockets  of  ore,  several  good  flata  having  been 
worked  close  to  the  point  of  intersection.    The  east-and-west  veins 
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usually  dip  northwards  at  a  gradient  of  80  to  90  degrees,  the 
throw  in  every  case  being  different,  varying  from  1  foot  in  some 
eases  to  as  much  as  60  feet  in  Archer's  Vein  at  the  Capeleleugh 
Mine.  Beginning  with  Brownleyhill  Vein,  the  northernmost  in 
the  royalty,  and  travelling  southwards  up  the  valley,  it  is  found 
that  the  up-cheek  of  that  vein  is  the  down-cheek  of  the  next 
(or  Gudhamgill)  vein,  and  soon.  The  veins  are  widest  in  the  hard 
strata— limestone,  "  hazels,"*  etc. — pinching  out  and  nearly 
disappearing  in  the  "  plate  "t  beds ;  consequently,  the  Great  Lime- 
stone, which  has  an  average  thickness  of  63  feet,  has  been  the 
most  productive  stratum  in  these  mines.  Unfortunately,  it  has 
been  to  a  great  extent  worked  out  in  past  years. 

The  principal  east-and-west  veins  at  present  being  worked 
are  Brownleyhill,  Gudhamgill,  Scaleburn,  Rampgill,  Barney 
Craig,  Middlecleugh  North,  Middlecleugh,  Middlecleugh  Second 
Sun,  Longcleugh,  Capeleleugh,  and  Archer's,  all  being  reached 
by  adit-levels  that  enter  the  hillside  at  the  bottom  of  the  valley. 
Barney  Craig  Vein  is  also  reached  by  an  adit-level  from  the 
neighbouring  valley  of  West  Allen,  Northumberland ;  but  the 
mine  is  connected  by  cross-cuts  to  Rampgill  Level,  and  all 
ore  is  brought  out  at  Nenthead.  With  the  exception  of  the 
Gudhamgill,  Rampgill,  and  Barney  Craig  Veins,  where  shafts 
have  been  sunk  and  the  deeper  sills  are  being  worked,  all  the 
workings  are  above  water-level. 

About  1\  miles  from  the  entrance  to  the  Rampgill  Mine,  :t 
shaft,  372  feet  deep,  has  been  sunk  from  the  "random"  of  the 
level  to  the  Scar  Limestone,  in  order  to  develop  the  deeper  sills. 
From  the  bottom  of  the  shaft  a  cross-cut  of  about  300  feet  was 
driven,  and  then  an  inclined  shaft,  330  feet  long  (equal  to  a 
perpendicular  depth  of  300  feet),  which  followed  the  vein,  was 
sunk  with  the  intention  of  prospecting  the  Whin  Sill.  When 
the  Tyne  Bottom  Limestone  was  reached  and  penetrated,  the 
Whin  Sill,  which  should  occur  immediately  below,  was  found  to 
be  absent,  and  in  its  place  were  a  number  of  thin  alternating  beds 
of  limestone,  hazel,  and  plate,  which,  according  to  the  general 
section,  should  follow  it.  Although  the  Whin  Sill  has  been 
proved  in  many  places  in  the  neighbourhood,  it  does  not  seem  to 
exist  in  the  Nenthead  district.  In  the  course  of  sinking,  it  was 
found  that  the  vein  had  split  up  into  numerous  strings,  which 

*  Hazel  —  a  tough  mixture  of  sandstone  and  shale. 
f  Plate— shale. 
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have  been  prospected  by  driving  in  them,  several  cross-cuts  also 
being  driven  both  on  the  southern  and  the  northern  Bides.  In 
the  bottom  cross-cut  it  was  found  thai  the  strings  contained 
mainly  carbonate  of  iron  and  calcite,  and  no  lead  or  zinc-die. 
The  lower  part  of  the  Rampgill  shaft  is  now  idle  and  partly 
full  of  water,  but  the  Slaty  Haze]  sill,  situated  270  feet  down 
the  shaft  from  the  horse-level,  is  still  being  worked.  Below 
the  horse-level  the  Quarry  Hazel,  the  Four-Fathoms  Limestone, 
the  Xattrass  Gill  Hazel,  and  the  Slaty  Hazel  are  productive  and 
well  mineralized. 

The  mineral  from  the  workings  below  the  water-level  in 
Rampgill  and  Barney  Craig  mines  is  filled  into  wagons,  run  to 
the  Rampgill  shaft,  and  hoisted  up  to  the  Rampgill  horse-level 
by  a  35-horsepower  double-acting  winding-engine.  It  is  then, 
with  the  mineral  from  the  workings  above  the  horse-level,  drawn 
to  the  surface,  in  trains  of  sometimes  as  many  as  twenty-five 
wagons,  by  a  12-horsepower  single-cylinder  petrol-driven  loco- 
motive. In  the  Capelcleugh  and  Middlecleugh  mines  the  mineral 
is  drawn  by  horses  to  the  dressing-floor ;  whilst  in  the  Gudhamgill 
and  Brownleyhill  mines,  which  are  situated  about  half-a-mile 
down  the  valley,  the  mineral  is  tipped  into  hoppers,  reloaded  into 
wagons,  and  drawn  to  the  dressing-floor,  as  required,  by  a  second 
12-horsepower  single-cylinder  petrol-driven  locomotive,  which  (on 
account  of  its  having  to  climb  a  steady  incline)  draws  only  about 
6  tons  of  crude  ore  per  journey. 

Very  little  pumping  is  required,  as  nearly  all  the  workings 
are  unwatered  by  the  levels,  which  slope  gradually  towards  the 
adit :  this  condition  also  facilitates  the  drawing  of  the  loaded 
trains  of  mineral.  Pumping  is  necessary  in  the  workings  below 
the  Rampgill  and  Barney  Craig  adit-levels,  the  Mammoth  system 
being  employed.  In  this  system  compressed  air  is  admitted  at 
the  bottom  of  a  vertical  pipe-line  immersed  in  water,  the  com- 
pressed air  rising  and  carrying  with  it  an  ascending  column  of 
water.  In  the  Rampgill  shaft  the  operation  is  carried  out  in  two 
stages,  the  first  by  2£-inch  pipes  to  a  44,000-gallon  tank  situated 
at  the  Nattrass  Gill  Hazel,  and  the  second  by  4-inch  pipes  to  the 
adit-level.  The  height  of  the  first  stage  is  141  feet,  and  of  the 
second  131  feet.  The  provision  of  the  44,000-gallon  tank  at  the 
Xattrass  Gill  Hazel  allows  of  pumping  being  stopped  from  2  p.m. 
on  Saturday  until  10  p.m.  on  Sunday.     The  system  requires  no 
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niacin  nei y  and  no  attendance,  and  on  an  average  5  cubic  metres  of 
compressed  air  is  sufficient  per  minute  to  pump  155  gallons  of 
water.  The  same  system  is  used  in  the  Barney  Craig  sump.  All 
the  necessary  pumping  is  carried  out  while  the  rock-drills  are  not 
working,  and,  thus,  by  avoiding  simultaneous  calls  on  the  com- 
pressed  air,  a  satisfactory  pressure  is  maintained. 

Drilling  is  performed  partly  by  hand  and  partly  by  means  of 
rock-drills  and  pneumatic  hammers,  rock-drills  being  used  for 
driving  forebreasts  and  in  very  hard  ground.  About  twenty-five 
machines  are  at  work,  comprising  McCulloch,  Rand,  and  Cherson 
rock-drills ;  Rex,  Leyner-Stoper,  and  Water  Lej'ner  pneumatic 
hammers,  which  work  on  columns  :  and  Flottmann,  Thunderbolt, 
New  Century,  and  Forster  pneumatic  hammers,  which  are  manual 
machines.  The  consumption  of  compressed  air  is  about  500,000 
cubic  feet  per  working  day  of  16  hours,  or  nearly  31,000  cubic 
feet  an  hour.  The  drills  are  sharpened  with  a  Leyner  sharpen- 
ing machine,  driven  by  compressed  air. 

Until  within  recent  years  a  McCulloch  compressor,  which 
produced  20  cubic  metres  of  air  per  minute,  and  five  small 
Schramm  compressors,  which  produced  about  35  cubic  metres  per 
minute,  were  used,  the  former  being  driven  by  a  250-horsepower 
Lancashire  boiler  and  the  latter  by  six  Robey  boilers.  This  steam- 
driven  plant,  although  kept  in  repair  for  use  in  cases  of  emergency, 
has  been  gradually  superseded  by  compressors  driven  by  Pelton 
wheels,  installed  at  the  bottom  of  two  of  the  shafts,  so  as  to  gain 
fall  and  pressure.  The  plant  consists  of  one  Schramm  compressor 
producing  6  cubic  metres  per  minute,  one  Cranston  compressor 
producing  5  cubic  metres  per  minute,  one  Ingersoll  compressor 
producing  5  cubic  metres  per  minute,  and  a  hydraulic  compressor, 
which  is  worked  as  follows:  — 

Water  is  obtained  from  three  reservoirs  on  the  hills  surround- 
ing Xenthead,  containing  16,500,000,  3,750,000,  and  2,600,000 
gallons  respectively.  The  last-named  reservoir  is  situated  in 
West  Allen,  and  drives  the  Ingersoll  compressor  in  the  Barney 
Craig  mine.  The  water  from  the  other  two  reservoirs  is  conveyed 
in  pipe-lines  to  the  top  of  the  Brewery  shaft,  which  is  sunk  from 
the  surface,  and  has  a  total  depth  of  328  feet,  on  the  top  of  which 
a  water-tower  about  90  feet  high  has  been  erected.  The  water 
enters  a  vertical  pipe-line,  and  reaches  the  tower  by  its  own  effort 
to  find  its  level.     The  pipe-line  is  here  connected  by  a  bend  to  a 
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downfall  line,  also  in  the  tower,  near  the  top  of  which  line  is  a 
item  oi  boles  and  small  internal  pipes  which  admit  air.  A 
quantity  of  air  is  thus  sucked  in  by  the  descending  column  of 
water,  and  conveyed  to  the  bottom  of  the  shaft,  where  is  Hows  into 
a  bell-shaped  receptacle,  there  separating  from  the  water  and  ris- 
ing t<.  the  top  of  the  bell.  The  water  escapes  through  an  ascending 
pipe  in  the  shaft  to  a  height  of  about  200  feet,  and  creates  the 
back-pressure  necessary  to  compress  the  air  to  a  pressure  of  90 
pounds  per  square  inch.  The  water  from  this  third  pipe-line,  with 
its  fall  of  200  feet,  is  brought  down  another  pipe-line,  and  used  to 
drive  the  Schramm  compressor  at  the  bottom  of  the  Brewery  shaft, 
where  it  finds  a  natural  outlet  through  Nentforce  Level.  This 
hydraulic  eonipre>>or  produces  about  13  cubic  metres  of  air  for  a 
consumption  of  6  cubic  metres  of  water  per  minute. 

The  dressing-  works  are  situated  a  short  distance  from  the 
mines,  and  have  a  concentration  plant  capable  of  dealing  with  200 
tons  of  crude  ore  per  12  hours'  work.  The  installation,  although 
not  altogether  satisfactory  in  every  point,  is  yet  perhaps  the  most 
complete  and  up-to-date  of  its  kind  in  this  country,  and  is  con- 
stantly  undergoing  improvements.  It  was  erected  during  1909, 
and  commenced  working  in  July,  1910.  This  type  of  mill  turns 
the  crude  ore  into  a  marketable  product  in  -one  process,  the 
different  operations  following  each  other  automatically  and  with- 
out interruption.  To  this  effect,  the  necessary  machinery  has  been 
placed  in  one  building  of  five  floors,  made  throughout  of  strong- 
iron  framework  and  bricks.  The  ore  is  hoisted  70  feet  to  the 
top  floor  and  there  tipped  into  hoppers.  AVhilst  gravitating  from 
one  apparatus  to  another,  the  galena  and  blende  are  separated 
from  dead  rock,  gangue,  and  dirt,  and  concentrated  so  that  the 
percentage  of  lead  and  zinc  is  suitable  for  metallurgical  treatment. 
For  the  purpose  of  describing  the  process  three  departments 
might  be  distinguished,  namely,  the  hand-picking  and  coarse- 
crushing  department,  the  jig  department,  and  the  slime-house. 
In  the  hand-picking  and  coarse-crushing  department  all  pieces 
of  about  %  inch  cube  are  first  sorted,  in  order  to  eliminate  as  much 
clean  ore  and  refuse  as  possible  and  to  avoid  unnecessary  crushing. 
Ticking  takes  place  on  two  revolving  circular  tables,  one  of  which 
has  a  central  ring  shaft,  whilst  the  other  runs  on  wheels  driven 
by  gearing.  All  rock  mixed  with  ore  is  partly  broken  by  hand, 
and  partly  crushed  in  a  Blake-Marsden  stone-breaker,  tin-  small 
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sizes  being  reduced  in  three  sets  of  crushing-  rolls,  39,  34,  and 
30  inches  in  diameter  respectively.  The  material  is  crushed 
to  about  \  inch  cube  and  then  lifted  back  by  a  bucket-elevator  to 
the  fourth  floor,  where  it  joins  the  original  material  ot  about  % 

inch  cube.  ■, 

The  jig  department  occupies  the  first  and  second  floors,  and 
lts  products  are  stored  in  a  great  number  of  hoppers  standing  on 
the  gronnd  floor  underneath  the  jigs.     On  the  floors  above  the 
frn  are  conical  screening  trommels  of  various  types,  m  which 
eight  different  sizes  of  ore,  from  the  coarsest  to  the  finest    are 
produced,   so  as  to  feed  every  ,ig  with   its  proper  size.        lwo 
more  verv  fine  sizes  are  got  m  hydraulic  classifiers,  the  smallest 
size  washed  in  the  jigs  being  *  inch.       There  are  thirty-eight 
jigs  of  three,  four,  and  five  compartments,  eight  of  which  have 
lateral  outlets  for  coarse  grams,  whilst  the  rest  discharge  then- 
products  through  the  beds  and  bottoms  of  the  tubs.      Four  have  a 
knee-lever    motion,    the    others    being    excentric.        They    are 
arranged  in  three  sets  or  systems,  the  first  serving  for  the  pre- 
liminary  washing  of  the   material,    and  the   other  two     which 
comprise   twenty   jigs,    for   finishing   off   the   intermediate  pro- 
ducts of  that  washing.     The  first  washing  gives  galena,  a  little 
zinc  and  lead  middlings  (which  are  stored  and  dressed  up  from 
time  to  time),  two  sorts  of  blende,   a  great  quantity   of  mixed 
middlings  containing  some  zinc,  and  definite  refuse.     The  two 
auxiliary  systems  are  in  connexion  with  four  sets  of  fine-crushing 
rolls,  two  Huntington  mills,  and  a  new  Hardinge  conical  pebbU- 
mill,  the  latter  being  in  course  of  erection,  where  the  middlings 
ore  ground  to  a  sufficient  fineness  for  further  jig  work. 

The  .lime-house  possesses  all  the  machinery  necessary  tor 
the  treatment  of  the  fine  material  under  ^mch  contained  in  the 
original  ore,  and  the  large  amount  of  fine  sands  and  slimes  which 
are  inevitably  formed  during  the  crushing,  screening,  arid  jigging 
operation,,  'it  is  only  by  repeatedly  treating  the  intermediate 
products  that  it  is  possible  to  obtain  a  product  of  sufficient  con- 
centration for  the  market,  and  avoid  loss  in  the  waste  ine 
material  is  transported  to  the  slime-house  by  water  and  there 
allowed  to  settle  in  large  spitzkasten,  from  which  it  goes  to 
hydraulic  classifiers  in  order  to  give  every  slime-table  its  appro- 
priate size  of  feed.  There  are  forty-eight  tables  of  three  different 
types,  namely:  (1)  twenty-two  shaking  tabic  covered  with  lino- 
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Learn,  and  provided  with  wooden  riffles,  suspended  in  groups  of 
four  on  iron  supports  by  menus  of  springs,  and  on  these  tables 
the  tiue  hut  still  palpable  sands  are  washed;   (2)  ten  percussion 

tables  with  endless  indiarubber  belts,  erected  in  a  similar  way, 
for  washing  the  finer  sands  and  coarse  slimes;  and  (3)  sixteen 
circular  cement-covered  revolving  tables  from  13  to  16  feel  in 
diameter,  at  various  inclinations,  which  are  erected  in  pairs  on  a 
common  ring-shaft,  and  treat  the  very  finest  slimes.  The  slime 
installations  are  also  divided  into  a  main  system,  for  preliminary 
washing,  and  a  middling  system.  The  finished  galena  and  blende 
settle  in  tanks,  which  are  emptied  by  hand,  and  the  intermediate 
products  are  sent  back  to  the  spitzkasten  and  tables  by  centrifugal 
pumps.  In  close  proximity  to  the  slime-house  is  a  smaller  slime- 
treating  installation,  consisting  of  six  rapid  percussion-tables 
standing  on  springs,  and  four  rubber  vanners. 

A.8  a  scarcity  of  water  often  prevails  at  Nenthead,  the  water  is 
recovered  after  use,  and  used  over  and  over  again.  To  purity  I  be 
dirty  water,  it  is  pumped  into  an  outside  settling  spitzkasten  of 
large  dimensions,  from  which  the  clarified  overflow  goes  back  to 
the  jigs  and  tables.  The  deposit,  which  contains  an  appreciable 
quantity  of  mineral,  is  sent  back  to  the  slime-house. 

The  stones  picked  from  the  crude  ore,  and  the  refuse  separated 
from  it  by  the  jigs,  are  hoisted  by  a  two-cage  lift  to  the  top  floor 
of  the  building,  whence  they  go  to  the  waste-heap  by  an  aerial 
ropeway,  which,  together  with  the  two  lifts,  is  electrically  driven. 

The  marketable  products,  unless  too  wet,  are  also  lifted  to  the 
top  floor  and  stored  in  large  hoppers,  whence  the  carts  are  filled 
that  transport  them  to  the  railway-station. 

The  power  required  for  driving  the  installation  amounts  to 
325  horsepower,  and  is  generated  by  two  superheated  steam- 
engines  of  225  horsepower  each.  These  engines  are  of  the  loco- 
mobile type,  that  is,  the  two  cylinders  of  each  are  placed  immedi- 
ately above  the  boiler.  The  boilers  are  of  the  fire-tube  type  and 
designed  to  withstand  a  working  pressure  of  270  pounds,  but  are 
worked  at  a  pressure  of  about  180  pounds  per  square  inch.  The 
steam  is  superheated  to  570°  Fahr.  The  engines  are  fitted  with 
feed-heaters  and  jet-condensers,  and  the  air-pumps  are  directly 
driven  by  a  rod  from  the  crank-shafts.  The  distribution  of  the 
steam  is  by  the  Lentz  poppet  valve-gear,  which  has  proved  to  b-3 
of  the  highest  mechanical  efficiency.     These  valves  are  double- 
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seated,  and  arranged  horizontally,  under  the  cylinder  body, 
opposite  to  one  another,  and  are  actuated  by  a  cam-shaft,  with 
which  they  are  kept  in  tight  connexion  by  means  of  springs.  The 
distributing  shaft  is  directly  driven  from  the  excentric.  The 
lubrication  of  the  cylinders  is  by  automatic  oil-pumps.  The 
engines  give  satisfaction  in  every  respect,  and  are  very  economical 
with  regard  to  combustion  and  evaporation,  the  power  being 
generated  at  little  more  than  Jd.  per  horsepower-hour,  everything 
included.  One  engine  drives  the  main  plant  directly  by  trans- 
mission, and  the  other  a  three-phase  alternating-current  generator 
of  500  volts  and  250  amperes.  Several  more  or  less  independent 
installations  are  driven  by  separate  motors :  for  instance,  the 
hoists,  aerial  ropeway,  centrifugal  pumps,  weighing-machines, 
slime-tables,  etc.  For  lighting  purposes,  the  voltage  is  trans- 
formed down  to  120,  and  utilized  for  twelve  arc  and  several 
hundred  incandescent  lamps. 

In  winter,  the  steam  from  the  engines  is  used  in  a  system  of 
radiated  pipes  for  heating  the  whole  of  the  dressing  plant. 
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THE  STORTB  OF  ENGLAND  [NSTITTTTE  OF  MINING  \M> 
MECHANICAL   ENGINEERS. 


GENERAL  MEETING, 

Hki.h  in  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 

October   11th,  1913. 


Mr,  JOHN  SIMPSON,  Vice-President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  last  Genera]  Meeting 
I,ml  reported  the  proceedings  of  the  Council  at  their  meetings  on 
August  16th,  September  20th,  and  that  day,  and  of  the  Council 
ot   Id,,  [nstitution  of  Mining  Engineers  on  September  24th. 

The  following  gentlemen  were  elected,  have  been  previously 
nominated  : — - 

Members — 

Mr.  George  B.  Burchell,  Mining  Engineer,  505,  McGill  Building,  Montreal 
Ouebec,  Canada. 

Mr.  Frederick  James  Price,  Colliery  Manager,  Collie,  Western  Australia. 

Mr.  James  Edwabd  Riddle,  Colliery  Manager,  West  Denton  Colliery,  Scots- 
wood,  Northumberland. 

Mr.  Frederick    Horton    Wynne,    H.M.    Inspector   of   Mines,    2,    Pimlico 
Durham. 

Associate  Members— 
Mr.  William  Edwin  Gray,  17-19,  Archer  Street,  London,  N  W 
Mr.  Gordon  George  Thomas  Poole,  Tredon,  13,  Kent  Street,  Lincoln. 

Associate — 
Mr.  Federico  de  la  Cruz  v  Diaz,  Assistant  Mining  Engineer,   Minas  de 
Kibas,  Provincia  de  Gerona,  Spain. 

Student — 

Mr.  John  Payne  Gallwev,  Mining  Student,  Hylton  Colliery,  near  Sunder- 
land. 

G.  C.  GREENWELL  MEDAL. 

T!"'    Chairman    (Mr.    John    Simpson)   presented    the   G.    C. 

Ureenwel]  bronze  medal,  which  had  been  awarded  by  the  Council, 

"  Mr.   \\  .   Button   Eepplewhite,   M.M.  Inspector  of  Mines,  for 

to*  paper  on  "The  Action  and  Control  of  Differently  Constituted 

I  Oal-roofs." 
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THE  NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND 
M  ECHANICAL  ENGINEERS. 


GENERAL  MEETING, 

Held  in  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 

December  13th,   1913. 


Mr    W.  C.  BLACKETT,  President,  in  the  Chair. 


DEATH  OF  MR.  ADDISON  LANGHORNE  STEAVENSON. 

The  President  (Mr.  W.  C.  Blackett)  said  thai  his  first  duty 
that  day  was  to  present  to  the  members  a  vote  of  condolence  and 
sympathy  with  Mrs.  Steavenson  and  her  family  on  the  loss  of 
her  husband  and  their  old  friend,  Mr.  A.  L.  Steavenson.  It  was 
so  long  ago  as  1855  that  Mr.  Steavenson  first  became  a  member 
of  the  Institute,  and  it  was  twenty  years  exactly  since  he  was 
President.  For  considerably  over  fifty  years  lie  had  given  his 
services  ungrudgingly  to  the  Institute,  in  order  that  the  objects 
for  which  it  was  formed  should  be  consistently  carried  out,  and 
at  their  meetings  he  proved  himself  to  be  an  authority  upon 
almost  every  subject  that  came  up  for  discussion.  Only  a  very 
few  years  after  his  election,  he  read  a  paper  on  "  The  Manu- 
facture of  Coke  in  the  Newcastle  and  Durham  Districts."*  which 
still  stood  as  a  standard  article  to  this  day.  His  advice  and  views 
on  other  subjects,  such  as  the  ventilation  of  mines  and  the 
working  of  the  ironstone  mines  in  Cleveland,  were  always  looked 
forward  to  with  great  interest;  and  those  who  were  old  enough 
to  go  back  to  those  years — and  it  was  only  recently  that  he  gave 
up  attending  their  meetings — would  remember  how  most  inter- 
est in. y  his  remarks  were,  and  the  breezy  way  in  which  he  put 
forward  his  views.  If  lie  might  characterize  Mr.  Steavenson.  he 
would  term  him  a  most  fearless  exponent  of  accuracy  and  truth, 
and  a  most  enduring  friend  to  all  young  men. 

The  vote  was  passed  in  silence,  the  members  standing. 


Trans.  X.  K.  Inst.,  1860,  vol.  viii.,  page  109. 
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The  Secretaei  read  the  minutes  of  the  lasl  Genera]  Meeting, 
;,,h1  reported  the  proceedings  of  the  Counci]  al  their  meetings  on 
November  29th  and  thai  day. 


The  following  gentlemen  were  elected,  having  been  previously 
nominated  :  — 

Members — 
Mr.    William  Spenck  Hasuell,   Consulting  Engineer  ami  Agent,    Milburn 

House,  Newcastle. upon-Tyne. 
Mr.  Fkei.kruk    Georce    Moore,  Civil    Engineer,  Architect   and  Surveyor, 

9-10,  Fleet  Street,  Torquay. 
Mr.  James  Turnrull,  Colliery  Manager,  Oaktree  House,  Acomb,  Hexham. 
Mr.  John  Reginald  Str.vker  Wilson,  Engineer,  3,  St.  Nicholas'  Buildings, 

Newcastle-upon-Tyne. 

Associate  Members- 
Mi-.  HeruertMoroan,  H.M.  Sub-Inspector  of  Mines,  7,  Nelson  Road,  Dudley. 
Mr.  \\  in fred  Raine,  Inglewild,  Durham. 

Associates — 

Mr.   Mortimer   Ckoudace,   Colliery    (Jnder-manager,  Front  Street,   Pelton, 

County  Durham. 
Mr.  William  Goodin,    H.M.    Sub-Inspector  of   Mines,    11,  Emerald  Street, 

Saltburn-by-the-Sea. 
Mr.  Kenneth    Malculm    Guthrie,    Colliery    Overman,    c/o    Mrs.    Bolam, 

Ashfield,   Pelton,  County  Durham. 
-Mr.  Thomas   George    Kent,   Surveyor,   Washington    Colliery,    Washington 

Station,   County  Durham. 


DISCUSSION  OK  MR.  SAMUEL  DEAN'S  "NOTES  ON 
C0AL-ML\\L\(i  IN  THE  UNITED  STATES  OF 
AMERICA,  WITH  SPECIAL  REFERENCE  TO  THE 
TREATMENT  OF  COAL-DUST,  AND  HAULAGT  15V 
ELECTRIC  LOCOMOTIVES."* 

Mr.  James  Asiiwortii  (Vancouver)  wrote  that  lie  had  had  the 
pleasure  of  corresponding  with  Mr.  Dean,  and  assumed  that 
Delagua  Colliery  was  the  mine  referred  to  in  the  paper.  A,, 
output  of  6  long  tons  (2,240  pounds)  per  hewer,  and  of  415  tons 
per  employee,  was  certainly  a  good  record  from  a  seam  5  to  G  feet 
thick,  worked  on  the  room-and-pillar  method.  There  were  a 
few  data   which,   if  given,   would  have  added  to  the  interest  of 

*  Tram.  Inst.  3/.  E.,  1913,  vol.  xlvi.,  page  98. 
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this  section  of  the  paper,  such  as  the  dip  of  the  seam,  its  depth 
below  the  surface,  and  the  character  of  the  roof  and  floor,  all  of 
which  would  affect  the  output  per  man  employed. 

There  were  many  mines  in  the  United  States  of  America 
where  electricity  could  not  he  applied  as  described,  and  where 
compressed  air  would  have  to  be  employed  instead. 

The  size  of  the  tubs  or  cars  used  for  the  transportation  of 
the  coal  might  easily  form  the  subject  of  a  very  useful  paper. 
He  (Mr.  Ashworth)  had  found  that  tubs  holding  from  K  to  4 
tons,  if  loaded  under  a  shoot,  could,  with  advantage,  be  employed 
in  steep  mines  ;  however,  in  cases  where  the  gradient  was  variable, 
and  the  tubs  had  to  be  jigged  clown  inclines,  he  much  preferred 
tubs  of  a  size  which  could  be  handled  by  men  or  bo}Ts  when  neces- 
sary. With  very  heavy  tubs  the  loss  of  horses  was  a  costly  it-em, 
and  probably  the  most  serious  bodily  injuries  to  employees  would 
be  found  to  occur  on  the  haulage-roads  where  such  cars  were 
used. 

Mr.  Dean  appeared  to  give  most  prominence  to  the  coal-dust 
and  watering  problems,  which  he  solved,  first,  by  making  the 
tubs  without  end  doors,  and,  secondly,  by  the  use  of  adobe  or 
some  other  similar  dust  on  the  haulage-ways. 

With  regard  to  the  use  of  steam  and  other  means  for  saturat- 
ing the  air  of  a  mine  with  moisture,  it  was  necessary  to  consider 
a  fact  to  which  his  (Mr.  Ashworth V)  attention  had  been  drawn, 
namely,  that  in  the  United  States  of  America  it  was  not  necessary 
to  consider  the  effect  of  moist  air  of,  say,  90°  Fahr.,  on  the  miners, 
as  the  underground  temperature  in  no  case  exceeded  70°.  Many 
attempts  had  been  made  by  leading  men  in  that  country  to  show 
that  damp  air  was  the  best  safeguard  against  the  propagation  of 
an  explosion,  and  in  so  doing  they  had  persistently  given  their 
figures  in  percentage  of  moisture,  and  not  in  grains  per  cubic- 
foot.  Thus,  air  having  a  temperature  of  40°  Fahr.  would  be 
saturated  with  2"9  grains  of  water -vapour,  but  air  of  70°  would 
require  8  grains,  and,  therefore,  it  resulted  that  air  charged 
with  2'9  grains  was  represented  as  being  as  safe  as  air  containing 
8  grains,  because  both  were  saturated  to  100  per  cent.  This  on 
the  face  of  it  was  absurd.  To  get  over  the  difficulty  of  tempera- 
ture, attempts  had  been  made  to  raise  the  temperature  of  the 
intake  air  by  radiators,  and  by  the  use  of  both  exhaust 
and  live  steam,  and  the  haulage-roads  had  also  been  converted 
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into  the  return  airways.  In  many  placee  in  the  mountains,  even 
under  2,000  feel  of  cover,  ice  might  be  formed  by  the  coldness 
of  the  intake  air  a  mile  underground,  and  consequently  it  was 
practically  impossible  to  safeguard  such  a  mine  by  water.  The 
best  safeguard  for  both  winter  and  summer  was.  therefore,  adobe 
or  some  <>t  her  similar  dust . 

Prof.  H.  B.  Dixon  had  shown  that  when  coal-dust  was  ignited 
carbon  monoxide  was  first  formed,  and  then  burned  to  carbon 
dioxide,  and  that  to  effect  this  a  certain  percentage  of  water- 
vapour  must  be  present.  It  followed,  therefore,  that  although 
it  was  argued  that  water-vapour  had  a  cooling  effect  on  the  flame, 
there  could  not  possibly  he  more  of  it  present  in  a  mine  than 
was  required  to  assist  in  the  conversion  of  the  carbon  monoxide 
into  carbon  dioxide  Prof.  Dixon  had  also  shown  that  it  was 
necessary  for  5  per  cent,  of  water-vapour  to  be  present  in  the 
air  in  order  to  obtain  the  greatest  explosive  effect  from  any 
mixture  of  air  and  explosive  gas.*  He  (Mr.  Ashworth)  regretted 
i hat  Prof.  Dixon  had  not  made  any  further  communication  in 
connexion  with,  bis  most  recent  experiments. 

Mr.  Dean  had  referred  to  Mr.  John  Yerner's  statement  that 
there  were  always  "two  movements  of  the  air"  in  a  colliery 
explosion.  There  certainly  were,  but  their  sequence  and  direction 
depended  entirely  on  the  part  of  the  mine  in  which  they  occurred. 
Thus,  in  the  case  stated,  the  effect  was  similar  to  that  produced 
by  steam  in  an  ejector,  namely,  by  the  force  of  the  blast  sucking 
air  from  an  adjacent  road,  followed  by  the  pressure  created  by 
the  explosion  as  a  wbole.  In  the  path  of  the  explosion,  however, 
this  would  not  occur,  as  the  hot  blast  would  come  first,  and 
would  be  followed  by  the  air-current  lushing  into  the  mine  to 
destroy  the  vacuum  caused  by  the  condensation  of  the  hot  gases 
resulting  from  the  explosion.  This  inrush  of  air  undoubtedly 
saved  the  men  in  No.  :i  District,  at  the  time  of  the  explosion  at 
Fernie  in  1902. 

In  conclusion,  be  (Mr.  Ashworth)  agreed  with  the  author  in 
his  statement  that  "  the  maximum  mine  temperature  at  which  the 
humidifying  method  would  be  considered  effectual,  and  allow- 
able, has  not  been  determined,"  and,  he  would  add.  never  would 
be. 

*  "The     Rate    of     Explosions    in    Gases,'      by    Prof.     Harold     B.    Dixon, 
Tram.   Inst.   M.    t\,  189-2,  vol.  iii.,  page  317. 
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Mr.   George  F.   Duck  (Scranton.   Pennsylvania)  wrote  that 
there  was  one  point  which  the  author  had  with   characteristic 
modesty  omitted — that  it  was  to  him  (Mr.  Dean),  with  the  hearty 
co-operation  of  Mr.  W.  J.  Murray,  Vice-President  of  the  Victor- 
American  Fuel  Company,  that  the  credit  of"  having  been  the  first 
to  install  in  an  American  mine  an  efficient  system  of  shale-dust 
treatment  for  the  prevention  of  coal-dust   explosions   was   due. 
In  making  this  installation  Mr.  Dean  had  had  to  overcome  much 
prejudice  and  not  a  little  good-natured  ridicule,  notwithstanding 
the  fact  that  in  no  other  region  of  the  United  States  was  the 
shale-dust  method  so  well  adapted  as  in  Colorado  and  other  parts 
of  the  semi-arid  region,  where  water  was  frequently  very  scarce. 
The  climatic  conditions  in  Colorado  were  peculiar,  the  rainfall 
being  only  about  7  inches  per  annum,  with  a  correspondingly 
low  humidity.       He  (Mr.  Duck)  had,  in  conjunction  with  Mr. 
J.   C.    Roberts,   the   Engineer  of  the   United   States   Bureau   of 
Mines,  made  investigation  into  the  explosion  at  the  lso.  3  Mine, 
Delagua,    and,    upon    consulting    the    meteorological    statistics 
at    Pueblo,    80    miles    north,    this    being    the    nearest   office    of 
the  United  States  Weather  Bureau,  had  found  that  for  a  period 
of    21    years    the    following    were    averages    for    the    month    of 
November  : — Temperature,  4o'9°  Fahr. ;  barometer,  25'31  inches; 
humidity:   6  a.m.,  62"9  per  cent.;   and  6  p.m.,  41  per  cent.     On 
the  day  of  the  explosion  the  temperature  and  relative  humidity 
were  for  6  a.m.,  54°  Fahr.  and  13  per  cent.,  and  for  b'  p.m.,  65° 
Fahr.  and  li  per  cent,  respectively.    Anyone  interested  could  cal- 
culate the  tons  of  water  removed  per  day,  under  these  conditions, 
by  an  air-current  which  approximated  in  volume  to  55,000  cubit- 
feet  per  minute,  with  the  mine  temperature  at  rather  more  than 
65°  Fahr.     Fortunately,  many  Colorado  mines  were  on  or  near 
streams  thai  drew  their  supply  from  the  snow-cap  of  the  neigh- 
bouring Rocky  Mountains,   the  summits  of  which  were  on  the 
average   13,500  feet  above   sea-level,   with   several   peaks   rising 
Hi  above  14.000  feet.     There  were,  of  course,  many  mines  not  so 
favourably  situated  with  regard  to  water-supply,  and  to  the  man- 
agement <it  such  mines  the  excellent  example  of  shale-dust  treat- 
ment installed  by  Mr.  Dean  at  Delagua  should  strongly  appeal. 
Mr.    Dean    had    related    the    experience    of   two    miners    who 
escaped  in  the  Cokedale  explosion,  who  had  first  felt  an  inrush  of 
cold  air.  followed  immediately  by  a  hot  wave  from  the  interior  of 
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the  mine.    He  (Mr.  Duck)  had  interviewed  the  men  in  question  a 
few  days  after  the  accident,  and  the  description  of  their  sensations 
under  the   influence   of  carbon   monoxide   corresponded   closely 
with  that  of  the  late  Sir  Clement  Le  Neve  Foster  and  his  associ- 
ates at  the  Snaefell  disaster.*     With  regard  to  the  preliminary 
inrush   of  cold   air,    was   this   not  probably   due  to   the   sudden 
expansion  of  the  gases   on  their   entering  a  large   area   of  old 
workings  just  in-bye  the  point  where  the  men  noticed  the  phen- 
omena in  question?        This   expansion    would    create   a    partial 
vacuum  out-bye,  with  a  consequent  inrush  of  cold  air.    Certainly 
at  Cokedale,  and  he  (Mr.  Duck)  believed  also  at  Lick  Branch, 
there  was  a  sudden  expansion  of  the  gases  in  an  area  of  several 
acres  just  after  they  had  left  a  narrow  entry  connecting  these 
workings  with  the  main  road,  and  at  the  in-bye  end  these  old 
workings  were  connected  with  the  outcrop  through  a  second  and 
correspondingly  narrow  entry,  which  the  men  who  escaped  had 
just  entered.  In  other  words,  the  explosive  wave  entered  through  a 
single  opening  (say  8  by  10  feet  in  maximum  area),  expanded  in 
old  workings  covering  4  or  5  acres,  and  passed  on  to  the  outcrop 
through  another  single  entry  of  like  dimensions.     In  both  cases 
the  men  had  just  left  the  open  and  old  workings  when  they  en- 
countered the  inrush  of  cold  air.     It  also  seemed  possible  that 
the  passage  of  the  advance  wave  down  the  main  entry,  and  past 
the  narrow  opening  connecting  with  the  old  workings,  produced 
an  effect  very  similar  to  that  observed  in  blowing  across  the  neck 
of  a  bottle  or  the  hole  in  a  key.     In  the  case  of  the  key,  any 
dirt  therein  would  be  drawn  out,  and,  similarly,  in  the  case  of 
mine  workings  connected  with  the  outcrop  air  would  be  drawn 
into  the  mine. 

Mr.  A.  C.  Waits  (Salt  Lake  City,  Utah)  wrote,  with  respect 
to  the  treatment  of  dust  in  coal-mines  in  Utah,  that  sprinkling 
was  first  employed  in  the  year  1890  in  the  Castle  Gate  Mine  of 
the  Utah  Fuel  Company,  with  the  view  of  preventing 
the  dust  explosions  which  had  been  of  frequent  occur- 
rence. At  the  same  time  an  electrical  shot-firing  system  was 
installed,  whereby  every  shot  was  fired  from  the  sin  face,  after 
all  the  men  and  animals  had  been  brought  to  bank.     These  two 

*  The   Investigation   of    Mine   Air,    by   Sir   Clement    Le    Neve   Foster  and 
J.  S.  Haldane,   1905,  page  157. 

VOL.  XLIV.— 19131914. 


00       DISCUSSION COAL-MINING  IN  THE  UXITED  STATES  OF  AMERICA. 

precautionary  measures  had.  ever  since,  been  employed  in  the 
two  most  dangerous  mines  belonging  to  the  company,  with  most 
happy  results.  At  first  sprays,  which  threw  a  fine  mist  into  the 
air-current,  saturating  it  with  moisture,  were  put  in  the  main 
intake ;  at  the  same  time,  the  entire  mine  was  laid  with  water- 
pipes,  with  hose-bibs  every  100  yards,  and  men  were  employed 
to  sprinkle  every  available  part  of  the  mine  by  means  of  a  hose 
fitted  with  a  spray-nozzle.  Later,  the  sprays  in  the  intake  were 
done  away  with,  because  it  was  found  that  they  made  the  main 
haulage-road  (which  was  an  intake)  too  wet,  and,  further,  that 
hand-sprinkling  proved  sufficiently  effective.  In  the  year  1900, 
a  disastrous  explosion  occurred  in  another  mine  in  which  sprink- 
ling had  not  been  carried  out,  the  result  being  that  a  State  law 
was  passed  making  sprinkling  in  all  dry  mines  compulsory  in 
Utah.  The  practice  of  the  Utah  Fuel  Company  is  so  to  wet  the 
dust  that  when  taken  in  the  hand  and  compressed  it  cakes  and 
shows  the  impress  of  the  fingers.  During  the  night  exhaust-steam 
is  turned  into  the  main  intakes,  thus  materially  assisting  in  keep- 
ing the  dust  wet  and  preventing  the  air-currents  from  drying 
out  the  mines. 

There  are  no  specified  periods  for  sprinkling,  for  the  reason 
that  there  might  be  an  inclination  on  the  part  of  the  mine 
employees  to  obey  the  letter  rather  than  the  spirit  of  the  rules. 
Sprinkling  has  to  be  performed  sufficiently  often  to  keep  all  the 
dust  wet  and  to  prevent  it  from  rising,  and  the  mine  foremen 
and  inspectors  are  constantly  on  the  watch  to  see  that  all  the 
rules  are  complied  with.  This  method  of  sprinkling  washes 
down  to  the  floor  all  dust  that  accumulates  on  the  timbers  and 
the  sides  of  the  rooms  and  entries,  and  it  is  much  easier  to 
properly  attend  to  it  there,  as  it  is  not  so  easily  taken  up  by  the 
air-currents. 

No  deleterious  effect  upon  the  health  of  the  mine  workers,  due 
to  a  moist  atmosphere,  is  apparent;  in  fact,  it  was  claimed  to 
be  beneficial,  because,  first,  it  reduced  the  amount  of  dust 
breathed,  and,  secondly,  it  reduced  the  temperature  of  the  mine, 
the  result  being  greater  efficiency  of  both  men  and  animals. 

He  (Mr.  Watts)  was  of  the  opinion  that  sprinkling  had  a 
tendency  to  reduce  falls  of  roof  rather  than  to  increase  them, 
as  ii  had  been  noticed  that  most  accidents  occurred  at  the  work- 
ing-face-,  and   were  due  to  the  miners   not  taking  proper  pre- 
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cautions  in  timbering.  At  these  places  the  injurious  effects  of 
Bprinkling,  if  any,  had  not  bad  sufficienl  opportunity  to  -Imw 
results.  In  the  dry  climate  of  the  Rocky  Mountains  region  the 
Large  volumes  of  dry  air  introduced  into  the  mines  by  the  venti- 
lating systems  dried  out  the  shales  and  sandstones  of  the  roof 
and  caused  them  to  disintegrate  and  fall,  and  sprinkling  tended 
to  counteract   that 

A  Bplendid  example  of  the  efficiency  of  sprinkling,  as  also  of 
the  value  of  electric  shot-firing,  occurred  in  an  explosion  caused 
by  a  blown-out  shot  in  a  dead  heading',  in  which  there  had  been 
an  accumulation  of  gas  after  the  workmen  had  left.  The  explo- 
sion possessed  sufficienl  violence  to  make  it  travel  up  the  main 
slope  a  distance  of  1,000  feet,  and  to  blow  out  all  concrete  over- 
casts and  stoppings  along  its  path,  yet  there  was  but  slight 
evidence  of  any  coal-dust  coking,  and  the  path  of  the  explosion 
did  not  extend  into  any  side  openings.  No  one  was  injured,  be- 
cause the  electric  shot-firing  system  prohibited  anyone  being  in 
the  mine  at  the  time,  and  the  damage  to  property  was  reduced 
to  a  minimum,  owing  to  the  sprinkling  always  keeping  the  mine 
in  a  thoroughly  wet  condition. 

Mr.  John  Vkrxkk  (Chariton,  Iowa)  wrote  that,  with  respect 
to  Mr.  Dean's  reference  to  his  (Mr.  Verner's)  position  in  regard  to 
the  presence  of  air-movements,  and  their  influence  in  causing 
explosive  inflammation  of  coal-dust,  he  would  like  to  state  briefly 
his  reasons  for  taking  that  position.  He  would  first,  however, 
quote  the  following  recent  remarks  of  Mr.  George  S.  Rice  of  the 
United  States  Bureau  of  Mines:  — 

'•  When  a  source  of  heat,  for  example,  an  incandescent  platinum  wire,  an 
electric  arc,  or  the  flame  from  a  blown-out  shot,  is  introduced  into  a  cloud  of 
coal-dust,  combustion  takes  place  between  the  particles  of  dust  and  the  oxygen 

of  the  air If  .   .    .  sufficient  heat  is  available,  the  temperature 

of  the  dust-cloud  is  raised  to  such  an  extent  that  combustion  takes  place  rapidly, 
developing  more  heat  than  can  be  conducted  away.  Consequently  the  adjacent 
part  of  the  dust-cloud  is  heated  to  a  temperature  sufficient  for  rapid  combustion, 
and  by  its  combustion  develops  heat,  which  in  turn  raises  ffhe  temperature  of  the 
next  dust  layer.  This  process  continues,  and  the  flame  travels  through  the  dust- 
cloud  with  rising  temperature  and  increasing  velocity."* 

These  remarks  suggested  that  explosive  inflammation  of  coal- 
dust  was  effected  entirely  by  conductivity  or  radiation,  but  there 

*  "First  Series  of  Coal-dust  Explosion  Tests  in  the  Experimental  Mine,"  by 
George  S.   Rice,  L.    M.  Jones,  J.   K.  Clement,  and  W.    L.  Bgy,  United  St 

•  :  Department  of  the  Interior,  Bureau  oj  Mines,  Bulletin  So.  56,  page  8. 
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seemed  to  be  no  proof  that  i  ich  inflammation  was  so  caused. 
There  was,  however,  abundant  and  conclusive  proof,  furnished 
by  many  tests,  that  an  explosive  ignition  of  coal-dust  could  not 
be  produced  by  conductivity  or  radiation,  and  that  the  same  kind 
of  dust,  used  in  the  same  apparatus  and  in  the  presence  of  the 
same  sized  flame,  was  exploded  with  unvarying  success  when  the 
air-and-dust  mixture  was  blown  into  the  flame  by  an  air-blast. 

It.  was  an  elementary  fact  that  wherever  there  was  heat  or 
flame  there  existed  an  air  movement,  commonly  known  as 
draught,  towards  and  into  the  heated  area,  and  that  the  magnitude 
of  the  draught  depended  on  the  amount  of  heat  developed  and  the 
character  of  the  draught  facilities.  It  was,  therefore,  apparent 
that,  for  instance,  the  heat  from  an  electric  arc,  introduced  into 
a  cloud  of  coal-dust,  caused  an  immediate  dust-carrying  draught 
inwards  and  into  the  arc.  The  air-and-dust  mixture  thus  injected 
into  the  flame  ignited  readily  and  increased  the  heat ;  the  increased 
heat  in  turn  increased  the  velocity  and  volume  of  the  dust-laden 
draught;  and  this  process  would  continue  until  there  was  suffi- 
cient heat  to  attract  a  sufficiently  large  dust-carrying  draught 
into  the  heated  zone  to  cause  explosive  inflammation. 

How  was  the  air-and-dust  mixture  injected  into  the  heated 
gases  produced  by  a  blown-out  shot?  To  answer  that  question, 
he  (Mr.  A'erner)  endeavoured  to  find  out  just  what  occurred  in  the 
immediate  vicinity  of  a  shot  fired,  for  instance,  at  the  face  of  an 
entry.  He  had  made  numerous  observations,  at  close  range,  and 
this  was  what  he  had  found  : — AVhen  a  shot  was  fired  as  indicated, 
the  air  and  what  dust  there  might  be  present  were  driven  away 
from  the  face  by  the  expansive  force  of  the  heated  and  burning 
gases  from  the  shot.  This  expelling  force,  however,  was  instantly 
checked,  apparently  through  the  effects  of  a  growing  depression 
at  the  face,  caused  by  the  rapid  cooling  of  the  gases  there  and 
their  consequent  rapid  shrinkage  in  volume.  This  depression  was 
immediately  filled  by  an  inrush  or  backrush  of  air  along  the 
bottom  towards  the  face,  while  the  heated  gases  in  the  upper  part 
of  the  entry  kept  on  their  course  out-bye.  The  force  and  volume 
of  the  inrush  of  air  along  the  bottom  varied  considerably  in  the 
different  observations,  the  conditions  in  this  respect  being 
evidently  determined  by  the  size  of  the  depression  near  the  face. 
In  view  of  this  it  might  he  rightly  concluded  that,  if  the  inrush  of 
air  alon»'  the  bottom  was  of  sufficient  volume,  and  carried  with  it 
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sufficient  dust,  and  it  it  reached  the  heated  gases  near  the  face 
before  they  were  cooled  below  the  ignition-point,  then  inflamma- 
tion with  explosive  effects  might  take  place. 

The  Late  Sir  F.  A.  A.bel's  opinion  was  thai  a  dusl  explosion 

was  really  made  up  of  numerous  distinct  and  local  explosions 
which  followed  each  other  so  quickly  that  the  explosion  might 
lie  considered  a  continuous  one.  and  tacts  developed  since  be 
(SirF.  A.  Abel)  made  his  experiments  and  investigations  showed 
the  correctness  of  his  views  in  that  respect.  Sir  Frederick  further 
concluded  that  the  same  conditions  which  caused  the  explosive 
ig  11  it  ion  of  the  dust  in  the  first  local  explosion  must  be  present 
to  cause  the  explosive  ignition  of  the  dust  in  each  subsequent 
local  explosion.  That  being  true,  it  followed  that,  if  explosive 
inflammation  was  effected  in  the  first  local  explosion  by  the 
injection  of  the  air-and-dust  mixture  into  the  highly  heated  or 
burning  gases,  explosive  inflammation  must  be  caused  in  every 
subsequent  local  explosion  in  the  same  manner.  The  question 
might  be  asked  :  Can  the  air  inrush  exist  in  the  face  of  an  explo- 
sion, and  can  it  under  seemingly  extremely  adverse  conditions 
make  sufficient  headway,  against  an  apparently  superior  force, 
to  produce  the  effects  claimed  ?  It  seemed  difficult  to  believe, 
but  nevertheless  it  had  been  shown  that  under  favourable  con- 
ditions the  explosion  of  the  shot  and  the  starting  of  the  air  inrush 
might  be  practically  simultaneous  occurrences.  In  one  of  the 
Altofts  experiments  the  presence  of  the  air  inrush  was  noted 
within  a  twentieth  of  a  second  after  the  explosive  wave  had  passed 
a  jiiven  point. 

It  might  be  difficult  to  establish  by  direct  proof  the  presence 
of  air  inrushes  during  the  progress  of  an  explosion,  but  their 
existence  could  lie  established  indirectly,  and  he  (Mr.  Yerner) 
believed  that  it  could  be  readily  shown  by  tests  at  Altofts,  or  at 
any  other  experimental  mine  or  gallery,  that  the  occurrence  of  a 
dust  explosion  was  not  probable  if  the  conditions  controlling  the 
inrush  of  air  were  unfavourable. 

Mr.  George  S.  Rice  (United  States  Bureau  of  Mines,  Wash- 
ington, U.S.A.)  wrote  that  anyone  who  had  not  visited  the  mining 
districts  of  the  United  States  would,  after  reading  Mr.  Dean's 
paper,  possibly  imagine  that  all  the  mines  were  drifts  or  slopes, 
li  was  true  that  a  large  proportion  of  the  coal  mined  did  come 
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from  drifts  or  slopes,  because  the  Coal-Measures  had  in  many 
cases  been  lifted  by  geologic  movements  to  great  elevations,  as 
in  South  Wales.  In  some  districts,  however,  as  in  the  central 
fields,  the  coal  had  to  be  reached  by  shafts,  although  these,  from 
the  European  standpoint,  would  be  considered  shallow,  being  100 
to  1,000  feet  in  depth.  The  anthracite  field  in  Eastern  Pennsyl- 
vania— which  produced  over  90,000,000  tons  per  annum  (about 
a  fifth  of  the  total  output  of  the  United  States,  and  prac- 
tically the  total  anthracite  output) — had  been  acutely 
folded  into  parallel  basins,  the  coal  in  some  cases  being 
overturned,  and  the  pitches  usually  very  steep.  Shafts,  slopes, 
and  cross-tunnels  were  all  used,  but  shafts  now  predominated. 
Statistics  for  the  year  1909  showed  that  351  per  cent,  of  the 
bituminous  output  came  from  shaft  mines,  16'7  from  slopes,  41'6 
from  drifts,  01  from  strippings,  and  6*5  per  cent,  from  two  or 
more  kinds  not  specified. 

That  the  excellent  bituminous  and  coking  coals  found  in  some 
parts  of  the  Rocky  Mountains  coal-fields,  and  in  the  Cascade 
Mountains  in  the  State  of  Washington,  were  not  of  Carboniferous 
age,  the  former  belonging  to  the  Cretaceous  and  the  latter  to  the 
Eocene  Period,  might  be  of  interest  to  those  who  were  unfamiliar 
with  the  western  part  of  the  United  States.  Where  undisturbed, 
the  coals  of  these  periods  were  black  lignites,  but  where  subjected 
to  pressure  arising  from  mountain  uplift,  and  to  heat  from 
igneous  sills  and  flows,  they  had  been  altered  to  bituminous  coal, 
and  more  rarely  to  anthracite.  The  amount  of  workable 
anthracite  outside  of  Pennsylvania  was,  however,  very  limited. 
With  a  few  insignificant  exceptions,  no  igneous  intrusions  or 
flows  were  found  in  the  eastern  Coal-Measures.  The  coal-seams 
of  the  anthracite  basin  in  the  east,  and  of  the  Pocky  Mountains 
and  Cascade  Mountains  in  the  far  west,  are  found  to  dip  at 
various  angles ;  but  in  the  great  bituminous  fields  west  of  the 
Appalachian  Mountains,  and  throughout  the  Central  States,  they 
are  flat  or  gently  undulating,  except  in  a  few  places,  as  in  parts 
of  Alabama,  Xew  Mexico,  and  the  State  of  Washington,  geologic 
faultings  of  magnitude  were  rarely  found  affecting  the  Coal- 
Measures,  although  very  common  in  the  Alaskan  coal-beds, 
which  were  badly  contorted.  On  the  other  hand,  in  some  flat- 
seam  districts,  many  "clay  slip-  were  found,  the  clay  filling 
what  appeared  to  be  shrinkage  cracks. 
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The  eoal-r<  sources  of  the  United  States  are  very  greal  : 
the  total  reserve  of  anthracite,  bituminous  coal,  and  Lignite 
was  estimated  by  the  Geological  Survey  as  amounting  to 
3,000,000,000,000  short  tons  (2,000  pounds),  two-thirds  of  which 
was  Basil;  accessible.  The  most  noticeable  contrast  with  Euro- 
pean fielde  was  the  small  number  of  workable  beds  in  the  bitu- 
minous Coal-Measures,  there  being  usually  only  two  or  three 
seams  over  3  feet  thick  in  any  one  section,  and  sometimes  only 
one  seam;  on  the  other  hand,  there  was  usually  one  seam  from  5 
to  10  feet  thick.  Close  competition  led  to  only  the  best  seam  in 
any  one  locality  being  worked,  and  that,  in  turn,  led  to  a  totally 
different  kind  of  mine  development  from  that  which  prevailed  in 
Great  Britain  or  Europe.  The  exceptions  to  this  condition  were 
found  in  the  anthracite  and  lignite  fields,  where  the  beds  were 
numerous  and  sometimes  of  great  thickness. 

As  >iated  by  Mr.  Dean,  the  prevailing  system  was  room-and- 
pillar,  but  in  different  parts  of  the  country  there  was  considerable 
variation  in  the  method  of  laying-out.  In  the  interior  fields, 
where  the  cleavage  of  the  coal  was  not  well  defined,  it  was  cus- 
tomary, even  in  the  large  mines,  to  turn  the  rooms  directly  off 
the  side  entries.  In  the  Pittsburgh  district,  however,  where  the 
vertical  cleavage  was  strong,  as  it  also  was  in  the  Rocky  Moun- 
tains fields,  a  system  similar  to  that  mentioned  by  Mr.  Dean  was 
customary.  The  main  entries  were  from  two  to  six  in  number. 
The  larger  mines  employed  one  or  two  parallel  haulage-ways  and 
a  number  of  airways,  all  of  which  ran  parallel  with  the  cleavage  of 
the  coal.  From  these  side  or  "  face"  entries  at  right-angles  to  the 
cleavage  were  turned,  and  from  these  again  butt  entries  were 
driven,  which  were  also  parallel  with  the  cleavage.  The  rooms 
were  opened  out  off  the  butt  entries,  and  hence  were  driven  at 
right-angles  to  the  cleavage  or  "faces."  The  dimensions  of  the 
rooms  varied  widely  in  the  different  districts,  those  given  by  Mr. 
Dean  applying  more  particularly  to  the  Trinidad  (Colorado) 
field.  In  the  Connellsville  district  they  might  be  only  12  to  18 
feet  wide,  and  the  pillars  25  to  40  feet  thick,  depending  on  the 
thickness  of  the  strata  overhead.  In  this  district  the  work  was 
carried  on  very  systematically,  and  the  pillars  withdrawn  in  a 
diagonal  line,  much  in  the  same  way  as  in  the  bord-and-pillar 
workings  of  England,  the  recovery  being  over  90  per  cent.  On 
the  other  hand,  in  Central  and  Southern  Illinois,  where  the  roof 
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was  very  strong,  the  rooms  were  sometimes  30  feet  wide,  but 
the  pillars  were  not  withdrawn,  owing  to  the  bottom  being  very 
soft,  and  nearly  50  per  cent  of  the  coal  was  lost.  The  value 
of  the  coal  in  the  ground  in  cases  where  there  were  no  compulsory 
laws,  had  evidently  a  bearing  on  the  percentage  of  coal  lost  in 
mining.  In  the  Connellsville  district  the  coal  in  a  bed  6  to  8 
feet  thick  was  valued  at  from  £246  (1,200  dollars)  to  £410  (2,000 
dollars)  an  acre,  while  in  Central  Illinois  a  bed  7  to  9  feet  thick 
could  be  purchased  for  £5  (25  dollars)  to  £10  (50  dollars)  an 
acre. 

With  regard  to  haulage,  the  electric  trolley-locomotive  had> 
as  Mr.  Dean  had  pointed  out,  come  into  general  use  in  a  great 
majority  of  mines  which  were  considered  non-gaseous  or  only 
slightly  gaseous- — only  a  small  percentage  of  the  total  number  of 
mines  in  the  United  States  of  America  were  admittedly  gaseous. 
The  use  of  the  electric  trolley-locomotive,  however,  while  pro- 
viding cheap  haulage,  had  added  new  dangers  :  several  of  the 
greatest  American  mine  disasters  of  recent  years  had  undoubt- 
edly been  originated  through  the  ignition  of  coal-dust  by  the 
short-circuiting  of  the  trolley-wire  on  the  occasion  of  wrecks, 
which  had  also  stirred  up  the  dust.  Many  smaller  explosions 
were  considered  to  have  been  similarly  caused. 

In  the  earlier  days  of  mining,  when  the  coal  was  obtained 
relatively  close  to  the  outcrops,  and  at  shallower  depths,  very 
little  firedamp  or  methane  was  encountered.  It  was  still  true 
that  the  majority  of  the  mines  of  the  United  States  are  called 
"  non-gaseous,"  and  they  are  practically  so  in  the  shallower 
coal-fields  ;  but  of  late  years  the  depth  of  the  shafts  had  increased 
materially,  and  in  the  drifts  in  the  mountainous  countries  the 
mine  workings  had  been  getting  under  deeper  cover.  Where  the 
coal  was  below  water-level,  as  in  Western  Pennsylvania  and 
Southern  Illinois,  and  seams  were  being  mined  at  depths  of  600  to 
1,000  feet,  considerable  quantities  of  gas  were  encountered.  A 
serious  question  arose  from  using  electric  trolley-locomotives  in 
mines  which  admittedly  produced  some  firedamp  at  the  face,  and 
in  which  safety-lamps  were  required.  The  compromise  was 
made  in  some  States  (each  State  made  its  own  mining  regula- 
tions) of  permitting  such  locomotives  on  roadways  that  had  a 
fresh  or  intaking  current  of  air. 

In  high-speed  haulage  one  of  the  greatest  dangers  arose  from 
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the  production  of  coal-dust,  broughl  aboul  by  the  dribbling  of 
coal  from  the  tubs  or  "  mine-cars,"  through  cracks  in  the  bodies, 
when  of  wood,  or  under  the  gates  of  either  the  steel  or  wooden 
cars,  and  through  the  knocking-off  of  some  of  the  coal  on  the  top 
through  bumping  and  jarring,  as  well  as  the  blowing-off  of  dust 
and  fine  coal  by  the  ventilating  current.  "  Topping,"  or  building 
up  with  lump  coal  above  the  sides  of  the  cars,  was  generally  prac- 
tised. Tight  cars  were  not  used,  and  the  gates  were  often  very 
loose.  The  quantity  of  coal  which  dropped  off  in  the  course  of  a 
day's  run  was  surprising.  This  coal,  on  being  ground  under  foot 
and  under  the  wheels,  made  a  large  amount  of  dust,  which 
formed  so  rapidly  that  it  tended  to  neutralize  the  watering 
methods,  and  constituted  one  of  the  gravest  dangers  of  the  mine, 
since  if  an  explosion  was  once  fairly  started,  it  was  apt  to  pick 
up  enough  dust  along  the  way  to  propagate  it  for  great  distances. 

The  use  of  large  tubs  undoubtedly  permitted  low  transporta- 
tion costs;  but,  on  the  other  hand,  they  had  their  disadvantages, 
as  they  retarded  the  introduction  of  a  longwall  system  of  working 
with  face-track,  and  the  number  of  haulage  accidents  was  doubt- 
less larger  than  would  be  the  case  with  smaller  cars.  Manifestly, 
when  longwall  was  used,  cars  of  a  capacity  of  2  to  4  tons  were 
much  too  large  to  take  along  the  face  or  to  push  by  hand  on  the 
changing   grades. 

As  stated  by  Mr.  Dean,  the  longwall  method  had  been  very 
little  employed,  except  in  certain  districts  where  the  seams  were 
relatively  thin,  namely  2  to  4  feet  in  thickness,  and  the  roof  was 
favourable,  as  in  Northern  Illinois,  Central  Missouri,  and  the 
Canon  City  coal-field  of  Colorado.  There  were,  however,  good 
reasons  why  the  longwall  system  had  not  been  more  extensively 
adopted.  To  mention  one,  inflexible  labour  agreements  made 
it  difficult  for  an  individual  mine  to  experiment  with  a  new 
system,  in  the  face  of  close  competition  with  the  existing  system  ; 
another  was  that  in  comparison  with  European  coals  most  of  the 
coals  were  very  hard,  and  usually  there  was  no  proper  rock- 
material  for  pack-walls.  Further,  except  in  the  anthracite  and 
Connellsville  districts,  coal  in  the  ground  might  be  purchased 
very  cheaply,  and  therefore  the  incentive  to  mine  cleanly  did  not 
exist.  Such  trials  as  had  been  made  indicated  that  it  would  cosl 
more  to  mine  the  coal  in  most  districts  by  an  advancing  longwall 
system  than  by  the  existing  system  of  room-and-pillar.        The 
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profit  was  very  small:  the  net  profit  on  anthracite  at  the 
mines  during'  1909,  according  to  the  Census  report,  aver- 
aged only  -Hd.  (11  cents)  per  long  ton,  and  on  bitu- 
minous and  lignite  coals  3M.  (?  cents)  per  short  ton.  The  average 
cost  of  mining  bituminous  and  lignite  coals,  loaded  on  railway 
trucks,  was  4s.  2d.  (1  dollar)  per  ton,  the  cost  being  made  up  as 
follows: — Salaries,  2^d.  (5  cents);  wages,  3s.  l|d.  (76  cents); 
supplies,  5kl.  (11  cents);  royalties,  l^d.  (3'1  cents);  and  miscel- 
laneous, 2id.  (5  cents).  The  cheapest  mined  coals  were  those 
produced  in  West  Virginia,  where  the  thickness  of  the  coal-seams 
mined  ranged  from  4  to  10  feet.  The  total  costs  of  West  Tirginian 
coals,  in  1909,  averaged  only  3s.  3d.  (79  cents).  The  cost  of  pro- 
ducing anthracite  in  that  year  was  7s.  lid.  (1  dollar  93  cents), 
divided  as  follows: — Salaries,  3d.  (6  cents);  wages,  5s.  3d.  (1 
dollar  28  cents);  supplies,  Is.  6M.  (37  cents);  royalties,  5|d.  (11 
cents);  and  miscellaneous,  5|d.  (11  cents).  The  physical  condi- 
tions surrounding  anthracite  mining,  and  the  cost  of  breaking, 
screening,  and  cleaning  the  product,  resulted  in  much  higher 
costs  than  were  found  to  prevail  in  bituminous  mining. 

Taking  into  account  the  small  margin  of  profit  and  the  prob- 
able increased  cost  of  mining  by  advancing  longwall,  for  the 
reasons  cited,  it  would  be  seen  that  it  was  not  commercially 
possible  to  introduce  widely  the  longwall  system  at  the  present 
time,  although  it  might  undoubtedly  be  extended.  Calculations 
and  studies  had  led  him  (Mr.  Rice)  to  believe  that  the  system  of 
driving  headings  either  to  the  boundary  of  the  property  or  to 
some  division,  and  withdrawing  all  coal  on  the  retreat,  would 
pay.  Others,  he  was  aware,  had  also  arrived  at  the  same  con- 
clusion, but  profits  had  generally  been  so  small  and  uncertain 
thai  it  was  difficult  to  enlist  capital  to  make  the  necessary  pre- 
liminary investment.  The  low  cost  at  which  coal  property  in 
most  sections  could  be  obtained,  and  the  ease  with  which  it  could 
be  opened  out,  while  of  benefit  to  the  country  as  a  whole,  had  the 
great  disadvantage  that  many  more  mines  were  opened  out  than 
there  was  business  for.  According  to  statistics,  the  coal-mines  of 
the  United  States  had,  in  recent  years,  worked  on  an  average  only 
171  to  234  days  per  annum,  the  figure  for  1911  being  211,  and  the 
hoisting  was  practically  all  done  in  one  8-hour  shift.  The 
mechanical  capacities  of  the  plant  were  as  a  rule  greatly  in  excess 
of  the  daily  output  of  the  miners.     It  was  probably  safe  to  say 
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that,  taking  the  country  as  a  whole,  a  third  of  the  mines  could  he 
closed  and  the  present  total  annual  production  >till  maintained. 
The  excess  in  the  number  of  mines  over  the  requirements  neces- 
sarily led  to  over-competition,  thus  depressing  prices  to  such  an 
extent  that  it  was  difficult  to  require  the  fullest  measures  of 
protection  from  accidents  and  prevention  of  waste. 

A>  already  indicated,  coal-dust  gave  rise  to  one  of  the  greatest 
and  most  difficult  questions  which  had  to  be  faced  in  the  coal- 
mines of  the  United  States.  As  the  roadways  were  made  almost 
exclusively  in  coal,  dust  was  continually  coming  from  the 
weathering  and  chipping  oft'  of  the  coal-ribs  as  well  as  from  the 
haulage,  and  as  the  roof  was  usually  strong,  there  was  not  as 
much  admixture  of  shale  and  rock-dust  as  prevailed  in  many 
European  mines.  The  present  general  method  of  meeting  this 
difficulty  was  to  water  the  roadways  and  to  moisten  the  air  in  the 
intake  airways  with  exhaust-steam  from  the  fans;  but  too  often 
this  was  not  as  well  done  as  it  should  be :  hence  the  considerable 
number  of  widespread  explosions.  However,  through  the  cam- 
paign of  education  that  had  been  carried  on  by  the  United  States 
Bureau  of  Mines  since  its  establishment,  and  through  the  work 
carried  on  by  the  coal-operators  (owners  or  lessees),  who  had  now 
awakened  to  the  danger,  there  had  been  a  vast  improvement  in 
precautionary  methods,  and  this  improvement  had  been  reflected 
in  the  decreasing  number  of  great  explosions. 

With  regard  to  the  reported  in-bye  rushes  of  cold  air  toward 
the  explosion,  which  was  mentioned  by  Mr.  Dean,  he  (Mr.  Rice) 
thought  that  these  rushes,  where  they  were  reported  to  have 
occurred,  were  susceptible  of  some  other  explanation  than  that 
of  an  actual  movement  of  an  air-current  towards  the  advancing 
explosion  wave,  as  urged  by  some.  When  an  explosion  wave 
rushed  along  a  dusty  roadway,  it  might  easily  happen  that  air 
was  drawn  from  a  parallel  or  crossing  entry  before  the  explosion 
had  finished  its  course.  This  would  result  from  the  void  caused  by 
the  cooling  of  the  leases  following  the  explosion  wave,  which 
might  suck  the  air  through  adjacent  passages  not  traversed  by 
the  explosion,  before  the  wave  had  died  away.  and.  in  fact,  in  an 
explosion  travelling  toward  the  face  before  its  full  effects  had 
been  manifested  at  the  mine  entrances. 

The  experimental  mine  of  the  Tnited  States  Bureau  of  Mines, 
near  Bruceton  (Pennsylvania),  has  two  long  parallel  entries  or 
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headings,  now  connected  only  at  the  inner  end.  AVhen  coal-dust 
was  placed  in  the  main  heading  only,  and  an  explosion  was  started 
at  the  inner  end,  immediately  following;  or  before  smoke  had 
ceased  pouring  from  the  main  heading,  air  has,  in  some  in- 
stances, been  drawn  into  the  entrance  of  the  parallel  air-course 
with  such  violence  as  to  burst  inward  ;t  door  placed  at  the 
entrance. 

The  Lick  Branch  Mine,  mentioned  by  Mr.  Dean,  penetrated  a 
mountainous  ridge.  In  the  second  explosion  the  explosion  did 
not  reach  the  back  entrance  near  which,  if  he  remembered 
correctly,  the  two  men  were  knocked  down. 

The  plan  of  shutting  down  the  fan  at  shot-firing  time,  which 
originated  in  Iowa,  as  Mr.  Dean  had  stated,  had  been  followed  to 
some  extent  in  Kansas  and  Oklahoma,  but  in  none  of  those 
districts  had  it  put  a  stop  to  explosions.  The  occurrence  of 
explosions  in  Iowa  had  been  checked,  but  this,  in  his  opinion,  was 
due  to  greater  care.  Dust  conditions  in  Iowa  were  not  bad,  and  as 
the  coals  had  a  high  ash  and  moisture  content,  it  was  only  the 
most  reckless  shot-firing  that  caused  explosions.  In  Kansas  and 
Oklahoma,  where  the  dust  and  gas  conditions  were  more  serious, 
explosions  had  continued,  and  in  these  and  other  Western  States 
it  was  the  practice  to  fire  shots  only  when  the  miners  were  out  of 
the  mine.  Explosions  in  Kansas  and  Oklahoma  had  been  so 
frequent  that  sometimes  it  had  been  difficult  to  get  shot-firers  even 
at  the  very  high  wages  of  16s.  5d.  (4  dollars)  to  20s.  6d.  (5  dollars) 
or  more  per  day  for  a  few  hours'  work.  With  the  very  rapid  shot- 
firing  which  was  and  is  practised,  it  was  probable  that  where 
there  was  a  strong  ventilating  current  an  explosion  once  started 
was  more  likely  to  meet  with  dust  raised  bv  the  shot-firing,  but 
kept  in  suspension  by  the  ventilating  current,  and  this  dust 
would  aid  in  the  propagation  of  the  explosion.  On  the  other  hand, 
the  real  danger  had  not  been  met — that  was,  the  shot-firing  had 
been  reckless  to  the  last  degree,  owing  to  deep  holes  having  been 
drilled  into  the  solid  coal,  without  any  undercutting,  and  heavily 
charged  with  dynamite  or  black  powder.  With  safe  holes,  the 
use  of  permissible  explosives,  and  proper  shot-firing,  there 
would  be  no  occasion  to  check  the  ventilation  by  stop- 
ping the  fans.  Xo  inflammable  gas  was  ever  found  in  the 
Iowa  mines  during  the  writer's  ten  years'  experience  as  con- 
sulting engineer  of  a  group  of  mines  in  that  State,  and  there  was 
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little  in  the  shallow  mines  oi  Kansas.     In  Oklahoma,  however,  a 

Large  amount  of  methane  was  tumid  in  inan\  of  the  mines,  and, 
in  the  opinion  of  the  writer,   more  danger  was  encountered   in 

shutting  down  or  slowing  the  tans,  through  an  increase  of  fire- 
damp at  the  faces,  than  there  was  benefit  gained  in  Lessening  the 
stirring  up  of  dust  already  raised  by  the  shot-firing.  He  (Mr. 
Rice)  failed  to  see  anything  in  the  argument  thai  oxygen  was 
added,  owing  to  the  existence  of  a  ventilating  current,  as  con- 
tended by  some,  since  an  explosion  checked  and  reversed  any 
current  previously  moving  towards  the  approaching  explosion. 
Of  course,  if  the  oxygen  content  was  very  much  lessened  by 
absorption  and  combustion,  it  might  have  some  influence,  but 
analyses  had  not  indicated  that  this  happened  in  the  several  hours 
during  which  the  fan  was  shut  down;  on  the  other  hand,  the 
methane  content  was  liable  to  become  dangerous  at  the  faces. 

Undoubtedly,  the  larger  quantities  of  air  employed  in  the  ven- 
tilation of  mines  at  the  present  time  had  enhanced  the  tendency 
to  dry  the  coal-dust,  and  therefore  had  increased  this  danger; 
but  hand  in  hand  with  the  bigger  air-current,  which  was  good  for 
the  workers,  should  go  increased  means  of  preventing  the  pro- 
pagation of  explosions.  Every  improvement  in  an  industry 
required  attendant  changes. 

Mr.  Dean  had  called  attention  to  one  point  of  considerable 
interest,  which  touched  matters  brought  out  in  the  discussion 
of  Dr.  John  Harger's  paper  on  "The  Prevention  of  Explosions 
in  Mines,"*  namely,  that  some  disastrous  coal-dust  explosions 
had  occurred  in  mines  in  the  foothills  of  the  Rocky  Mountains 
at  altitudes  of  0,000  to  7,000  feet  above  sea-level.  At  the 
higher  altitudes  mentioned  the  pressure  was  only  about  three- 
quarters  of  an  atmosphere,  and  the  weight  of  oxygen  present 
in  a  unit  of  space  would  be  equivalent  to  less  than  16  per 
cent,  at  sea-level.  Apparently  the  reduction  in  the  absolute 
amount  of  oxygen  present  at  these  higher  altitudes  did  not 
perceptibly  affect  the  explosibility  of  gas  or  dust.  The  Primero 
Mine  (Colorado),  which  was  situated  at  an  altitude  of  6,900  feet 
above  sea-level,  had  had  two  explosions,  the  Last  being  violent 
and  extensive.  While  the  origin  was  considered  to  be  the  ignition 
of  pockets  of  firedamp,  the  propagation  was  undoubtedly  due  to 

*  TVmiur.  Inxt.   M.   E..   1912,  vol.   xliii.,  pages  132  and  263;  and  vol.   xliv., 
pages  228  and  454. 
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coal-dust.  The  recent  explosion  at  Dawson  (New  Mexico),  which, 
he  had  just  investigated,  was  a  true  dust  explosion,  and  had  cost 
the  lives  of  about  260  men.  Analyses  of  mine-air  samples  taken 
two  days  previous  to  the  explosion,  and  of  samples  taken  after 
the  explosion,  indicated  practical  freedom  from  methane.  The 
coal-bed  is  at  an  elevation  of  about  6,500  feet  above  sea-level. 
Apparently  the  degree  of  explosibility  of  gases  did  not  appreci- 
ably change  within  the  pressures  compassed  by  human  life,  that 
was,  from  half  an  atmosphere  to  several  atmospheres. 

It  would  be  noted  that  Mr.  Dean  had  stated  that  explosions  in 
the  lignite  and  sub-bituminous  mines  were  practically  unknown. 
This  was  not  quite  correct,  as,  for  example,  the  Hanna  (Wyoming) 
explosion  in  a  mine  producing  sub-bituminous  coal.  There  had 
also  been  lesser  explosions  in  some  of  the  other  lignitic  mines. 
Laboratory  and  gallery  tests  at  Pittsburgh  of  the  dusts  from  black 
lignite  coals  found  in  the  West  had  shown  that,  despite  a  moisture 
content  of  15  to  20  per  cent.,  they  were  extremely  explosive  when 
fresh  and  finely  ground.  Usually,  however,  these  coals  did  not 
produce  so  much  fine  dust  as  the  coking  coals.  It  must  not  be 
inferred  from  Mr.  Dean's  remarks  that  there  are  no  brown 
lignites  such  as  are  found  in  Germany.  There  were  vast  areas  of 
such  coals  in  Xorth  Dakota  and  Texas,  but  brown  lignite  could 
not  meet  the  competition  of  the  superior  black  lignites,  or  what 
the  Geological  Survey  termed  *'  sub-bituminous  coals.'' 

He  noted  that  Mr.  Dean  had  mentioned  that  while  gob-  or 
spontaneous  fires  frequently  occurred  in  lignite-mines,  they  did 
not  occur  in  the  coking  coal-mines.  While  the  latter  statement 
was  generally  true  in  the  coking  districts  of  the  Appalachian  field, 
as  well  as  in  the  Raton  Mountain  coking  field  of  Colorado  and 
Kew  Mexico,  it  must  not  be  inferred  that  all  bituminous  districts 
in  the  United  States  were  free  from  gob-fires.  They  were  of 
frequent  occurrence  in  the  high-sulphur  coking  (but  not  in  the 
true  coking)  coals  of  some  parts  of  the  central  fields,  such  as  in 
Central  Illinois  and  Iowa.  Some  authorities  doubted  whether  the 
pyrite  was  responsible,  and  thought  that  the  draw  slate  played 
some  part  in  the  production  of  a  gob-fire.  The  United  States 
Bureau  of  Mines  was  about  to  begin  a  series  of  large-scale  experi- 
ments at  Pittsburgh  to  follow  up  this  matter. 

Mr.  Dean  had  stated  that  one  school  advocated  the  use  of 
blowing  fans,  and  that  the  haulage  should  be  placed  upon  the 
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main  returns,  in  order  that  moistening  of  the  air  could  be  earried 
out  by  steam.  While  it  was  true  thai  many  followed  this  prac- 
tice, i  here  is  a  great  tendency  in  the  eastern  fields  not  to  place  I  he 
haulage-ways  and  mainways  on  the  return  air.  Speaking  for  the 
whole  country,  the  use  of  wet  curtains  mentioned  by  Mr.  Dean 
was  exceptional;  watering  with  tank-cars  was  undoubtedly  the 
moat  usual  method.  In  the  mines  in  which  exhaust-steam  from 
the  fans  was  used,  the  steam  was  usually  discharged  by  jets  direct 
into  the  intake,  and  in  a  few  mines  the  intake  air  was  heated  by 
steam-coils  in  winter,  in  addition  to  the  use  of  steam-jets.  To 
some  extent  fixed  water-sprinklers  were  employed,  but  were 
usually  supplemented  by  other  methods  of  watering.  Calcium 
chloride  was  also  being  used  as  a  moistener  to  a  considerable 
extent  in  West  Virginia.  Washing  with  water-hose  was  practised 
only  to  a  limited  extent  outside  of  Utah,  where  it  was  required 
by  the  State  laws. 

With  the  exception  of  a  few  isolated  cases,  the  use  of  stone- 
dust  or  rock-dust  had  not  yet  been  introduced  into  mines  in  the 
United  States,  although  its  application  had  been  very  much 
discussed.  Since  the  writer  observed  its  successful  testing  in  the 
experiments  at  the  Altofts  gallery  in  1908,  and  its  application  at 
the  Altofts  Collieries,  he  had  felt  that  it  was  one  of  the  best 
methods  which  had  been  proposed  for  tne  prevention  of  explosions, 
and  in  the  arid  portions  of  the  United  States  he  had  urged  the 
trial  of  adobe-dust  or  rock-dust. 

The  well-administered  Delagua  Mine  in  Colorado,  which  he 
had  visited,  but  to  which  Mr.  Dean  had  been  modest  enough  not 
to  refer  by  name,  had,  through  the  agency  of  Mr.  W.  J.  Murray, 
General  Manager,  and  of  Mr.  Dean  and  other  officials,  been  the 
first  to  use  systematically  adobe-dust.  In  many  parts  of  the  Rocky 
Mountains  fields  water  was  very  expensive  to  obtain,  and.  owing 
to  the  low  relative  humidity  of  the  air,  it  was  very  difficult  to 
keep  the  coal-dust  wet.  Under  these  conditions  the  employment 
of  adobe-dust  or  rock-dust  provided  an  admirable  substitute  for 
methods  of  watering. 

Mr.  J.  Taffanel  (Lens,  France)  wrote  that   moistening  the 

air  with  water-vapour  might  be  a  good  process  in  mines  in  which 
the  temperature  was  generally  low,  but  would  be  less  commend- 
able or  practicable  in  deep  mines.   The  use  of  stone-dust  was  much 


74        DISCUSSION COAL-MINING  IN  THE  UNITED  STATES  OF  AMERICA. 

more  advisable  under  the  conditions  applying'  in  most  European 
mines,  and  was  now  employed  in  almost  all  French  dusty  mines. 
It  was,  in  that  country,  considered  necessary  to  control  the  applica- 
tion of  the  process,  and  to  verify  from  time  to  time  the  average 
porportion  of  ash  in  the  mixture  of  coal-dust  and  stone-dust  lying 
in  the  galleries,  which  proportion  must  be  maintained  according 
to  the  degree  of  inflammability  of  the  pure  coal-dust.  The 
Lievin  testing-station  had  constructed  an  apparatus  called 
Inflammateur  a  Oxygene  et  Flamme,  which  was  now  used  in  several 
French  mines  and  gave,  by  a  simple  and  rapid  operation,  the 
degree  of  danger  of  the  dust  collected  in  the  galleries.  In  order 
to  be  sufficiently  safe,  some  mines  must  maintain  the  average 
proportion  of  stone-dust  higher  than  TO  per  cent.  This  high 
percentage,  sufficient,  in  many  cases,  to  prevent  or  to  arrest  a 
coal-dust  explosion,  would,  however,  be  sometimes  insufficient 
to  stop  a  violent  initial  explosion  due  to  firedamp,  or  one  that  had 
originated  in  some  secondary  galleries  or  in  working-places  not 
treated  with  stone-dust.  To  overcome  this  and  to  limit  the  pro- 
pagation, the  districts  of  the  mine  were  separated  by  so-called 
arrets-barrages ,  an  application  of  stone-dust  which  had  been 
devised  and  experimented  with  in  the  Lievin  testing-plant,  and 
might  now  be  found  in  about  1,800  places  in  French  mines. 

Mr.  Dean  had  referred  to  two  cases  in  which  the  first  intima- 
tion of  a  coal-dust  explosion  was,  according  to  the  evidence,  a 
blast  of  air  rushing  in-bye.  One  must  receive  with  some  caution 
the  evidence  of  men  who  had  just  escaped  after  a  great  explosion, 
as  at  such  moments  their  minds  were  not  in  a  proper  state  for  a 
scientific  observation,  and  their  remembrance  might  be  confused. 
He  (Mr.  Taffanel)  had  had  on  several  occasions  to  state  that  such 
evidence  was  completely  opposed  to  controlled  facts  or  to 
other  truthful  evidence.  The  first  current,  which  raised  the  dust 
ahead  of  the  flame,  was  a  direct  current,  rushing  away  from  the 
centre  of  disturbance.  The  flame  travelled  in  this  direct  current, 
leaving  the  smoke  behind  it,  which,  therefore,  could  not  extin- 
guish the  flame,  except  in  the  case  of  slow  explosions,  when  the 
cooling  of  the  burnt  gases  drew  the  flame  behind  and  brought  on 
a  counter  current.  These  laws  were  necessary  consequences  of  the 
theory  of  explosions,  and  had  been  verified  by  many  experiments. 
He  (Mr.  Taffanel)  had  measured  the  speed  of  the  direct  current, 
and  had  found  il  to  lie  about  •'!•'!  yards  (30  metres)  per  second  in 
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the  first   stage  of  the  propagation,  increasing  rapidly  to  about 

llo  yards  (100  metres),  and  220  yards  (200  metres),  or  re  per 

second.  At  such  considerable  speeds  ii  was,  comparatively 
Speaking,  quite  the  same,  whether  the  Ian  bad  been 
stopped  or  not,  and,  therefore,  in  his  (Mr.  Taffanel's)  opinion,  to 
stop  the  tan  during  Bhot-firing  was  a  bad  practice  useless  in 
nun-gaseous  mines,  and  dangerous  iu  gaseous  mines.  A  badly- 
ventilated  mine  was  certainly  moister  than  a  well-ventilated 
one,  and  moist  coal-dust  was  not  so  dangerous  as  dry  coal-dust  ; 
but  the  stopping  of  the  fan  during  some  minutes  had  no  practical 
effect  upon  the  moisture  of  the  mine  and  the  danger  of  coal-dust . 

Mr.  Leonard  R.  Fletcher  (Atherton,  Lancashire)  wrote  that 
he  had  read  Mr.  Dean's  paper  with  much  interest,  particularly  that 
port  ion  of  it  which  bore  on  the  coal-dust  question  and  on  the  vari- 
ous means  adopted  in  the  different  States  of  America  for  overcom- 
ing the  dangers  arising-  from  its  presence  on  the  roadways.  It  was 
doubly  interesting  to  him,  as  he  had  been  in  communication  with 
Mr.  Dean  in  response  to  an  enquiry  from  him  as  to  a  method 
of  spreading  stone-dust  by  the  use  of  compressed  air  at  Atherton 
Collieries.  In  this  method  an  ejector-pipe  was  connected3  at 
certain  points,  to  the  main  range  of  compressed-air  pipes,  with 
one  leg  of  the  ejector  placed  in  a  tub  of  stone-dust,  and  the  dust 
was  then  easily  spread. 

Mr.  Dean's  method  was,  of  course,  more  efficient,  owing  to  the 
fact  that  the  tub  containing  the  stone-dust  was  kept  moving  slowly 
along,  and,  in  consequence,  he  (Mr.  Fletcher)  imagined  that  the 
application  would  be  a  very  even  one.  In  his  (Mr.  Fletcher's)  case, 
as  the  tub  was  stationary,  the  stone-dust  lay  thickest  nearest 
each  distributing  station.  He  was  rather  surprised  at  the  small 
quantity  (600  pounds)  blown  per  hour  by  Mr.  Dean's  machine,  as 
he  (Mr.  Fletcher)  would  have  thought  that  it  would  have  spread 
about  three  times  that  amount.  Mr.  Dean  had  commented  on  the 
distance  over  which  the  air-current  carried  the  fine  stone-dust  ; 
and  he  (Mr.  Fletcher)  had  himself  found  very  distinct  traces  of 
stone-dust  in  working-places  three-quarters  of  a  mile  from  the 
point  of  distributing.  He  was  inclined  to  think  that  the 
dust  would  be  spread  more  evenly  by  machine,  and  in 
practically  the  same  manner  as  the  forces  of  the  mine 
spread    the   coal-dust,   than    by    hand.     Wherever  the  fine  coal- 
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dust  had  gone,  in  like  manner  the  fine  stone-dust  followed,  until 
every  nook  and  crevice  would  be  reached  by  it.  The  quantity  of 
stone-dust  required  must,  of  course,  be  measured  by  the  quantity 
of  coal-dust  present.  At  Atherton  Collieries  as  much  of  the  coal- 
dust  as  possible  was  cleared  away  before  spreading  the  stone-dust, 
and  he  gathered  that  this  was  Mr.  Dean's  practice  also. 

With  regard  to  haulage  by  electric  locomotives  on  the  over- 
head trolley-wire  system,  this  was,  of  course,  prohibited  by  law 
in  the  coal-mines  of  this  country. 

It  was  interesting  to  note  that  in  America  there  was  no  use 
for  small  tubs,  and  that  it  was  considered  almost  a  crime  to  keep 
a  man  at  the  coal-face  waiting  for  empties.  He  should  imagine 
that  recent  legislation  in  this  country  had  at  last  drawn  attention 
to  this  point. 

Mr.  Dean's  conclusions,  that  defective  tubs  and  other  unneces- 
sary sources  of  spreading  coal-dust  should  be  eliminated,  were,  of 
course,  common  sense;  but,  as  the  presence  of  some  coal-dust  was 
inevitable,  it  should  be  borne  in  mind  that,  although  it  was 
impossible  to  clear  away  all  the  coal-dust  deposited,  a  great  deal 
might  be  done  by  sweeping  and  clearing  the  roads  before  the 
stone-dust  was  applied.  The  result  Mas  much  more  satisfactory, 
and  the  work  of  sweeping  would  probably  be  more  than  paid  for 
by  the  saving  effected  in  the  quantity  of  stone-dust  required. 

Mr.  T.  H.  O'Briex  (Dawson,  New  Mexico)  wrote  that  Mr. 
Dean  gave  one  the  impression  that,  in  general,  the  coal-seams 
dipped  considerably,  and  that  it  was  the  usual  practice  to  drive  a 
pair  of  headings  down  the  dip,  turning  levels  to  the  right  and  left, 
and  then  cross-headings,  parallel  with  the  main  slope,  from  the 
latter.  This  method  was  adopted  when  the  dip  was  such  that  the 
tubs  could  not  be  easily  handled,  and  when  the  pitch  was  not 
sufficient  to  make  the  broken  coal  slide  to  the  loading  shoots.  The 
Gallup  mines  were  worked  on  those  lines,  and  Mr.  Dean,  doubt- 
less, had  that  district  in  mind.  The  practice,  however,  that 
prevailed  in  by  far  the  greater  number  of  properties  was  to  drive 
a  pair  of  main  headings,  the  direction  of  which  depended  on  a 
number  of  conditions,  the  most  important  being  the  coal-faces. 
Cross-headings  were  then  turned  at  from  300  to  600  or  700  feet 
apart,  the  distance  depending  on  whether  rooms  were  to  be  turned 
on  one  or  both  of  the  entries.  As  a  rule,  the  latter  practice  pre- 
vail. 
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The  total  haulage-labour  cost  was  y-iven  as  usually  nm  more 
than  2£d.  (5  cents)  per  long  ton  (2,240  pounds),  but  in  dealing 
with  a  colliery  in  one  of  the  Middle  West  States  Mr.  Dean  had 
also  stated  that  thirty-eight  drivers  and  thirty-two  haulage  hands 
(not  including  those  engaged  on  the  upkeep  of  the  track,  etc.) 
were  necessary  to  produce  2,000  tons  per  8-hour  day.  At  the  rate 
prevailing  in  the  West,  this  would  mean  a  cost  of  more  than 
5d.  (10  cents)  per  short  ton  (2,000  pounds). 

With  respect  to  the  heating  of  the  air,  it  was  to  be  regretted 
that  Mr.  Dean  had  not  given  actual  figures,  for  a  period  of  time, 
as  to  the  effect  the  radiators  had  in  raising  the  temperature  of 
the  intake.  He  (Mr.  O'Brien)  had  been  told  that  where  one 
installation,  similar  to  the  one  mentioned,  was  in  use,  there  was 
no  noticeable  improvement  in  the  direction  desired. 

There  could  be  no  doubt  as  to  the  beneficial  effect  of  stone- 
dust  when  mixed  with  the  fine  coal,  if  used  in  sufficient  quantity : 
but  in  a  dusty  mine,  where  the  atmosphere  was  laden  with  fine 
particles  of  coal-dust,  he  seriously  questioned  whether  an  explo- 
sion could  be  prevented  by  blowing  a  little  dry  stone-dust  against 
the  walls  of  the  main  entry  t  hree  times  a  month .  In  such  a  mine, 
it  would  not  take  very  long  to  accumulate  111  grammes  of  coal- 
dust  per  cubic  metre  of  air.  that  being  the  theoretical  amount 
required  to  consume  all  the  oxygen  present.  Moreover,  in  the 
mine  in  question  there  was  always  an  accumulation  of  coal-dust 
in  the  cross-headings  and  working-places.  He  (Mr.  O'Brien) 
knew  that  the  management  of  the  plant  shown  in  Fig.  4  (page 
102)  was  very  active  in  the  matter  of  improving  safety  conditions, 
and  had  accomplished  splendid  results;  but  in  his  opinion  Mr. 
Dean  was  somewhat  hasty  in  claiming  that  any  definite  result- 
had  been  obtained  by  their  method  of  distributing  dust. 

Mr.  H.  F.  Bulman  (Burnopfield)  wrote  that  Mr.  Dean's 
remarks  on  the  size  of  tub  generally  used  in  the  United  States 
of  America  raised  the  practical  question,  which  had  seldom  been 
discussed,  as  to  what  size  of  tub  gave  the  besl  result,  ft  was 
curious  that  practice  in  this  respect  should  vary  so  much  in 
different  districts.  In  the  United  States  of  America  it  seemed 
to  he  much  the  same  as  in  South  Wales,  except  that  the  gauge 
was  wider,  3  to  4  feet,  and  the  tub  was  larger,  holding  2  to  4  lon^ 
'on-.       This  was  contrary  to  the  usual   custom    in    most    of  the 
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coal-miniug  districts  of  the  United  Kingdom,  where  a  tub  hold- 
ing about  10  or  12  cwts.  found  most  favour. 

Mr.  Dean  mentioned  that,  as  one  result  of  the  use  of  the 
large  tub,  hand-putters,  drawers,  or  trammers  were  very  seldom 
employed,  and  he  also  suggested  that  probably  the  large  capacity 
was  une  of  the  principal  factors  that  contributed  to  the  output 
per  man  being  so  much  higher  in  the  United  States  of  America 
than  in  the  United  Kingdom.  The  saving  in  cost  of  putters  and 
trammers  must  be  counterbalanced  to  some  extent  by  the  cost 
of  the  substitution  of  mechanical  power,  but  the  saving  of  labour 
by  mechanical  means  was  generally  economical  both  in  time  and 
money. 

Whether  the  use  of  the  large  tub  tended  to  increase  the 
output  of  the  hewer  was  more  doubtful.  Mr.  Dean  suggested 
that  when  an  empty  tub  was  standing,  a  miner  was  tempted  to 
load  it ;  on  the  other  hand,  however,  it  might  be  said  that  towards 
the  end  of  his  shift  he  might  hesitate  to  fill  a  2-ton  tub,  although 
quite  ready  to  tackle  a  10-  or  12-cwt.  one.  Possibly  the  American 
miner  was  not  so  prone  to  restriction  of  output  as  his  British 
brother !  The  factors  bearing  on  output  were  so  many  that  it 
was  difficult  to  determine  the  effect  of  the  size  of  the  tub  on  the 
production  per  man.  The  following  figures,  giving  the  relation 
between  the  number  and  capacity  of  the  tubs,  and  the  fortnightly 
output  at  nine  collieries  working  under  a  variety  of  conditions, 
might  be  of  interest : — 


Relation  between  thk  Number  and  the  Capacity  of  the  Tubs  used   at 
various  Collieries. 
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nightly 
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Fortnight. 

Tubs. 

per 

rub. 

Capacity. 

per 
Tub. 

eniploed 
Underground. 

Tons. 

Cwts. 

Cwts. 

Tons. 

Tons. 

Tons. 

Northumberland 

13,202 

1,020 

8-5 

8,670 

12-9 

1  o-2 

147 

J  do.   2'  7"  seam 
\  do.  4'  9"  seam 

7,250 

350 

11-5 

4,025 

20-7 

1-801 

1  21/ 

150 

5.550 

350 

13 

4,550 

15  8 

Durham 

6,880 

870 

9 

7,830 

7  9 

0-87 

1-33 

do. 

5,2.34 

610 

8 

4,880 

8  6 

i-07 

1-92 

do. 

13,155 

1, 156 

8 

9,24S 

11-3 

1-42 

1-21 

South  Wales    ... 

19,000 

750 

40 

30,000 

25  3 

0  63 

M22 

do. 

5,563 

250 

23 

5,750 

22-2 

0  97 

1-21 

Staffordshire     . 

1  1.9  4 

1,200 

10 

12,000 

99 

0-99 

170 

Yorkshire 

18,996 

3,500 

6-5 

22,750 

5-4 

0  83 

1-36 

Mean,  113 
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In  (lie  foregoing  figures  the  fortnightly  output  divided  by 
tin-  total  tul)  capacity  varied  from  0*63  t<>  L'52  tons,  the  average 

being  rather  more  than  a  ton.  The  lowest  figure  0"63  ton 
occurred  with  the  Largest  tub,  having  a  capacity  of  2  tons,  while  a 
tub  having  a  capacity  of  SA  cwts.  gave  the  highest  figure — 1*52 
ton-,  it  would  be  most  misleading,  however,  to  suppose  that  this 
proved  that  an  8A-ewt.  tub  was  the  most  efficient,  or  tended  to 
an  increased  production  per  man.  The  average  daily  output 
per  hand  employed  underground  varied  from  1"'-21  to  1/92  tons, 
and  both  these  lowest  and  highest  figures  occurred  with  8-cwt. 
tubs,  while  a  23-cwt.  tub  also  yielded  the  lowest  production  per 
man. 

The  advantages  of  the  small  tub  were  that  it  occupied  less 
height,  and  was  moved  about  more  easily,  and  these  were  con- 
siderable advantages  in  a  thin  seam.  In  some  thin  seams  small 
tubs  were  used  in  the  workings,  and  afterwards  emptied  into 
larger  ones  on  the  main  roads.  Large  tubs  might  be  used  without 
difficulty  in  a  thin  seam  worked  by  longwall  with  mechanical 
conveyors  in  the  face. 

It  was  evident  that,  in  order  to  secure  the  same  output,  a  tub 
with  a  capacity  of  10  cwts.  must  be  conveyed  between  the  coal- 
face and  the  surface  four  times  as  often  as  a  tub  with  a  capacity 
of  2  tons,  or  there  must  be  four  times  as  many  of  the  smaller 
tub  provided.  In  either  case  the  proportion  of  deadweight  to 
be  moved  in  comparison  with  the  useful  load  carried  would  be 
much  higher  with  the  smaller  tub.  In  the  first  cost  of  the  tubs, 
in  the  cost  of  maintaining  them,  and  in  cost  of  winding  and  of 
banking  and  screening,  the  large  tub  should  be  the  more  econom- 
ical. Perhaps  the  large  tub  had  hardly  received  the  consideration 
that  it  deserved. 

The  PRESIDENT  (Mr.  YV.  C.  Blackett)  said  that  the  previous 
speakers  had  so  thoroughly  discussed  the  paper  from  every  point 
of  view,  that  they  had  left  it  difficult  for  anyone  to  continue. 
Mr.  Rice  was  a  very  high  authority  in  America  on  the  question 
of  coal-dust,  and,  of  course,  Mr.  Tat'fanel  they  knew  as  an 
eminent  authority  on  the  subject  in  France.  lie  (Mr.  Blackett) 
had  so  lately  put  forward  his  views  in  his  "  Address  to  Practical 
-Men.  being  some  Further  Notes  on  '  The  Combustion  of  Ox; 
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and  Coal-dust  in  Mines,'  '  *  that  at  the  moment  he  had  nothing- 
further  to  add;  but  perhaps  he  might  advise  those  interested 
to  read  the  Reports  of  the  Explosions  in  Mines  Committee,  of 
which  five  had  already  been  issued,  the  latest  of  which  contained 
suggestions  as  to  the  mixing  of  non-combustible  dusts  with  coal- 
dust  in  order  to  make  mines  safer. 

It  was,    he  thought,   a   somewhat  quaint   idea   that   anyone 
could  conceive  it  possible  for  a  wave  of  air  to  rush  towards  the 
advancing  wave  from  an  explosion,  as  suggested  in  the  discus- 
sion.   What  really  happened  was  that  the  mysterious  air-current 
noticed  in  the  first  instance  was  rushing  to  the  vacuum  that  had 
been  left  behind,  and  not  in  front  of  the  explosion.     He  might 
say  that,  in  connexion  with  the  fifth  Report  of  the  Explosions  in 
Mines  Committee,  the  members  of  the  committee  had  devoted  all 
their  energies  so  far  in  trying  to  suggest  how  a  dust  ignition  could 
be  prevented,  and  had  not  got  so  far  as  to  deal  fairly  with  the 
question  of  stopping  an  explosion  once  started.    It  seemed  to  him 
that  if,  by  any  possible  means,   explosions  could  be  prevented, 
there  was  no  need  to  worry  about  the  means  of  stopping  them,  so 
that  the  barriers  mentioned  by  Mr.  Taffanel  would  be  unnecessary. 
They  could  experiment  how  to  stop  an  explosion  starting  in  an 
experimental  gallery,  but  it  was  perfectly  hopeless  to  hope  to 
carry  the  experiment  on  to  its  ultimate  end,  as  no  gallery  could 
furnish  the  conditions  that  existed  in  a  mine.     If  they  were  to 
arrive  at  any  conclusion  about  possible  explosions  in  mines  from 
the  exceedingly  limited  means  available  for  experimenting,  they 
would  probably  only  deceive  themselves,  and  not  arrive  at  the 
truth.     Mr.  Rice,  dealing  with  one  particular  part  of  the  paper, 
said  that  apparently  the  reduction  in  the   absolute  amount  of 
oxygen  present  at  higher  altitudes  did  not  perceptibly  affect  the 
explosibility  of  gas  or  dust.       He  (Mr.  Blackett)  thought  that 
experiments  had  borne  out  that  view,  but  what  he  could  conceive 
to  be  the  case  was  that,  while  they  did  not  seriously  affect  igni- 
tion,  they  would  affect  the  violence  until  the  progress  of  the 
explosion  had  set  up  in  front  of  it  such  conditions  as  made  the 
barometrical  pressure  a  matter  of  indifference.     Once  pressures 
were  established  in  front  of  the  explosion  greater  than  or  as  great 
as  were  got  on  higher  barometers,  then  the  altitude  at  which 
operations  were  being  carried  on  would  no  longer  matter. 

*  Trans.  Inst.  M.  E.,  1913,  vol.  xlv.,  page  295. 
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Mr.  J.  B.  Atkinson  (Newcastle-upon-Tyne)  said  thai  in  coal- 
dust-and-air  explosions  there  was  one  aspect  which  he  thought 
had  nut  received  sufficient  attention.  The  principal  sources  of 
coal-dust  in  mines  were  (1.)  the  working  of  the  coal,  (2)  the  haul- 
ing of  the  coal,  and  (:>>)  the  screening  of  the  coal.  There  were 
other  sources,  such  as  coal  falling  off  the  sides  of  roads  and 
being  ground  up  by  the  feet  of  horses  and  men  passing,  but  the 
dust  from  these  sources  was  not  great.  The  dust  at  the  face,  he 
thought,  would  always  have  to  be  there  more  or  less,  but  screen- 
dust  could  be  easily  dealt  with.  With  regard  to  the  dust  from 
haulage  operations,  more  might  be  done  in  the  way  of  prevention, 
by  making  better  tubs  and  by  covering  them,  and  by  having  more 
roomy  airways,  so  that  the  air-current  would  not  blow  dust  from 
the  tubs  :  also  they  might  have  slower  haulage,  and  in  many  cases 
haulage  in  the  return  airway,  taking  the  coal  with  the  air  in- 
stead of  against  it.  He  thought  that  it  was  finite  possible  that 
by  careful  attention  to  detail  the  accumulation  of  coal-dust  on 
haulage-roads  might  be  prevented  almost  entirely,  and  on  the 
principle  that  prevention  was  better  than  cure,  it  might  not  be 
necessary  to  do  anything  further. 

There  were  one  or  two  points  with  regard  to  the  movement  of 
air  in  connexion  with  explosions  that  were  of  considerable  inter- 
est. He  supposed  that  they  only  followed  the  natural  physical 
laws,  and  could  always  be  accounted  for.  It  was  quite  common 
where  there  was  a  cul  de  sac  in  which  there  was  nobody  at  the 
time  of  the  explosion,  and  into  which  it  was  absolutely  certain  the 
explosion  had  gone,  to  find  evidence  of  reversed  force,  showing 
that  the  air  had  been  compressed  and  then  come  out.  In  many  of 
these  cases  the  flame  of  the  explosion  did  not  enter  at  all,  even 
although  the  road  was  dusty,  because  the  dust  had  not  been 
raised  owing  to  there  being  no  through  current,  so  that  simply 
a  compression  of  air  had  taken  place. 

After  the  explosion  at  the  William  Pit  at  Whitehaven,  which 
was  due  to  firedamp,  and  took  place  in  a  stone-drift  about  a 
quarter-of-a-mile  in-bye  from  a  cabin  by  the  side  of  the  road,  the 
overman  who  was  sitting  in  the  cabin  felt  the  explosion, 
came  to  the  door,  and  found  a  current  of  dust-laden  air  going  in 
the  direction  whence  the  explosion  originated.  II is  first  thought 
was  that  a  fall  had  occurred  out-bye  and  se  raised  the  dust,  but 
what  really  had  happened  was  that  the  air-current  was  resuming 
its  ordinary  course  laden  with  dust.     Another  point  that  he  (  Mr. 
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Atkinson)  would  like  to  emphasize,  because  he  did  not  see  it 
mentioned,  was  thai  coal-dust  was  more  dangerous  than  fire- 
damp in  this  respect.  With  firedamp,  before  an  explosion 
would  travel,  that  gas  had  to  be  present  in  roughly  from  6  to  16 
per  cent,  by  volume;  outside  these  limits  flame  would  not  pass; 
with  coal-dust,  a  minimum  quantity  was  required,  but  practically 
no  maximum.  So  far  as  observations  had  been  made,  if  suffi- 
cient coal-dust  was  on  the  roads,  it  did  not  matter  how  much 
more  there  was  present  above  the  minimum.  Many  haulage- 
roads  in  the  past  had  far  above  that  minimum,  and  then  the  con- 
ditions for  a  violent  explosion  extending  over  their  whole  lengths 
were  always  present. 

Mr.  C.  C.  Leach  (Seghill)  remarked  that  in  the  second  ex- 
plosion at  Cadeby  Colliery  the  explosion  stopped  when  there  was 
only  36  per  cent,  of  stone-dost  present  on  the  road;  whereas  Mr. 
J.  Taffanel  had  stated  that  70  percent,  must  be  maintained,  in 
some  mines,  to  make  them  sufficiently  safe,  which  percentage 
appeared  to  be  excessive. 

The  President  (Mr.  W.  C.  Blackett)  said  that  all  the  re- 
marks that  had  been  made  would  be  forwarded  to  Mr.  Dean,  who 
was  abroad,  and  his  reply  would  appear  in  the  Transactions. 


DISCUSSION  OF  DE.  W.  M.  THOENTON'S  PAPEE  ON 
"THE  COMPAEATIYE  INFLAMMABILITY  OF  MIX- 
TUEES  OF  PIT-GAS  AND  AIE,  IGNITED  BY 
MOMENTAEY  ELECTEIC  ARCS."* 

Mr.  Eobert  Nelson  (London)  wrote  that  the  present  paper 
appeared  to  him  mainly  to  show  that,  of  the  three  gases  with 
which  Dr.  Thornton  had  experimented — coal-gas,  methane, 
and  pit-gas — pit-gas  was,  in  general,  appreciably  less  sensitive 
than  the  other  two.  This  was  a  reassuring  fact  so  far  as  it  went, 
and  it  was  in  line  with  the  recollection  that  he  had  of  one  of 
Dr.  Thornton's  earlier  papers,  wherein  it  was  demonstrated 
that  quite  considerable  electric  arc-  were  sometimes  harmless  in 
mixtures  much  more  highly  explosive  than  the  present  paper 
showed  a  mixture  of  pit-gas  and  air  to  be.  Both  Dr.  Thornton's 
papers    on    the    inflammability    of    explosive    mixtures    of    gas 

*  Tram.  Inst.  M.  A'..,  191?,  vol.  xlvi.,  page  11-2. 
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wild  air  by  fleet  lie  arcs  welt'  ill  hi>  (Mr.  Nelson's)  view  reassur- 
ing", as  they  seemed  to  minimize  such  risk  of  explosion  as  was 
supposedly  attached  to  light  ing  circuits  and  to  signalling  circuits 
below  ground. 

J)r.  F.  C.  Garrett  (Armstrong  College.  Newcastle-upon- 
Tyne)  wrote  that  the  analysis  of  pit-gas  No.  2  was  extremely 
interesting,  and  the  gas  was  worth  examining  more  fully.  Dr. 
Harger  assigned  the  value  I'll  to  "  n  "  ;  if  that  value  was  correct, 
the  gas  must,  in  addition  to  methane,  contain  10  per  cent,  or 
more  of  some  other  compound  of  carbon-  possibly  ethane — and 
ethane  was  so  rarely  present  that  the  figure  required  confirm- 
ation. Possibly  this  would  account  for  the  difference  which  Dr. 
Thornton  had  observed  in  the  behaviours  of  pit-gases  Nos.  1  and 
2,  for  there  was  good  reason  to  believe,  as  Dr.  Thornton  himself 
had  pointed  out,  that  the  arc  was  very  sensitive  to  small 
differences  in  the  composition  of  the  gas.  On  a  former  occasion 
he  had  criticized  Dr.  Thornton's  work  on  the  ground  that  insuffi- 
cient attention  had  been  paid  to  the  composition  of  the  gases  used, 
and,  in  reply,  the  writer  of  the  paper  had  stated  that  "he  regarded 
the  criticism  as  a  typical  example  of  wrong  criticism,  because  the 
actual  facts  of  electrical  ignition  by  break-sparks  could  be  shown 
to  depend  very  little  upon  variations  of  the  constitution  of  the 
gas."*  Dr.  Thornton  had  siuce  then  gained  much  more  experi- 
ence of  the  ignition  of  gaseous  mixtures,  and  now  held  that 
''the  electrical  method  of  examining  gases  is  more  and  not  less 
sensitive  than  chemical  analysis  in  showing  differences  in  com- 
position, "t  He  (Dr.  Garrett)  was  very  glad  to  find  himself  in 
agreement  with  his  old  friend. 

The  points  marked  in  Dr.  Thornton's  curves  were,  he  under- 
stood, not  the  results  of  individual  experiments,  but  the  averages 
of  the  results  of  a  number,  and  he  would  like  to  ask  what 
variation  was  found  between  the  experiments — what  degree  of 
accuracy  Dr.  Thornton  felt  justified  in  claiming  for  his  results. 
Dr.  Thornton,  he  believed,  was  continuing  his  work,  and  he 
(Dr.  Garrett)  would  suggest  that  the  value  of  future  papers 
would  be  increased  if  the  results  were  given  in  tabular  form  as 
well  as  in  curves.  He  (Dr.  ^Garrett)  was  informed  that  the 
tables  in  the  present  paper  did  not  record  actual  observations,  hut 
were   prepared    from    the    curve-,    which    made    it    rather    more 

*  Trans.  Inst.  M.  E.,  191-',  vol.  xliv.,  page  490. 
t  Ibid.,  1913,  vol.  xlvi.,  page  121. 
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difficult  to  study  the  work  in  detail.  He  hoped  that  Dr.  Thorn- 
ton would  include  in  his  reply  a  set  of  corrected  tables,  for,  as 
he  had  pointed  out  to  him  privately,  those  in  the  paper  contained 
a  considerable  number  of  mistakes. 

The  President  (Mr.  AV.  C.  Blackett)  said  that  he  had  been 
somewhat  struck  by  one  or  two  terms  used  in  the  paper,  and  at 
the  same  time  had  felt  afraid,  owing  to  his  limited  scientific 
knowledge,  of  tackling  Dr.  Thornton  on  the  point";  he  had  there- 
fore thought  it  well  to  shift  the  burden  of  doing  so  on  to  some  one 
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OXYGEN,  PER  CENT. 

Mixtures  <>k  Methane,  Oxygen,  and  Nitrogen.  Flame  is  propagated 
throughout  any  mixture  containing  m ethane  and  oxygen  in  the 
Proportions  shown  by  the  shaded  portion  of  the  Diagram. 


DISCUSSION — INFLAMMABILITY   OF   PIT-GAS   AND    \IK. 


85 


rise's  shoulders,  mid  had  scut  the  paper  to  Dr.  R.  Y.  Wheeler,  of 
Eflkmeals.  Dr.  Wheeler  had  stated  that  "  it  was  a  great  pity 
that  the  nomenclature  adopted  in  the  paper  was  so  obscure. 
Thus  'the  lower  limit  of  explosive  inflammability'  was  denned 
as  being  'the  percentage  of  gas  in  air  which  is  able  to  transmit 
an  explosive  wave  indefinitely.'*  He  (Dr.  Wheeler)  had  not 
heard  the  term  'explosive  inflammability'  before,  hut  since  the 
reference  was  to  his  own  paper,  written  in  collaboration  with 
Mr.  M.  -T.  Burgess,  he  supposed  that  '  inflammation  '  was  meant. 
In  thai  case  the  lower  limit  of  inflammation  \\;is  the  smallest 
quantity  of  gas  in  air  which  would  enable  self-propagation  of 
flame  to  take  place  after  ignition  had  been  effected — there  was 
no  explosive  wave  about  it.  Again,  the  sentence  beginning 
'  The  mechanism  of  explosive  ignition  't  was  very  obscure,  as 
was  also  the  remainder  of  the  paragraph.  The  only  other  state- 
ment to  which  he  would  make  reference  was  that  '  the 
reduction  of  oxygen  by  means  of  an  inert  gas  to  17  per  cent,  is 
sufficient  to  hinder  greatly,  if  not  to  prevent  entirely,  the 
inflammation  of  methane. '%  That  statement  was  incorrect.  He 
had  made,  with  Mr.  Burgess,  a  number  of  experiments  on  the 
limits  of  inflammation  of  methane  with  air  having  a  reduced 
oxygen  content.  The  inflammation  of  methane  was  not  greatly 
hindered  by  the  reduction  of  the  oxygen  content  to  IT  or  to  15 
per  cent.,  though  the  limits  of  inflammation  were  narrowed. 
The  higher  and  lower  limits  with  various  atmospheres  were  as 
shown  in  the  following  table: 

Higher  and  Lower  Limits  of  Inflammation  of  Methane  with  varying 

Atmospheres. 


Atmosphere. 

Percentages  by  Volume  of  Methane  and  of  Oxygen 

in  Limit  Mixtures 

Volume. 

Highei 

Limit. 

Lower  Limit 

<  >xygen. 
Per  cent. 

Nitrogen. 

Methane. 

Oxygen. 

Methane 

Oxj 

Per  cent. 

Per  cent. 

Per  cent. 

Pel'  cent 

Per  cent 

20-9 

79-1  (air) 

5-6 

19-7 

14  S 

178 

170 

S3-0 

5-8 

160 

1045 

15-2 

149 

8  VI 

6-2 

13  96 

8  3 

13-6 

1385 

86-15 

6-4 

12-95 

7  3 

12-85 

13o 

86-5 

6-45 

12-60 

7  05 

12  55 

13  25 

86-75 

No   mixture 

capable    of   self-propagation   of    flame 
could  be  obtained. 

*  Trans.  Inst.  M.  E.,  1913,  vol.  xlvi.,  page  112. 
I  Ibid.,  page  118.  J  Ibid.,  page  114. 
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"  It  would  be  seen  that  the  figure  for  the  lower  limit  was  not 
greatly  affected  by  reducing  the  oxygen  content  of  the  atmo- 
sphere. The  results  were  perhaps  shown  more  clearly  by  the 
diagram  in  the  text,  in  which  the  percentages  of  methane  were 
plotted  against  the  percentages  of  oxygen  in  the  limit  mixtures. 
In  the  diagram  any  mixture  of  metliane,  oxygen,  and  nitrogen, 
containing  methane  and  oxygen  in  the  proportions  shown  by  the 
shaded  portion,  was  capable  of  self-propagation  of  flame." 

Mr.  J.  B.  Atkinson  (Newcastle-upon-Tyne)  remarked  that  he 
did  not  quite  understand  the  reference  that  was  made  to  16  per 
cent,  of  oxygen  in  the  air  of  mines  at  high  altitudes  in  the 
United  States  of  America.  He  thought  that  the  percentages 
would  remain  the  same  at  any  altitude. 

The  President  replied  that  what  was  stated  was  that  at  the 
high  altitude  mentioned  the  oxygen  became  so  thin  as  to  equal 
only  16  per  cent,  at  ordinary  levels;  the  actual  percentage,  of 
course,  remained  the  same,  the  nitrogen  being  also  less.  Dr. 
Harger  in  his  treatment  of  the  subject  did  not  give  proper  con- 
sideration to  the  fact  that  when  he  reduced  his  oxygen  content 
he  did  not  reduce  his  nitrogen  content.  That  was  a  point  to 
which  he  (the  President)  drew  attention  in  his  own  paper.  It 
might  make  a  great  difference  physiologically  and  physically 
whether  one  put  a  whole  glass  or  only  half  a  glass  of  water  into 
his  whisky. 

Dr.  W.  M.  Thornton  (Armstrong  College,  Newcastle-upon- 
Tyne),  in  reply,  said  he  thought  that  there  might  have  been 
more  remarks  dealing  with  the  paper  as  a  whole  instead  of  with 
the  details,  because  the  important  point  was  that  actual  pit- 
gas  was  much  less  inflammable  than  methane.  That  was  a 
point  which  he  did  not  think  had  ever  been  brought  out  before 
experimentally.  There  had  been  no  experiments  that  had 
given  the  relative  inflammability  at  different  percentages  of 
either  pit-gas  or  methane.  The  chief  point  of  his  paper  was 
the  extraordinary  degree  in  which  the  safety  of  a  mixture  was 
increased  by  the  excess  of  nitrogen.  Dr.  Garrett  spoke  of  the 
value  of  "  n  "  equal  to  111  in  Dr.  Harger's  tests.  Even  if 
the  whole  11  per  cent,  increase  were  due  to  ethane,  it  would  not 
raise  (lie  igniting  current  as  much  as  would  be  seen,  bv  a  com- 
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parison  (it  the  curves  for  pit-gases  Nos.  1  and  'J  in  Fig.  I.  ii  had 
been  raised.  With  regard  to  the  Lowest  igniting  currents  for 
the  gases  in  the  paraffin  series,  from  methane  topentane,  by  both 
continuous  and  alternating  currents,  the  feature  of  the  con- 
tinuous-current ignition  was  that  the  minimum  igniting  current 
was  the  same  for  all  the  gases,  while  with  alternating  current 
gases  <'t  higher  molecular  weight  required  the  greatest  igniting 
current.  (Lantern-slides  showing  these  results  were  here 
exhibited.) 

The  difference  between  all  ethane  and  all  methane  was  only 
one  ampere  at  the  most  inflammable  mixtures,  whereas  the  differ- 
ence between  pit-gasevS  Nos.  1  and  2  was  3  amperes,  and  it  could 
not  he  said  that  that  difference  was  due  to  11  per  cent,  of  ethane, 
even  if  it  were  present .  The  sensitiveness  of  a  gas  to  ignition  by  a 
direct  current  was  a  function  chiefly  of  the  electrical  conditions, 
and  with  an  alternating  current  chiefly  of  the  constitution  of 
the  g^s.  The  points  on  the  curves  marked  in  black  were  the 
actual  observations,  The  tables  were  taken  from  the  curves  in 
cases  where  the  points  did  not  coincide  with  a  round  figure  of 
the  percentage  or  of  the  voltage  which  was  being  varied.  The 
method  of  finding  any  point  experimentally  was  to  take  a  sample 
of  gas  and  break  the  measured  current  in  it;  it  there  was  no 
explosion,  the  current  was  raised  until  an  ignition  was  obtained, 
the  mixture  being  renewed  after  about  twenty  sparks  had  been 
passed  in  all.  There  was  always  found  to  be  one  particular 
current  for  any  mixture  at  a  given  voltage,  and  in  the  case  of 
alternating  currents  at  a  given  frequency,  which  just  failed  to 
ignite  the  gas.  The  difference  between  a  current  which  ignited 
and  one  which  failed  to  ignite  the  gas  was  never  more  than  -r) 
per  cent.,  either  with  alternating  or  with  direct  current.  The 
points  on  the  curves  could,  therefore,  be  relied  upon  to  that  degree 
of  accuracy,  and  the  tables  were  transcribed  from  the  curves. 

With  regard  to  Dr.  Wheeler's  remarks  as  to  nomenclature, 
they  were  perhaps  rather  hypercritical.  The  Lower  limit  in  the 
experiments  was  that  which  just  gave  an  explosion  of  a  definite 
type  in  the  apparatus.  With  regard  to  the  reduction  of  the  per- 
centage of  oxygen,  it  was  by  means  of  inert  gas — nitrogen  aof 
by  lowering  the  pressure  of  the  whole  mixture,  and  from  a  com- 
parison of  pit-gases  Nos.  1  and  2,  he  (Dr.  Thornton)  could  see  no 
other  explanation  for  the  difference  between  the  curves  of  Fig. 
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4  than  the  influence  of  nitrogen.  His  measure  of  inflammability 
was  not  that  of  Dr.  Wheeler,  who  only  used  the  higher  and  lower 
limits  as  a  measure  of  inflammability.  The  curves  in  the  present 
paper  gave  the  inflammabilities  not  at  the  upper  and  lower  limits 
so  much  as  at  points  between  them.  No  comparison  could  there- 
fore be  made  between  Dr.  Wheeler's  figures  and  those  given  in 
the  paper,  although  his  values  were  exceedingly  interesting,  as 
showing  in  another  way  the  influence  of  nitrogen  on  the  inflam- 
mability of  gases. 

The  President  said  that  Dr.  Thornton  had.  in  his  paper, 
called  it  "  explosive  inflammability." 

Dr.  Thornton  replied  that  "  explosive  "  was  merely  an  adjec- 
tive to  show  there  was  more  than  local  burning  round  the  spark 

Mr.  Atkinson  asked  why  there  should  be  a  difference  between 
alternating  and  direct  currents  as  to  temperature  of  ignition,  as 
it  was  only  a  matter  of  heat.  Was  the  lowest  point  of  ignition 
always  the  point  where  the  chemical  mixture  was  that  suitable  for 
perfect  combustion  ? 

Dr.  Thornton  replied  that  in  his  opinion  it  was  a  matter 
of  ionization,  and  that  heat  was  a  secondary  factor.  The  alter- 
nating current  was  anywhere  from  five  to  ten  times  safer  than  a 
direct  current,  because  it  took  as  many  times  greater  alternating 
current  to  produce  the  same  ionization  and  to  ignite  the  same  gas 
as  a  direct  current.  With  reference  to  Mr.  Atkinson's  second 
question,  the  curves  for  alternating  currents  were  perfectly 
symmetrical;  within  the  limits  they  were  parabolic.  The 
minimum  in  all  the  curves  was  midway  between  the  limits,  this 
being  due  to  the  fact  that  from  the  point  of  maximum  inflam- 
mability the  explosion  was  diluted  equally  on  the  one  side  by  the 
air  and  on  the  other  side  by  the  gas,  until  the  limits  were  reached 
by  the  lack  of  oxygen.  There  was  a  point  that  he  should  like  to 
make  again,  namely,  that  in  the  pit  nitrogen  was  given  off  from 
the  coal  into  the  air  to  a  degree  which  in  the  gases  he  had 
examined  was  sufficient  to  raise  the  current  which  was  necessary 
to  be  broken,  in  order  to  ignite  mixtures  of  the  gas  and  air,  by  a 
considerable  amount.  He  would  like  to  impres-  upon  his 
chemical  friends  that  when  looking  at  a  picture  one  did  not  spend 
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all  one's  time  in  criticizing  the  brush-marks,  but  tried  to  look  at  it 
as  a  whole,  and  that  was  the  real  point  which  he  had  at  issue  with 
the  gentlemen  who  had  discussed  his  paper  thai  they  had  not 
considered  the  subject  as  a  whole.  The  last  point  with  which  he 
would  deal  was  that  the  only  other  method  of  gauging  inflam- 
mability between  the  limits  had  been  by  the  velocity  of  explosion, 
which,  as  everyone  knew,  was  an  exceedingly  difficult  matter, 
requiring  most  expensive  apparatus,  whereas  in  the  present  case 
the  cost  was  only  a  few  shillings,  and  it  was  povssible  to  make 
accurate  measurements. 

The  President  asked,  with  regard  to  the  theory  of  the  explo- 
sion being  caused  by  the  collision  of  the  ions,  whether  there  was 
any  flame  at  all  in  which  no  ions  existed?  When  speaking  of 
flames,  not  knowing  that  there  were  ions  in  them,  were  they  not 
speaking  of  the  same  thing?  If  flames  must  have  ions  in  them, 
there  was  no  need  to  analyse  the  flames,  hut  were  there  any  flames 
with  no  ions  in  them  ? 

Dr.  Thornton  replied  that  there  were  not;  all  flames  were 
full  of  ions. 

The  President  said  that  it  did  not  matter,  then,  whether  the 
explosion  was  caused  by  the  ions  or  by  the  flame. 

Mr.  Atkinson  asked  Dr.  Thornton  to  explain  what  "ions'" 
were  ? 

Dr.  Thornton  replied  that  ions  were  minute  particles  of 
matter  which  were  electrically  charged.  If  electricity  were 
divided  to  the  finest  point,  there  were  corpuscles  or  electrons. 
These  might  be  free  or  associated  with  matter,  and  when  associ- 
ated Avith  mattei  the  charged  particle  was  called  an  "  ion."  He 
hoped  that  the  President  did  not  suggest  that  they  had  known 
all  about  ionization  in  gaseous  explosions  all  along. 

The  President  replied  in  the  negative.  They  might  have 
known  nothing-  about  the  point,  but  they  had  always  known  that 
a  flame  caused  an  explosion,  and  that  time  and  degree  had  a 
good  deal  to  do  with  the  phenomenon.  If  by  taking  time  and 
degree  into  consideration  the  same  purpose  was  effected  as  by 
Dr.  Thornton  with  ions,  then  they  need  not  bother  about  this 
latter  term. 
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Dr.  Thornton  said  that  the  chemist's  present  view  with  re- 
gard to  explosions  was  that  it  was  simply  a  thermal  process — 
that  was,  a  molecular  bombardment,  but  Sir  J.  T.  Thompson 
bad  made  a  suggestion  some  years  ago  that  an  explosion  might 
be  helped  by  ionization.  Prom  the  experimental  results  he 
believed  a  gaseous  explosion  to  be  electrical  in  the  first  place,  and 
that  the  thermal  effects  were  secondary. 

The  President  said  that  they  were  all  very  much  obliged  to 
Dr.  Thornton  for  his  valuable  paper.  He  did  not  think  that  Dr. 
Thornton  could  say  that  they  had  not  grasped  the  important 
points.  They  had  been  very  much  comforted  by  the  knowledge 
which  they  had  gained  from  it,  and  Mr.  Nelson  in  his  remarks 
also  drew  attention  to  that  fact.  Their  thanks  were  due  to  Dr. 
Thornton  for  an  interesting  discussion  of  a  valuable  paper,  which, 
although  they  had  criticized  it,  they  had  much  appreciated. 


Mr.  Leo  Dorey  Ford's  "  Notes  on  a  New  Process  for  the 
Washing  of  Coal  at  the  St.  Nicholas  Pit  of  the  Societe  des  Char- 
bonnages  de  l'Esperance  et  Bonne  Fortune,  near  Liege,  Bel- 
gium,'' were  taken  as  read,  as  follows: — 
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NOTES  0*  A  NEW  PROCESS  FOR  THE  WASHING  OF 
COAL  AT  THE  ST.  NICHOLAS  PIT  OF  THE  SOCIETE 
DES  CHARBONNAGKES  J)E  L'ESPERANCE  ET  BONN  E 
FORTUNE.  NEAR  LIEGE.  BELGIUM. 


By  LEO  DOEEY  FORD,  B.Sc. 


This  process,  which  employs  solely  ascensional,  descensional, 
and  horizontal  currents  of  water,  is  at  the  present  moment  just 
emerging  from  a  more  or  less  experimental  stage.  Improvements 
in  details  are  being  made,  but  the  system  has  given  such  entire 
satisfaction  that  great  interest  is  being  evinced  in  it  by  Belgian 
engineers,  and  the  writer  believes  that  several  large  companies 
are  thinking  seriously  of  adopting  it  on  a  big  scale.  The  only 
existing  installation  of  any  importance,  other  than  that  at  the 
St.  Nicholas  Pit.  which  has  also  proved  a  great  success,  is  at 
Pont  a  Yendin,  France,  where  the  Societe  des  Mines  de  Lens  have 
erected,  at  their  centra]  wnshery,  a  plant  for  washing  two  sizes 
of  fines. 

At  the  St.  Nicholas  Pit  the  coal  gives  an  exceptional  and 
constantly  varying  quantity  of  what  is  known  as  mixtes  or  barret, 
that  is,  particles  of  coal  containing  from  15  to  60  per  cent,  of  ash. 
These  particles  render  the  washing  more  than  usually  difficult, 
for  it  is  very  hard  to  make  a  division  between  the  waste  and  the 
valuable  products. 

Until  the  introduction  of  this  system,  washing  was  performed 
by  Coppee  jig-washers  with  the  Henry  system  of  piston  control. 
This  plant,  which  was  designed  to  treat  60  tons  per  hour,  formerly 
gave  very  good  results ;  but,  owing  to  the  introduction  of 
mechanical  coal-cutters  and  a  consequent  increase  in  the  output, 
and  also  to  a  reduction  in  the  working  hours,  it  was  found  In  he 
inadequate.  Furthermore,  the  exploitation  of  new  and  dirtier 
seams,  and  the  varying  nature  of  the  coal,  rendered  (lie  regula- 
tion and  control  of  the  pistons  increasingly  troublesome,  and  it 
was  found  that  a  considerable  percentage  of  valuable  products  was 
being  lost.  To  have  installed  a  larger  plant  on  the  same 
lines    would    have    entailed   the   outlay    of    a    greal    amount    of 
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capital,  and  the  size  of  the  building's  would  have  had  to  be 
increased.  With  a  view  to  the  possible  avoidance  of  this,  and  to 
the  rewashing  of  the  waste  products  from  the  jigs,  experiments 
were  made  with  an  apparatus  of  the  Stromapparat  type,  which 
happened  to  be  at  the  colliery.  These  experiments  led  to  a 
modification  and  improvement  of  the  apparatus,  and  to  the 
invention  of  a  new  one.  to  which  the  name  of  Rheolaveur  was 
given.  The  Rheolaveur  gave  such  unexpectedly  good  results  that 
the  management  finally  decided  to  do  away  entirely  with  the  jigs, 
and  to  adopt  it  as  the  sole  method  of  washing. 

As  yet  the  transformation  is  not  quite  complete,  three  jigs 
being  still  employed  for  the  two  largest  sizes  of  coal  washed,  and 
the  arrangement  of  the  washery,  though  satisfactory,  is  not  alto- 
gether such  as  would  be  adopted  for  the  installation  of  an 
entirely  new  plant.  For  this  reason  the  object  of  these  notes  is 
not  so  much  to  describe  the  plant  at  the  St.  Nicholas  Pit  as  to 
describe  the  methods  employed,  and  to  give  an  indication  of  the 
claims  and  possibilities  of  the  process. 

The  principles  underlying  the  system  and  the  construction  of 
the  apparatus  are  as  follows: — If  unwashed  coal  or  mineral  is 
carried  by  a  current  of  water  along  a  trough  of  suitable  inclina- 
tion and  dimensions,  a  classification  of  the  particles  according 
to  their  relative  volumes  and  specific  gravities  will  tend  to  take 
place.  Supposing  that  the  coal  or  mineral  is  first  classified  by 
volume',  the  subsequent  trough  classification  will  be  by  order  of 
density  alone  :  the  particles  of  the  highest  density  will  form  a 
layer  on  the  bottom  and  near  the  upper  end  of  the  trough,  whilst 
the  lighter  particles  will  separate  out  in  layers  further  on  in  the 
trough,  according  to  their  various  densities.  If  now  the  bottom 
of  the  trough  c  (Fig.  1,  Plate  IT.)  is  provided  with  a  number 
of  openings  or  slits  a,  a,  the  denser  particles  will  tend  to  fall 
through  such  openings,  while  the  less  dense  particles  will  be 
canied  over  them.  It  is  not,  however,  possible  to  arrange  the 
inclination  of  the  trough,  the  speed  of  the  current  of  water,  or 
the  breadth  of  the  openings,  in  such  a  manner  as  to  separate 
cleanly  the  pari  icles  of  different  density  ;  but  if  ascending  currents 
of  water  at  suitable  constant  velocities  are  led  into  a  series  of 
chambers  placed  beneath  and  connected  with  the  openings  a,  a, 
the  particles  of  Lesser  density  which  are  not  desired  to  fall  may 
be  arrested  and  carried  back  into  the  trough  by  means  of  these 
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ascending  currents,   whilst   the  denser  particles   Palling  against 
tin-  currents  are  discharged  below. 

The  Rheolaveur,  ('(instructed  on  these  well-known  principles, 
is  in  its  elemental  form  as  shown  in  Fig.  2  (Plate  IV.).  and  is 
simply  a  chamber  partly  rectangular  and  partly  pyramidal* 
haying  a  dividing  partition  or  wall  across  the  upper  portion  of  its 
breadth.  The  portion  of  the  chamber  on  one  side  of  this  partition 
communicates  with  an  opening  a  in  the  trough  above,  while  the 
other  portion  communicates  with  a  water  pipe  t.  The  bottom  of 
the  chamber  is  provided  with  a  circular  opening  o.  The  action 
in  the  chamber  is  as  follows: — A  current  of  water  is  admitted 
by  the  pipe  t  from  a  reservoir  so  arranged  as  always  to  maintain 
a  constant  head:  this  current  first  descends,  then  after  passing 
under  the  dividing  partition  splits  into  two,  one  of  which  ascends 
and  flows  into  the  trough  c  above,  while  the  other  descends  and  is 
evacuated  at  o.  The  quantity  or  the  velocity  of  this  inflowing 
water  is  regulated  by  means  of  a  suitable  tap  or  valve  u  placed  on 
the  pipe  t.  The  ascending  split  has  for  its  function  the  arresting 
and  carrying  back  into  the  trough  of  the  particles  of  Lesser 
density  which  it  is  not  desired  should  fall,  and  also  to  lift,  in  a 
certain  measure,  the  main  stream  of  water  and  materials  in  the 
trough  itself  above  the  point  a,  thus  lifting  the  lighter  particles 
and  further  preventing  their  tendency  to  fall  with  the  denser 
grains.  These  latter  as  they  fall  against  the  ascending  current  are 
flushed  away  through  the  orifice  o  by  means  of  the  descending 
current.  The  orifice  of  discharge  is  regulated  by  a  special  valve, 
which  in  itself  forms  another  means  for  the  regulation  of  the 
velocities  of  the  ascending  and  descending  currents.  The  >ixe  of 
the  orifice  is,  in  order  to  avoid  loss  of  water,  so  adjusted  as  to  be 
just  sufficient  to  permit  of  the  exit  of  the  denser  grains  without 
causing  obstruction  in  the  chambers. 

In  practice,  the  employment  of  a  series  of  chambers  such  as 
those  described  entails  the  unnecessary  consumption  oi  a  large 
quantity  of  water,  and  leads  to  the  complication  of  the  apparatus 
and  distributing  pipes,  and  difficulty  in  supervision.  To  avoid 
this,  a  number  of  washing  elements,  each  comprising  an 
inlet  compartment  and  an  upward  passage,  are  combined,  and 
arranged,  according  to  the  various  purposes  for  which  the\  are 
intended,  to  discharge  into  a  common  chamber  having  a  single 
orifice  of  discharge  only.      Fig.   :i  (Plate  IV.)  shows  diagram- 
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matically  a  combination  of  two  elements,  divided  in  the  centre 
by  a  partition,  thus  giving  four  openings;  a,  a.  a.  a,  from  the 
trough  for  one  orifice  of  discharge  o.     This  type  of  Rfieolaveur, 

which  may  he  called  Type  A.  is  the  one  most  frequently  used.  It 
may  he  employed  for  all  sizes  of  coal  from  0  to  2^  inches  (0  to 
GO  millimetre-),  for  the  elimination  of  the  final  waste-ruoducts,  or 
for  the  elimination  of  a  mixed  product  to  be  rewashed.  Fig.  4 
(Plate  IV.)  shows  diagrammatic-ally  another  form  of  Rhiolaveur, 
which  is  also  a  combination  of  two  single  element-:  hut.  in  this 
case,  there  are  only  two  openings.  <is  «.,  from  the  trough  for 
one  orifice  of  discharge  o,  and  only  one  water-inlet  compart- 
ment. This  type  of  Rheolaveur,  which  may  be  called  Type  B,  is 
used  for  the  rewashing  of  products  already  partly  washed,  or  for 
the  final  elimination  of  the  mixtes  or  harrcs.  The  arrow-  in  both 
cases  show  the  directions  taken  by  the  various  currents  of  water 
both  in  the  trough  and  in  the  Rheolaveurs  themselves. 

The  orifice  of  discharge  is  fitted  invariably  with  a  valve  made 
of  several  discs  placed  flat  one  above  the  other  (Figs.  5  to  8,  Plate 
IV. ).  each  having  in  the  centre  a  circular  conical  hole,  the  smaller 
diameter  of  which,  in  the  case  of  an  upper  plate,  is  equal  to  the 
larger  diameter  of  the  hole  in  the  next  lower  plate.  The  complete 
cone  thus  formed  affords  an  easy  exit  for  the  materials  dis- 
charged. The  discs  are  attached  to  the  bottom  of  the  chamber  by 
means  of  a  flange  and  two  bolts,  oue  of  which  serves  as  a  pivot 
and  the  other  for  securing  the  discs  firmly  in  place.  The  size  of 
the  orifice  may  be  adjusted  as  desired  by  swinging  back  or  replac- 
ing, as  the  case  may  be,  one  or  more  of  the  discs  and  securing  the 
rest  by  means  of  a  thumb-nut.  Figs.  5  to  8  (Plate  IV.)  illustrate 
an  actual  Rhiolaveur  constructed  for  the  washing  of  coal  of  *izes 
varying  from  0  to  f  inch  (0  to  20  millimetre*).  The  openings 
in  the  trough  are  li  inches  (40  millimetres)  in  breadth,  the 
height  of  the  apparatus,  between  the  top  of  the  discharge-valve 
and  the  bottom  of  the  trough  being  18  inches  (460  millimetres), 
and  the  maximum  size  of  the  orifice  of  discharge  2A  inches  (60 
millimetres).  The  weight  of  the  whole  apparatus,  which  is  made 
in  one  casting,  i-  about  280  pounds.  For  larger  sizes  of  coal  the 
openings  in  the  trough  vary  up  to  4  inches  (100  millimetres), 
the  rest  of  the  apparatus  being  in  proportion.  For  the  largest 
sizes  the  central  partition  is  done  away  with,  leaving  one  central 
opening  4i  inches  dill  millimetres)  in  breadth  and  two  lateral 
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openings  each  4  inches  (100  millimetres)  in  breadth.  There  are 
thus  three  openings  for  one  orifice  of  discharge.  The  breadth  of 
the  Rheolaveur  for  all  sizes  and  kinds  depends  on  the  breadth  of 
the  trough  in  which  it  is  placed,  which  in  turn  depends  on  the 
quantity  of  coal  to  be  treated. 

In  another,  which  may  be  called  Type  C  (Figs.  9  to  11,  Plate 
IV.).  the  washing  elements  are  also  combined,  being- in  effect  the 
combination  of  two  single  element's,  the  first  of  which  is  closed 
entirely  at  the  bottom  by  a  diaphragm  p,  which  forces  all  the 
water  which  enters  the  inlet  compartment  into  an  upward  stream, 
which  is  again  deflected  into  a  horizontal  direction  across  the  whole 
breadth  of  the  trough  by  means  of  a  deflecting  plate  x,  placed  over 
the  top  of  the  ascending  passage  a.  Arriving  at  the  end  of  the 
plate  .r,  the  horizontal  current  meets  the  ascensional  current  from 
the  succeeding  element,  the  particles  which  adhere  to  one  another 
being,  by  this  arrangement,  broken  up,  and  the  efficiency  of  the 
ascending  current  from  the  second  element  greatly  increased. 
Each  orifice  of  discharge  is  fitted  with  a  similar  valve  to  that 
already  described.  This  Rheolaveur  is  only  employed  for  the 
washing  of  the  fines,  and  may  be  composed  of  from  two  to  six 
double  elements,  according  to  the  position  and  the  purpose  of 
the  apparatus.  If  required  at  any  time,  this  apparatus  may  be 
worked  without  the  horizontal  current,  this  often  being  the  case 
when  the  coal  i<  clean  and  contains  little  dust. 

One  curious  point  in  connexion  with  dust  is  that  although  the 
principle  of  the  RMolavi  ur  is  one  of  a  separation  by  equivalence, 
yet  in  practice  these  apparatus  are  found  to  wash  not  only  the 
larger  grains,  but  the  dust  as  well,  as  may  be  shown  by  the 
two  analyses  of  shales  evacuated  by  two  machines  of  Type  C 
recorded  in  Table  I.  : — 

Table  I. — Analysis  of  Shales  Evacuated  by  a  Type  C  Machine. 


Size  of  Grains 

Weight. 

Ash 
Content. 

Mean 

A.-h 

Content. 

Size  of  Coal. 

] 

nchea. 

Millimetres. 

Per  cent. 

Per  cent. 

Per  cent. 

Inches. 

Millimetres. 

0 

to     .\ 

0  to     1 

12 

58-00 

1 

I 

_;2_ 

1    „     2 

18 

71  08 

Y  67  49 

0    to    J 

0  to  6 

1 
"         -1 

2    ,,     6 

70 

73-38 

) 

0 

1 

0    „     1 

3 

52-52 

1 

1 

1  ,,     2 

2  ,,     6 

4 
36 

59  46 
67  56 

-  62-68 

0    to     f 

0  to  10 

i 
i 

2 

6    ,,   10 

57 

71-20 
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In  an  actual  plant  several  Rheolaveurs  of  various  types  and 
sizes  will  be  arranged  in  series  in  the  main  transport  troughs,  the 
numbers,  sizes,  and  arrangement  depending  on  the  quality  and 
the  size  of  the  ooal  to  be  treated.  For  example,  supposing  it  is 
desired  to  wash  a  coal  classed  in  four  categories,  there  will  be  a 
separate  trough  or  series  of  troughs  for  each  size,  forming  a 
separate  independent  washer  for  that  size.  The  number  of 
Rheolavrurs  required  in  each  washer  will  depend  on  the  cleanli- 
ness and  size  of  the  coal.  The  amount  of  coal  to  be  washed 
affects  only  the  breadth  and  height  of  trough  and  the  breadth  of 
the  apparatus,  and  not  the  number  of  appliances.  The  length  of 
trough  between  the  various  Rheolaveurs  will  depend  on  the  differ- 
ent <■  in  the  specific  gravities  of  the  minerals  to  be  separated,  but 
in  practice  6J  feet  (2  metres)  is  found  to  be  the  maximum  neces- 
sary,  3|  feet  (1  metre)  being  the  usual  distance.  The  inclination 
of  the  trough  also  affects  the  distance,  hut  these  points  are  details 
of  design,  and  do  not  affect  the  principles. 

Each  washer  for  each  size  may  include  one  or  more  transport 
troughs  placed  one  above  the  other,  each  containing  a  series  of 
Rheolaveurs  for  the  washing  of  the  discharged  products  from  the 
Rheolaveurs  in  the  trough  above.  In  other  words,  the  Rheolaveurs 
may  be  arranged  in  cascade.  The  disposition  of  one  such  washer, 
for  an  exaggerated  case,  is  shown  diagrammatically  in  Fig.  12 
(Plate  IV.).  Following  this  scheme,  a  represents  washed  coal 
of  the  first  quality,  b  washed  coal  of  the  second  quality,  c  a 
mixed  product  to  he  rewashed,  d  final  waste-products,  e  a  mixed 
product  to  be  rewashed,  f  coal  of  the  third  quality,  and  g  coal 
of  the  fourth  quality,  namely,  mixtes  or  barres.  Thus,  the  dis- 
position  of  Rheolaveurs  in  cascade  presents  the  following  advant- 
ages:— (1)  The  coal  undergoes  a  steady  progressive  cleaning. 
(2)  All  apparatus  and  motive  power  necessary  to  elevate  the  pro- 
ducts to  be  rewashed  is  done  away  with.  (3)  The  water  discharged 
with  the  products  to  be  rewashed  is  utilized  to  carry  away  the 
grains  in  the  trough  below,  where  the  products  are  treated  by 
Rheolaveurs  of  the  same  kind  as  in  the  trough  above,  but  of 
smaller  dimensions.  As  the  dimensions  are  smaller,  the  size 
of  the  orifices  will  be  reduced,  and,  therefore,  for  the  same 
velocity  the  quantity  of  water  in  an  ascensional  current  will  be 
less.  This  not  only  entails  ;i  saving  in  water,  but  prevents  as  well 
the  exaggeration  of  the  main  current   in  the  trough,  and  assists 


\   M'.u     PROCESS   FOB  THE   u  LSHING  OF  COAL.  97 

the  classification  of  the  materials.  (4)  By  the  employment  oi  a 
Beries  of  troughs,  the  products  from  each  may  be  of  different 
densities,  and  so  of  different  qualities,  and  all  qualities  may  be 
kept  separate  or  mixed  together  at  will. 

All  the  water  necessary  may  be  supplied  by  a  reservoir  of  from 
10  to  15  cubic  metres  capacity,  placed  at  such  a  level  as  to  give 
a  head  of  13  to  16£  feet  (4  to  5  metres),  which  must  be  kept 
constant.  This  can  easily  be  effected  by  means  of  an  overflow 
pipe  or  some  other  similar  device  for  keeping  the  water  level  in  the 
tank.  The  water  may  then  be  led  to  the  troughs  and  the  various 
Rheolaveurs  by  means  of  water-mains  placed  conveniently  above 
each  series  of  troughs,  and  by  means  of  smaller  distributing  pipes 
Leading  from  these  mains  (Figs.  13  and  14,  Plate  IV.). 

In  comparison  with  jigs,  the  water  consumption  with 
Rjieolaveurs  shows  a.  considerable  decrease  for  all  sizes  of  coal 
up  to,  approximately,  H  inches  (40  millimetres),  but  from  Ik 
inches  to  2£  inches  (40  to  60  millimetres),  above  which  size  it  is 
seldom  necessary  to  wash,  as  the  coal  can  readily  be  hand-picked, 
the  water  consumption  shows  a  considerable  increase.  The  extra 
power  necessary  for  the  pump  is,  however,  amply  compensated 
for  by  the  many  savings  in  other  directions.  If  desired,  a  double 
chamber  with  two  automatic  discharge-valves  may  he  placed 
under  the  Rheolaveurs  for  the  larger  sizes.  The  water  consump- 
tion is,  by  this  means,  greatly  reduced,  and  gives  a  direct  saving 
for  all  classes  up  to  2^  inches  (60  millimetres)  in  size.  In  any 
case,  however,  as  the  bulk  of  the  water  is  used  over  and  over 
again,  the  water  consumption  is  not  of  great  importance,  as  the 
washery  can  be  so  arranged  that  little  water  is  lost,  and  this 
loss  can  be  compensated  bv  a  small  main  from  an  auxiliary 
source. 

It  will  be  readily  seen  that  the  simplicity  of  the  Rheolaveurs, 
the  ease  with  which  they  can  be  regulated,  and  the  wide  limits 
possible  for  the  same  machine,  render  them  very  suitable  for 
washing  coal  of  varying  nature.  In  the  case  of  a  central  washery 
dealing  with  coal  from  various  hoppers,  each  containing  mineral 
of  a  different  quality,  tests  can  be  made  for  each  class  of  coal,  and 
by  opening  or  shutting  the  inlet-valves,  the  velocities  and  quan- 
tities of  the  currents  of  water  may  be  very  easily  regulated  to 
meet  the  requirements  of  the  particular  coal  under  treatment. 
For  greater  convenience  all  the  valves  may  he  graduated,  and  the 
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amount  of  turn  necessary  for  each  may  he  found  by  trial  and 
tabulated  for  each  class  of  coal  and  for  each  individual 
apparatus. 

"When  a  clean  coal  is  being  treated,  all  the  Rluolaveurs  of  a 
series  may  not  be  required,  and  with  very  little  experience  it  can 
be  readily  found  which  appliances  are  necessary  for  any  particular 
class.  The  remaining-  appliances  may  be  cut  out  until  wanted,  by 
closing  the  orifice  of  discharge  and  the  water  inlet-valve. 

For  existing  washeries,  isolated  Rlicolaveurs  may  be  found 
very  useful,  either  for  rewashing  the  waste-products  from  jigs,, 
etc.,  or  in  order  to  increase  the  ouput  of  the  existing  plant  with 
a  minimum  of  expense.  As  an  example,  the  following  actual  case 
may  be  quoted: — At  a  washery  belonging  to  the  Compagnie  des 
Mines  de  Dourges,  where  jigs  are  employed,  it  was  found  that  the 
trough  for  the  unwashed  fines,  partly  rid  of  dust,  and  of  a  size  of 
from  0  to  §  inch  (0  to  8  millimeties).  was  too  small  and  in 
consequence  overflowed  frequently.  One  Rheolaveur  of  Type  C, 
having  four  openings  and  four  orifices  of  discharge,  was  inserted 
in  the  trough  before  the  point  of  overflow.  This  was  found  to 
remedy  the  trouble,  and  the  elimination  of  a  large  proportion  of 
the  waste  dirt,  with  an  average  content  in  ash  of  76  to  80  per 
cent.,  has  enabled  the  washery  to  increase  its  output  by  15  tons- 
per  hour,  or  by  400  tons  per  24  hours,  without  adding  anything 
to  the  supplementary  costs  of  washing.  The  cost  of  a  single- 
Rheolaveur  varies  from  £15  to  £20. 

The  principal  advantages  claimed  for  this  system  of  washing 
are  as  follows: — (1)  That  a  washing  apparatus,  constituted  as  it 
is  of  current-washers  alone,  requires  no  transmission  of  movement 
for  its  operation,  this  involving  (a)  a  considerable  reduction  in  the 
initial  cost  of  installation,  (b)  very  economical  operation,  and 
(c)  considerably  reduced  maintenance  charges.  (2)  It  is  particu- 
larly applicable  for  large  outputs,  and  in  such  installations  would 
very  greatly  reduce  the  space  and  height  occupied  by  other  forms 
of  washers;  it  permits  of  combination  with  any  other  kind  of 
washing  apparatus,  either  in  order  to  increase  considerably  the 
output  of  the  existing  apparatus,  or  in  maintaining  the  same 
production  while  diminishing  the  occupation  of  space  by  dispen- 
sing with  part  of  the  existing  plant.  (-3)  The  comparatively  small 
space  occupied  by  the  plant,  the  facility  with  which  all  the 
v;i lions  members  may  be  grouped  together,   and  above  all  the 
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extremely  simple  operation  of  the  Rheolaveurs,  permit  of  an  easy 
supervision  and  a  reduction  in  labour.  (4)  The  operation  is  char- 
acterized by  the  prodiiction  of  an  extremely  small  amount  of 
sludge,  which  in  the  case  of  jigs  or  apparatus  of  the  piston  type, 
on  account  of  the  multiple  movements,  is  very  inconvenient.  In 
addition,  as  the  water  evacuated  with  the  waste-products  is 
relatively  clean,  the  waste-products  do  not  carry  away  any  fines, 
which  by  reason  of  their  commercial  value  are  worth  recover- 
ing. (5)  The  system  admits  very  readily,  and  with  very  little 
cost,  of  all  the  variations  and  combinations  that  may  be  desired, 
and  by  simply  placing  another  trough,  containing  one  or  more 
additional  Rheolaveurs,  underneath  all  or  any  of  the  orifices 
of  discharge,  the  material  evacuated  may  be  washed  again  until 
the  desired  results  are  obtained.  (6)  The  regulation  is  very 
simple,  and  as  there  are  no  moving  parts  in  the  various  appliances, 
there  is  no  possibility  of  a  breakdown  or  stoppage  for  repairs. 
(7)  Samples  may  be  taken  at  any  of  the  orifices  of  discharge  and  an 
assay  made,  thus  giving  an  exact  indication  as  to  the  regulation 
and  efficiency  of  each  apparatus.  (8)  The  water-consumption  is, 
on  the  whole,  no  greater  than  with  the  piston-washers,  and  may 
be  considerably  less. 

The  installation  at  Pont  a  Vendin  consists  of  two  series  of 
Rheolaveurs,  one  to  treat  40  tons  of  coal  per  hour,  0  to  \  inch 
(0  to  6  millimetres)  in  diameter,  and  the  other  to  treat  a  like 
amount,  i  to  |  inch  (6  to  10  millimetres)  in  size.  The  com- 
position of  the  coal  varies  very  much  from  hour  to  hour,  owing 
to  the  fact  that  it  comes  from  different  hoppers  containing 
coal  from  different  sources.  It  also  contains  a  considerable 
quantity  of  mia-tes,  and  the  content  in  ash  varies  from  12  to  25 
per  cent. 

Figs.  13  and  14  (Plate  IV.)  show  the  general  arrangement  of 
the  plant  for  the  treatment  of  the  coal  from  \  to  *  inch  (G 
to  10  millimetres).  In  the  upper  trough  are  three  Rheolaveurs,  the 
first  two  of  which  get  rid  of  a  large  proportion  of  the  waste 
products,  which  are  not  rewashed.  The  third  discharges  a  mixed 
product  on  to  a  second  trough  containing  two  more  Rheolaveurs, 
the  first  of  which  gets  rid  of  the  remainder  of  the  dirt,  while  the 
second  eliminates  the  mixtes  or  barrcs.  The  washed  coal  from  both 
troughs  is  reunited  to  form  one  product,  The  results  obtained 
o-ive  the  averages  recorded  in  Table  II.  :  — 
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Table  II.— Results  of  Washing  Coal  in  Rheolaveurs. 


JVieolareur. 

Type. 

Orifice  of  Dis 

Product  Discharged. 

Mean  Ash  Content. 

No. 

Per  oent. 

1 

C 

First. 

Final  dirt. 

80-12 





Second. 

Do. 

79-28 





Third. 

Do. 

69-48 

2                 A 

Do. 

74-92 

3                 A 

Mixtes  to  rewash. 

48-30 

4                 B 

Final  dirt. 

70-93 

5                  B 

Final  mixtes. 

55-33 
4-70 

Washed  coal  from  upper  trough 

,,            ,,        lower       ,,      

8-50 

A  report  states  that  the  economies  realized  are  as  follows  :  — 
(a)  A  diminution  in  the  consumption  of  water :  with  four  felspar- 
washers  the  consumption  was  420  cubic  metres  per  hour,  which 
has  been  reduced  to  120  cubic  metres,  this  giving-  a  saving  of  55 
horsepower  for  the  pump.  (6)  A  gain  in  power  of  18  horsepower, 
due  to  the  abolition  of  the  motive  force  required  to  drive  the  four 
felspar- washers.  (c)  A  reduction  in  the  losses  of  washing: 
formerly,  owing  to  the  constantly  changing  nature  of  the  coal, 
the  regulation  of  the  jigs  was  rendered  very  difficult  and  imper- 
fect, this  being  accentuated  by  the  fact  that  it  was  impossible 
to  rewash  the  products  from  the  first  purges  of  the  felspar  cases. 
The  content  in  ash  of  the  dirt  gave  a  mean  figure  of  64  per  cent., 
which  has  been  raised  to  72  per  cent.,  a  direct  gain  of  8  per  cent., 
which,  from  information  furnished,  gives  three  extra  10-ton 
wagons  of  coal  per  24  hours  of  washing. 

The  coal  0  to  \  inch  (0  to  6  millimetres)  in  size  is  treated 
in  a  similar  manner  by  a  series  of  six  Rheolaveurs,  three  in  an 
upper  trough  and  three  in  a  lower.  The  results  with  these  have 
also  proved  entirely  satisfactory,  the  dirt  evacuated  by 
Rheolaveurs  Nos.  1,  4,  and  5  being  found  free  from  all  particles 
of  coal,  while  No.  0  gives  a  quality  of  mixtes  of  a  very  small 
content  in  ash.  When  the  coal  to  be  treated  is  clean,  this  last 
apparal  us  is  cut  out. 

The  plant  at  the  St.  Nicholas  Pit,  as  nt  present,  is  capable 
of  dealing  with  80  tons  per  hour.  The  composition  of  the  coal 
varies  considerably,  but  the  following  may  be  taken  as  a  general 
a  \  erage  analysis  :  — 
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Table  III.     General  Analysis  of  Coal  at  the  St.   Nicholas  Pit. 


Size. 

Weight. 

Ash. 

i/  i  ttt». 

[nchee 

Milium  ires. 

Per  cenl . 

Percent. 

Per  ci  tit. 

0 

to         j\ 

0  to  06 

145 

22  0 

•> 

1 

>i         t 

06  to  8 

41  -0 

22-5 

25  to  30 

t 

» 

8  to  20 

18-2 

26-9 

30 

; 

i.     H 

20  to  35 

13-6 

32  0 

35 

i' 

„     2  J 

3;i  to  60 

12  7 

31  1 

33 

All  Hie  coal  below  'J.1  inches  (60  millimetres)  is  screened  to 
four  sizes,  namely,  0  to  *-  inch  (0  to  8  millimetres),  ',  to  |  inch  (8 
to  80  millimetres),  f  to  \\  inches  (20  to  35  millimetres),  and  1£  to 
2\  inches  (35  to  60  millimetres),  and  washed.  Each  class  is 
treated  separately  and  divided  into  three  products,  namely, 
washed  coal,  nvixtes  (for  boilers,  for  sale,  or  for  mixing  with 
washed  coal),  and  wastes.  The  latter  are  employed  for  the 
hydraulic  stowage  of  the  goaf  in  the  mine.  It  is  found  most 
ex  onomical  to  sell  the  0  to  £-inch  (0  to  8-millimetre)  coal  with  a 
content  in  ash  of  10  per  cent.,  and  the  J  to  f-inch  (8  to  20-milli- 
metre) coal  with  a  content  in  ash  of  8  per  cent.,  and  this  result 
is  aimed  at  in  the  washing.  These  two  classes  are  treated  solely 
by  means  of  Rheolaveurs,  while  the  f  to  1^-inch  (20  to  35-milli- 
metre) coal  is  treated  partly  by  Rheolaveurs  and  partly  by  two 
jig-washers,  although  this  arrangement  is  only  temporary,  and 
the  jigs  will  soon  be  replaced  by  Rheolaveurs. 

The  1:\  to  2A-ineh  (35  to  GO-millimetre)  coal  is  treated 
solely  by  a  jig-washer,  which  serves  only  to  make  a  very  rough 
separation  of  the  coal  and  stones,  both  of  which  are  then  hand- 
picked  on  belts.  This  jig,  also,  will  in  a  short  time  be  replaced 
by  two  Rheolavt  itrs. 

The  0  to  J-inch  (0  to  8-millimetre)  coal  on  leaving  the 
screens  falls  on  to  a  trough  about  20  inches  (500  millimetres) 
broad  and  12  inches  (300  millimetres)  deep,  with  an  average 
inclination  of  2  degrees.  Along  the  length  of  this  trough  are 
disposed  at  intervals  eight  Rheolaveurs,  in  general  the  distance 
apart  being  about  3£  feet  (1  metre).  The  first  three  of  these 
Rheolaveurs  eliminate  a  large  proportion  of  the  dirt,  which  is 
not  rewashed,  the  remaining  five  discharging  a  mixed  product 
on  to  a  trough  below,  10  inches  (250  millimetres)  in  both 
breadth  and  depth,  with  an  inclination  of  half  of  a  degree.  This 
second  trough  contains  five  more  Rheolaveurs,  the  hist  three  oi 
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which  get  rid  of  the  remaining  dirt,  while  the  other  two  eliminate 
the  mixtes  for  the  boilers.  The  washed  coal  from  both  troughs 
is  mixed  together,  and  passes  to  a  settling-tank,  whence  it  is 
elevated  to  the  hoppers.  The  general  arrangement  of  the  appa- 
ratus may  be  seen  from  Table  IV. 

Table  IV. —Arrangement  of  Bheola\~eurs  and  Results  of  Washing 
for  Coal  of  size  A-inch  cube. 


RIi,  ..laveur. 

Type. 

Number  of 

Openings  in 

Trough. 

Number  of 
Orifices  of 

Discharge. 

Product  Discharged. 

Ash 
Content  of 
Product. 

No 

In   first   trough. 

Per  cent. 

1 

c 

6 

6 

Final  dirt. 

70-3 

2 

A 

4 

1 

do. 

60-9 

3 

C 

o 

2 

do. 

60-1 

4 

A 

4 

Mixtes  to  rewash. 

43  0 

5 

A 

4 

do. 

40-9 

6 

A 

4 

do. 

33-3 

7 

A 

4 

do. 

31-2 

8 

A 

4 

do. 

27-6 

In  second  trough. 

1 

C 

2 

2 

Final  dirt. 

69  0 

2 

C 

2 

2 

do. 

67-1 

3 

C 

2 

2* 

do. 

630 

4 

c 

2 

T 

Final  mixtes. 

44-2 

5 

c 

2 

2* 

do. 

31-2 

In  the  final  column  of  the  foregoing  table  the  results  of  a 
series  of  experiments  extending  over  6  days  can  be  seen.  These 
show  very  clearly  the  action  that  takes  place  during  the  wash- 
ing. The  mean  ash  content  for  the  washed  coal  from  the  first 
trough  gave  a  figure  of  8'5  per  cent.,  while  the  coal  from  the 
second  trough  gave  a  figure  of  11'2  per  cent. 

The  J  to  f-inch  (8  to  20-millimetre)  coal  on  leaving  the 
screens  falls  on  to  a  trough  10  inches  (250  millimetres)  in 
breadth  and  14  inches  (360  millimetres)  in  depth,  with  an 
inclination  of  5  degrees,  containing  two  Rheolaveurs,  the  first  of 
which  eliminates  a  proportion  of  the  dirt,  which  is  not  rewashed, 
the  second  discharging  on  to  a  trough  below,  of  like  dimensions 
and  inclination,  also  containing  two  Rheolaveurs.  The  first  of  these 
gets  rid  of  the  remaining  dirt,  while  the  second  eliminates  the 
mixtes.  which  are  discharged  on  to  a  belt,  drained,  and  taken 


*  Horizontal   current  not  employed,  the  machine  thus  being  practically  of 
Type  B. 
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to  a  separate  hopper.     The  \\ ;islu«d  coal  from  both  troughs  re- 
unites and  passes  on  to  a  draining-belt,  and  thence  to  its  hopper. 
The  arrangement  of  the  apparatus,  with  the  results  obtained 

from  experiments  extending  over  G  days,  can  be  seen  in  Table 

V.  :— 

Table  V. — Arrangement  of  Rheolaveurs  and  Results  ok  Washing 
for  Coal  of  size  \  to  J-inch  cube. 


Rheolartur. 

Type. 

Number  of 
Openings 
in  Trough. 

Number  of 

Orifices 

of  Discharge. 

Product  Discharged. 

Ash 

Content 

of  Product. 

No. 

In  tirsl  trough. 

Per  ciiii. 

1 

2 

C 
A 

2 

4 

2 

1 

Final  dirt. 
Mi.rh_.s  to  rewash. 

71-86 
34-90 

la  second  trou 

gh. 

1 
2 

C 
C 

2 
2 

2 

o 

Final  dirt. 
Final  mixU  s. 

6S-83 
31-87 

7-3 
10-2 

Washed  o 
>> 

oal  fro 

n  first  trough 
second  ,, 

For  the  f  to  1^-inch  (20  to  35-niillimetre)  coal,  the 
trough  is  also  10.  inches  (250  millimetres)  in  breadth  and  14 
inches  (360  millimetres)  in  depth,  and  contains  two  Rheolaveurs, 
the  first  of  which  discharges  final  dirt.  The  discharged  and  also 
partly-washed  products  from  the  second  Rheolaveur  are  each 
washed  again  by  a  jig-washer,  giving  two  qualities  of  coal  and 
dirt.  The  results  of  the  washing  were  as  recorded  in  Table 
VI.:— 


Table  VI. — Results  of  Washing  J 

to  H-inch  Coal. 

Rhiolaceur. 

Type. 

Product  Discharged. 

Ash  in 
Coal. 

Ash  in 
Dirt. 

Ash  in 

Mixtes 

i'.ewashed. 

No. 

1 

2 

Jig- washer  No    1. 
do.         No.  2. 

A  (41) 

A  (4  1) 

Final  dirt. 

Mixtes  rewashed  by 

jig- washer  No.  1. 

Final  dirt. 

do. 

Per  cent. 

12-3 

7-4 

1 

72-6 

69  8 
56-4 

Per  cent. 
45  2 

The  result  from  jig  No.  2  shows  very  clearly  a  loss  of  mixtes, 
which  pass  away  as  final  dirt.  In  the  case  of  jig  No.  1,  the 
mixtes  pass  away  with  the  coal,  giving  a  second  quality  of  coal 
containing  12*3  per  cent,  of  ash. 
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Tlie  results  may  not  at  first  sight  appear  good,  but  it  must 
be  remembered  that  the  coal  contains  an  exceptional  quantity  of 
misctes.  In  comparison  with  the  results  obtained  by  the  old 
washery,  an  improvement  of  7  per  cent,  has  been  obtained,  the 
mean  content  in  ash  for  all  the  waste  products  from  the  washery 
being  fjT  per  cent.  ;  with  the  jigs  60  per  cent,  was  very  seldom 
passed.  In  addition,  the  output  of  the  washery  has  been  in- 
creased 15  per  cent.,  the  plant  has  been  greatly  simplified,  and 
the  working  costs  have  been  reduced,  although  on  this  point  the 
writer  could  get  no  reliable  figures. 

The  water  for  the  entire  plant  is  supplied  by  an  electrically- 
driven  centrifugal  pump,  giving  about  9  cubic  metres  per  minute. 
The  water  is  pumped  from  a  main  reservoir  at  the  ground-level 
into  a  feeding  tank  above  the  washery,  from  which  it  is  led  by 
pipes  to  the  various  mains.  All  the  water,  after  having  completed 
its  work,  flows  into  the  settling-tank  for  the  fines,  and  over- 
flowing passes  into  a  series  of  M-ltling-tanks  for  the  schlammes; 
finally  it  passes  through  a  fine  sieve  into  the  main  ground  reser- 
voir, to  be  used  over  again.  There  is  very  little  loss  of  water, 
amounting  to  an  almost  negligible  quantity,  which  is  compensated 
for  by  a  small  main  from  another  source. 

Au  apparatus  called  the  Controldvoir  (Figs.  15,  16,  and  17, 
Plate  IV.)  may  be  employed  with  advantage  in  any  washery,  and 
in  particular  with  Rheolaveurs,  for  the  speedy  and  certain  checking 
and  analysis  of  the  products  from  the  various  appliances,  especi- 
ally in  the  case  of  the  more  troublesome  fines.  It  permits  of  (1)  the 
determination  as  to  whether  the  products  evacuated  from  any 
apparatus  contain  any  particles  of  coal,  and  if  so  the  quantity; 
(2)  the  determination  as  to  whether  the  washed  coal,  or  the 
intermediate  products,  contain  any  particles  of  dirt,  and  if  so  the 
quantity  ;  and  (3)  the  examination  of  a  coal  in  permitting  the 
curves  of  lavability  to  be  made,  either  in  terms  of  the  velocities 
per  second  or  of  ash  content-  per  cent. 

The  construction  of  the  apparatus  i-  based  on  the  fact  that  an 
ascensional  current  of  a  given  velocity  will  hold  in  suspension 
pari  icles  of  a  determined  equivalence.  It  consists  (Fig.  15,  Plate 
IV.)  of  a  U-tube  n .  b.  of  which  the  portion  a  is  connected  to  a 
reservoir  c  filled  with  water,  or  other  liquid,  the  level  of  which 
is  kept  constant  by  an  automatic  inlet-regulator  d.  On  the  other 
branch   b  of  the   U-tube   is   screwed   a   joint-piece  e,   holding  a 
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glass  tube  /'.  In  the  joint-piece  is  placed  a  wire  gauze,  the  per- 
forations of  which  are  smaller  than  the  dimensions  of  the  smallest 
grain  of  mineral  to  be  experimented  with,  and  on  top  of  the  glass 
tube  f  is  a  cup  g,  the  object  of  which  is  to  conduct  the  liquid  to 
the  graduated  reservoir  It  through  any  one  of  a  series  of  glass 
tubes  k  (Fig.  16,  Plate  IV.),  which  are  fitted  on  the  top  of  the 
reservoir  h.  The  bottom  of  each  tube  is  fitted  with  a  fine  wire 
gauze.  A  brass  or  copper  conical  piece  m  (Fig.  17,  Plate  IV.) 
is  screwed  into  the  cup  g  in  such  a  way  as  to  prolong  the  glass 
tube  below,  the  object  being  to  obtain  a  constant  velocity 
throughout  the  whole  height  of  the  tube  /',  and  in  augmenting 
the  velocity  at  the  top  to  assist  the  discharge  of  the  particles. 
The  valve  i  (Fig.  15,  Plate  IV.)  allows  of  the  emptying  of  the 
tube  f.  The  action  is  as  follows: — On  the  graduated  valve  j 
being  opened,  a  current  of  water  is  set  up  in  the  tube  a  b,  and 
passes  into  the  reservoir  h.  On  the  volume  of  water  in  h,  and 
the  time  being  observed,  and  the  section  of  f  being  known,  the 
velocity  of  the  current  may  be  determined.  A  curve  may  then 
be  made  of  the  velocity  of  the  current,  in  terms  of  the  fraction 
of  a  turn  given  to  the  valve  j.  To  determine  whether  the  pro- 
duct from  any  washing  apparatus  contains  any  particles  of  coal 
or  mixtes  of  a  content  in  ash  determined,  a  sample  of  these  pro- 
ducts is  taken  and  put  into  the  tube  /'.  The  valve  j  is  then 
opened  to  such  an  extent  as  to  obtain  a  velocity  of  current  which 
has  been  determined  previously,  and  will  hold  in  suspension  the 
grains  of  such  coal  or  mixtes.  A  similar  experiment  will  show 
whether  the  washed  coal  contains  any  particles  of  dirt,  which 
will  then  be  found  in  the  bottom  of  the  tube  f.  The  quantities 
in  each  case  may  be  found  by  collecting  the  discharged  particles 
in  one  or  more  of  the  glass  tubes  k.  If  the  contents  be  then 
taken,  dried,  and  weighed,  the  percentage  composition  of  the 
sample  may  be  found. 

To  construct  the  curves  of  lavability  of  a  coal,  the  sample  is 
placed  as  before  in  the  tube  f,  and  the  valve  j  opened  sufficiently 
to  give  a  velocity  that  will  hold  in  suspension  the  lightest  grains. 
This  velocity  is  noted,  and  the  valve  then  further  opened  so  as  to 
carry  away  these  particles,  which  are  directed  into  and  collected 
by  the  first  glass  tube  k.  This  velocity  is  also  noted.  Then,  by 
increasing  the  velocities  gradually,  all  the  particles  of  similar 
equivalence  may  be  collected  in  the  various  glass  tubes,  after 
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which  they  may  be  taken,  dried,  weighed,  and  calcined.     The 
curves  may  then  be  calculated  and  plotted. 


The  President  (Mr.  W.  C.  Blackett),  in  proposing  a  vote  of 
thanks  to  Mr.  Ford  for  his  paper,  said  that  it  would  come  up  for 
discussion  at  a  future  meeting. 

The  vote  was  heartily  accorded. 


Mr.  Leo  Dorey  Ford's  "  Notes  on  the  Working  of  the  St. 
Nicholas  Pit  of  the  Societe  des  Charbonnages  de  FEsperance  et 
Bonne  Fortune,  near  Liege,  Belgium,  with  Special  Reference  to 
the  Hydraulic  Packing  of  the  Goaf,"  were  taken  as  read,  as 
follows : — 


Fig.  1 


;g  lli/s/iingofCbfrfattfi&MXuAo/as/if  Vol  XL  VJ  l'i. .  i  te  l\ ' 


Figs.  9  to  1 1 .— Rheolaveur.Type  C. 


BoitRTiCAL  Section 


Fig.  10.— Section  through  A B  and  CD  of  Fig.  9. 


an  and  Section 


Fig.  12. -Showing  Arrangement 
of  Rheolaveurs  in  Cascade. 


13  and  14.— General  Arrangement  of  Plant,  showing 
Water-mains  and  Small  Distributing  Pipes. 
Fig    1  3  —Elevation 


-~ ~  ~  7l err. 


Fig   14.— Plan. 

LV.t---"------f:p<?:f: 


:Ea"T'"ft<l  \ 


-15,  16,  and  17.— Details  of  Controlavoir  or  Apparatus 
:  the  Analysis  of  the  Products  from  the  Rheolaveur, 

Fig.  17.— Section  through 
.evation  Discharging  End  of  U  Tube. 

showing  Construction. 


Fig.  16. 

Longitudinal 


Section  through  H 
of  Fig.  1  5. 


Th*  North  of 


J.  Nevcasiie  upor.Tyne 


Vol.  i*xn:PiATEi. 


To  Utuslnt/v  .V'LfoJJufco •/■'orris ,\o/r.s on  a jVewJ^ocess  far//rr  llii.i//mrjo/'Q/r//.a/l/ie.'H.Yic/io/as/i/  Vnr  X/.l'f.f't  itf /\ ' 
o/'/Ar  ■  "><'.  :•'■/,  i/r.s  i/trr/  ?JO/l/u/(/i:i ■■<//■  l  J;  '.-i/jr/rua  v ' ,  ■/ /i'i/u//r/h/  //////' ////// '/,//r/^ //////////// 

FlG.  3.—  RHEOIAVEUFI     FlG.  4.-RHE01AYEUR  p,„„    Q  _„  i  ,   _RuAr,1  .„„„  t»«  r* 

Fig.  1  -Trough  Fig.  2.-8howino  Type*.  Type  B.  ,-      .        H'GS.  9  to  1 1  .-Kheolaveur,  Type  O. 

BonoM.  Construction  of  n  .  Fio.  9. -Vertical  Section.  Fig.  10. -Section  through  A B  and  CD  of  Fig.  9. 

Rhe'oiaveiir 


LEEEJ3-J9- 


Figs.  5  to  8.— Details  of  Construction  of  Rheolaveur  for 
Washing  Coal  from  o  to  ?«-inch  Cure. 
Fig.  5.— Section  through  AB  and  CD 
of  Fig   6 


Fig.  6.— Section  through 
EF  of  Fig.  7. 


E 

-■-;-f-r-- 

J-.1._.L_.     ._.. 

ffi 

: 

—~ f-t-T--- 

[""""     1      — [ 

F 

Fig.  8.— Showing  Valve  at  Bottom 

of  Chamber  and  Method  of 

Fastening  Plates. 


Fig   11  —  Plan  and  Section 
3f  wm.-mmTi 


Fig.  12. -Showing  Arrangement 
of  Rheolaveurs  in  Cascade. 


Figs.  13  and  14.-General  Arrangement  of  Plant,  showing 
Water-mains  and  Small  Distributing  Pipes 
Fig    1  3— Elevation 


Fig   14. 

-Plan. 

!:Kt:f:::-:i 

nsa  ; 

BO  i 

:       i 

Th^  North  of Enqlwi  Instuute  of Minzng  &■  Moch£uucaLF?tgu 
lhmscu&eiu.JSJ3-/SJ4: 


Figs.  15,  16,  and  17.— Details  of  Controlavoir  or  App 

for  the  Analysis  of  the  Products  from  the  Rheola\ 

Fig.  17— Section  t 

Fig.  15,-Elevation  Discharging  End  of 

showing  Constru 


Fig.  16. 
Longitudinal 
Section  through 
of  Fig.  15 


Ara"E-]d  '.  C   r..p'  :/d  Md 


aratus 

'EUR. 
HROUGH 

U  Tube. 

CTION. 


Vol.  I^I\:.PiateI. 


in  nKAULIC  PACKING  OF  TI1K  (JOAF.  107 


NOTES  ON  THE  WORKING  OF  THE  ST.  NICHOLAS 
PIT  ()F  THE  SOCIETE  DES  CHARBONNAGES  DE 
L  I  :s  1 '  I ;  K  ANCE  ET  BONNE  FORTUNE,  NEAR  LIEGE, 
BELGIUM,  WITH  SPECIAL  REFERENCE  TO  THE 
HYDRA  IIJC  PACKING  OF  THE  GOAF. 


By  LEO  DOKEY  FORD,  B.Sc. 


Introduction. — The  royalty,  which  is  situated  near  the 
northern  limit  of  the  coal-basin,  contains  numerous  seams, 
varying-  iu  thickness  from  2  to  5  feet  (60  to  150  centimetres). 
In  general  the  seams  are  fairly  flat  and  regular,  and  dip  south- 
wards from  0  to  10  degrees.  The  coal  contains  much  dirt,  often 
in  the  form  of  bands,  and  almost  ingrained  in  the  coal  itself, 
thus  forming  a  product  with  a  high  percentage  of  ash.  The 
roofs  and  floors  are  (on  the  average)  good  and  strong,  and  give 
very  little  trouble  when  properly  timbered  and  packed.  Fig.  1 
(Plate  V.),  which  is  a  section  through  the  downcasl  shaft  on 
a  line  30  degrees  west  of  true  north,  shows  the  seams  worked  up 
to  the  present.  The  majority  of  the  seams  are  now  worked  out, 
with  the  exception  of  portions  of  the  Pawon,  the  Pestay,  and  the 
Quatre  Pieds,  and  a  small  portion  of  the  Trouvee.  The  Dure 
\ ' . ■  i 1 1 e  and  the  numerous  seams  below  it  are  as  yet  untouched, 
except  for  a  small  amount  of  preparatory  work. 

Working. — The  general  method  of  working  is  to  drive 
winnings  in  the  coal  to  the  full  rise,  from  which  level  galleries 
are  turned  away  and  continued  to  the  boundaries,  a  slight  rise 
being  given  to  them  so  as  to  aid  the  haulage  and  drainage. 

The  coal  between  the  various  galleries  is  taken  out  in  a  series 
of  long  straight  or  stepped  faces  (called  tailles  chassamtes),  which. 
generally  speaking,  are  kept  quite  straight  and  as  long  as 
p088 ible,  and  vary  in  length  from  200  to  450  feet  ((ill  to  185 
metres).  As  the  law  in  Belgium  is  fixed  and  unalterable  on  the 
point  that  the  air  must  not  in  any  part  or  fraction  of  iis  course 
descend,  arrangements  are  made  to  meet  (his  condition  in  the 
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method  of  working.  These  consist  in  driving  a  series  of  level 
stone-drifts  from  the  shafts,  at  various  depths,  to  meet  the  seams, 
and  connecting  the  drifts  with  the  seams  at  frequent  intervals  be- 
moans of  staple-pits.  On  the  north  side  of  the  shafts  the  intake 
airways  are  in  the  seams,  and  the  return  air,  after  passing  round 
the  faces,  always  to  the  rise,  then  ascends  one  or  other  of  the 
staple-pits  to  a  level  drift,  along  which  it  travels  to  the  upcast 
shaft.  On  the  south  side  this  order  is  reversed:  the  level  drifts 
form  the  intakes,  the  air  goes  directly  up  a  staple  to  the  seam, 
then  round  the  face  or  faces,  and  then  to  the  upcast  shaft  by  a 
gallery  in  the  seam  itself. 

The  main  haulage  is  performed  entirely  by  inclined  planes 
or  horses. 

The  main  principles  of  the  system  of  ventilation,  haulage, 
and  general  laying-out  of  work,  will  be  clearly  seen  from 
Figs.  1  and  2  (Plate  V.),  the  latter  figure  showing  the  workings 
in  the  Quatre  Pieds  Seam.  The  levels  are  also  given,  together 
with  the  main  roads  and  faces.  For  this  seam  the  intake  air 
for  the  north-side  workings  arrives,  by  way  of  the  Cochet  Seam, 
at  the  1,165-foot  (355-rnetre)  level,  thence  passing  up  an  inclined 
plane  to  a  staple  a,  which  it  ascends.  On  arriving  in  the  Quatre 
Pieds  Seam,  the  air  passes  round  the  face  A,  commences  to  return 
in  the  seam  when  it  ascends  the  staple  a,  then  passes  into  the  drift 
at  the  480-foot  (146-metre)  level,  and  goes  direct  to  the  upcast 
shaft.  On  the  south  side  (for  the  faces  B  and  C)  the  intake  air 
passes  along  the  1,165-foot  (355-metre)  level,  and  on  splitting 
ascends  the  staples  b  and  e  and  passes  round  the  respective  faces. 
The  splits  then  reunite,  and  go  to  the  upcast  in  the  seam.  For  the 
face  D  the  air  enters  by  way  of  the  Cochet  Seam  at  the  1,165-foot 
(355-metre)  level,  then  passes  up  an  inclined  plane  in  the  stone, 
and  on  arriving  in  the  seam  passes  round  the  face  and  returns  in 
the  seam,  joining  the  return  air  from  the  faces  B  and  C.  The 
coals  from  these  two  latter  faces  are  dropped  by  means  of  balance- 
cages  down  the  staples  b  and  c,  and  are  hauled  and  onsetted  at 
the  1,165-foot  (355-metre)  level.  In  the  case  of  the  other  two 
faces,  the  coal  is  conducted  by  the  two  inclined  planes  to  the 
Cochet  Seam.  Thus  all  the  coals  from  all  the  faces  in  the  Quatre 
Pieds  Seam  are  onsetted  at  the  same  level. 

The  haulage  between  the  faces  and  the  inclined  planes  or 
staples  is  carried  out  by  hand-putters  or  by  ponies,  usually  the 
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former.  The  haulage  at  the  nice  is  performed,  in  the  case  of 
short-stepped  faces,  by  boys,  who  trail  the  coals  on  small  sledges 
provided  with  iron  runners.  This  system  is  naturally  costly  and 
inefficient,  and,  therefore,  whenever  possible — that  is  to  say, 
when  the  faces  are  long  and  straight  enough — the  haulage  is 
performed  by  means  of  shaking  conveyors  known  as  couloir*. 
The  writer  was  greatly  struck  by  the  ease  with  which  these 
conveyors  are  worked,  by  their  efficiency,  and  by  the  very  slight 
amount  of  trouble  which  they  occasion.  The  couloir  is  simply 
a  long  shallow  trough  of  wrought-iron  £  to  £  inch  (3  to  4 
millimetres)  thick,  having  a  section  14  inches  (35  centimetres) 
wide  by  2f  to  3£  inches  (7  to  8  centimetres)  deep,  made 
up  of  short  lengths  of  about  10  to  13  feet  (3  to  4  metres).  Each 
length  is  provided  at  both  ends  with  light  flanges  about  a 
quarter  of  an  inch  (7  millimetres)  thick,  by  means  of  which  they 
are  bolted  together,  one  section  slightly  overlapping  the  next  in 
the  direction  of  the  travel  of  the  coal.  The  whole  couloir  thus 
formed  is  either  mounted  on  loose  rollers  working  on  small  cast- 
iron  frames  placed  on  the  floor,  or  is  suspended  from  the  timbers 
and  gears  by  means  of  chains  attached  to  the  trays.  Whichever 
method  is  adopted,  the  rollers  or  chains  are  placed  at  every  length 
of  tray.  At  one  end,  generally  the  lower,  either  on  the  face  or 
at  the  side  of  the  haulage  road,  is  a  compressed-air  or  electric 
motor,  which  communicates,  either  directly  or  indirectly,  a 
motion,  in  an  uphill  direction,  to  the  entire  couloir,  which  is  then 
allowed  to  fall  back  into  its  original  position  by  its  own  weight. 
In  some  cases  where  the  faces  are  too  flat,  or  where  there  is  a 
dip  in  the  middle  of  the  face,  it  is  necessary  to  employ  a  motor 
giving  a  double  motion,  namely,  to  and  fro.  The  series  of  jerks 
thus  given  to  the  couloir  is  enough  to  set  the  coal  in  motion  at  a 
speed  (which  of  course  can  be  varied  at  will)  sufficient  to  fill  thirty 
to  forty  10-cwt.  tubs  per  hour.  The  tub  in  use  at 
tlic  Si .  Nicholas  Pit  is  made  of  iron,  and  carries  10£  cwts. 
(535  kilogrammes).  The  supervision  and  labour  is  extremely 
light,  and  the  pulling  up  and  adjusting  of  the  couloirs,  owing  to 
their  lightness  and  simplicity,  is  very  easily  performed ;  more- 
over, they  can  be  employed  in  any  height  of  seam  capable  of 
being  worked.  One  would  expect  the  coal  to  be  much  broken,  and 
also  look  for  the  creation  of  a  great  deal  of  dust,  but  in  reality 
neither  is  greater  than  with  any  other  type  of  conveyor.    In  com- 
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parison  with  belt-conveyors  one  misses  the  endless  petty  annoy- 
ances, such  as  broken  shearing-pins,  broken  belts,  splits  getting 
into  the  chains,  bearings  heating,  switches  being  blown  out,  etc. 
In  addition,  the  couloirs  have  the  advantage  that  they  present  no 
possible  clanger  to  the  hewers  or  other  persons  in  the  vicinity. 
The  one  drawback,  and  that  not  a  very  serious  one,  is  that  the 
coal  should  always  travel  on  the  level  or  down  hill :  it  can  be 
taken  against  a  rise  of  2  degrees,  or  for  short  distances  of  3 
degrees,  but  this  is  not  advisable.  In  Belgium  the  methods  of 
working  are  particularly  favourable  to  the  use  of  couloirs,  which 
are  sometimes  worked  without  a  motor  where  the  slope  is  suffi- 
cient, and  they  are  as  firmly  established  and  indispensable  as 
the  rails  in  the  haulage-roads. 

Timbering. — Systematic  timbering  is  always  employed,  and 
very  little  if  any  of  the  timber  is  ever  withdrawn.  The  almost  in- 
variable method  of  timbering  the  faces  is  to  place  half-round 
planks,  flat  side  up,  against  the  roof,  with  props  in  rows  along  the 
entire  length  of  the  face,  the  distance  between  each  row,  known  as 
a  heve,  being  from  3|  to  4  feet  (1  to  1*2  metres).  The  distance 
between  the  individual  props  in  a  row  varies  from  3^  to  4f  feet 
(1  to  1'5  metres),  aei  ording  to  circumstances  of  roof,  etc.  When 
the  top  is  bad,  owing  to  fractures  or  short  "ramble,"  faggots  of 
wood,  1  to  1^  inches  (3  to  4  centimetres)  in  diameter,  are  placed 
from  plank  to  plank,  and  these  in  turn  are  when  necessary 
lofted  with  brushwood.  This  combination  of  faggots  and  brush- 
wood is  very  effective,  and  supports  heavy  short  ramble  in  a  way 
impossible  to  attain  with  planks;  it  also  forms  a  very  fine 
protection  for  the  hewers  from  the  slight  cuts  and  petty  injuries 
so  common  from  "  ramble  "  falls.  When  the  faces  are  very  bad 
and  heavy,  owing  to  the  presence  of  breakers  running  parallel 
with  the  face,  short  cross-planks  are  used  supplementary  to  and 
in  the  same  way  as  the  faggots,  but  at  greater  intervals,  which, 
of  course,  depend  on  the  nature  of  the  roof.  Chocks  are  seldom, 
if  ever,  used.  On  the  whole,  the  roofs  are  so  good  that  little 
trouble  is  experienced  from  falls.  The  timbering  of  the  roadways 
presents  no  feature  of  any  interest  in  this  particular  pit,  for, 
owing  to  the  flatness  of  the  seams,  the  pressure  is  mostly  direct. 
The  only  timber  used  is  therefore  a  cross-piece,  which  is  invari- 
ably round,   supported  by  two  side  props  inclined  inwards  and 
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upwards  at  an  angle  of  from  10  to  15  degrees  from  the  vertical. 
The  cross-pieces  are  generally  slightly  notched,  and  the  side  pieces 

so  cut  as  to  fit  the  notch  and  the  roundness  of  the  cross-piece.  The 
roof  is  almost  always  lofted  with  faggots  and  brushwood.  Where 
tin  sides  are  tender,  the  side  timbers  also  are  lagged  with  faggots 
and  brushwood,  and  the  space  at  the  back  filled  up  with  dirt  and 
stones,  which  helps  greatly  to  keep  the  roads  clean,  tidy,  and 
free  from  falls. 

Arrangement  of  Labour. — The  work  of  the  mine  is  carried 
out  by  two  main  shifts,  namely,  the  day-  and  the  night-shift. 
In  the  former  are  included  the  hewers  and  fillers,  putters  and 
drivers,  rolleyway  and  incline-plane  men,  couloir  attendants, 
onsetters  for  the  shafts  and  balances,  and  other  datallers.  These 
men,  who  perform  the  routine  work  of  the  day,  descend  at  6  a.m. 
and  ride  at  3  p.m.  The  night-shift,  which  comprises  the  coal- 
cutter men,  stonemen  and  packers,  and  all  shifters,  descends  at 

6  p.m.  and  rides  at  3  a.m.  The  shift  corresponds  in  every  way 
with  the  usual  night-shift  in  English  longwall  mines  and  per- 
forms in  general  the  same  kind  of  work.  The  preparatory  work, 
such  as  new  level  drifts  for  opening  out  new  seams  and  lower 
levels,  and  the  putting  up  of  staples,  is  performed  by  entirely 
separate  men,  who  work  as  a  rule  continuously.  In  addition, 
there  is  the  shift  for  the  hydraulic  packing,  which  descends  at 
10  a.m.   and  has  usually  finished  and  is  ready  to  ride  at  about 

7  p.m.  The  arrangement  and  duties  of  this  shift  will  be  given 
in  detail  in  another  section  of  the  paper. 

Hydraulic  Packing. — Hydraulic  packing  has  been  introduced 
within  the  last  two  years  at  the  St.  Nicholas  Pit  as  an  experi- 
ment, with  the  view  of  avoiding*,  if  possible,  the  large  amount 
of  damage  done  to  the  surface,  and  the  expenses  incurred  thereby. 
It  will  be  readily  understood  that,  owing  to  the  number 
of  seams  worked,  the  fact  that  these  seams  lie  comparatively 
near  to  the  surface,  and  because  the  mine  is  situated  under  -i 
populous  district,  the  compensation  paid  for  surface  subsid- 
ence, and  for  the  consequent  damage  to  houses  and  property, 
has  been  considerable,  and  has  played  no  insignificant  part  in 
raising  the  general  costs  of  the  mine.  In  addition,  owing  to  the 
seams  being  close  together  and  numerous,  it  follows  that  the 
more  efficient  the  packing  of  the  goaf,  the  easier  it  is  to  work 
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the  seams  together  in  a  satisfactory  manner.  Up  to  the  present 
time  the  area  and  quantity  packed  has  not  been  sufficient  to  yield 
any  tangible  results,  so  far  as  the  main  objects  are  concerned, 
and  it  will  be  necessary  to  wait  a  further  two  years  or  so  before 
anything  can  be  said  on  this  point.  With,  regard,  however,  to 
the  costs  and  the  effect  on  the  roofs  of  the  faces  hydra ulically 
packed,  and  also  on  the  roadways,  the  results  have  been  very 
satisfactory,  and  it  may  therefore  be  said  that  the  system  will 
continue.  Like  all  other  methods,  however,  it  has  its  drawbacks, 
one  of  them  being  that  the  mine  is  not  made  any  pleasanter  to 
work  in,  especially  as  the  seams  are  so  flat,  on  account  of  the 
!  n'ge  quantity  of  water  necessarily  thrown  into  the  workings. 
On  the  other  hand,  hydraulic  packing  does  away  entirely  with 
the  dust  nuisance  and  its  attendant  dangers,  and  plays  a  large 
part  in  rendering  the  air  of  the  mine  cooler  and  better. 

At  the  present  moment  only  two  seams,  both  of  which  are 
largely  worked  out,  are  being  packed  hydraulically,  and  in  one 
of  them  (the  Pawon)  there  is  only  one  face.  This  face  is  about 
295  feet  (90  metres)  long,  and  has  a  total  height  of  27^  inches 
(07  metre),  of  which  2  feet  (0'60  metre)  is  coal.  The  seam 
is  worked  with  an  electrically-driven  bar-cutter,  in  conjunction 
with  a  couloir,  and  advances  regularly  3|  feet  (1  metre)  per 
day.  As  much  of  the  dirt  as  possible  is  cast  into  the  goaf,  and 
this  helps  to  form  the  end  packs  and  part  of  the  stowing.  The 
roof  is  very  good,  and  gives  no  trouble,  a  fact  which  is  well  demon- 
strated by  the  fact  that  the  packing  is  only  performed  on  an 
average  three  times  in  twelve  days,  allowing  of  the  packing  of 
four  to  five  heves  at  one  time.  The  face  is  interesting  in  that  it 
contains  a  dip  in  the  middle,  the  seam  sloping  to  the  centre  from 
either  mothergate  or  gallery,  with  an  inclination  of  about  half  a 
degree.  Owing  to  this  gradient,  the  water  from  the  packing  had 
the  objectionable  habit  of  forming  a  small  lake  in  the  middle  of 
the  face,  which  considerably  hindered  working.  To  overcome 
this  difficulty,  a  narrow  road  with  a  small  bottom  caunch  was 
driven  up  the  line  of  ditch,  and  this  has  had  the  effect  of  ridding 
the  face  of  water  and  of  restoring  the  normal  conditions.  It  is 
necessary,  however,  when  putting  in  the  packing,  to  work  with 
shorter  lengths,  in  order  to  obtain  the  requisite  force  for  making 
the  goaf  solid.  It  is  also  necessary  to  raise  the  last  pipe  or  two 
close  up  against  t lie  roof,  in  order  to  take  advantage  of  all  the 
gravity  possible. 
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In  the  other  seam  (the  Quatre  Pieds)  there  are  four  faces, 
all  of  which  are  packed  hydraulicallv.  Fig.  2  (Plate  V.)  shows 
the  general  disposition  of  the  seam.  All  the  faces,  except  B,  are 
worked  with  electrically-driven  bar-cutters,  and  they  all  employ 
coidoirs  for  the  transport  of  the  coal.  Face  B  is  worked  by  hand, 
employs  fifteen  to  seventeen  hewers  per  shift,  and  gives  about  •'! 
tons  per  man. 

Table  I.  contains  the  particulars  of  each  face:  — 

Table  I.     Particulars  of  Faces  in  Quatre  Pieds  Seam. 


r. 
- 

Height  of 

Seam. 

Height  of 
Coal. 

Lenath  of 
Face. 

Inelina-    Condi- 
tion of     tion  of 
Face.       Roof. 

Advance  per 
day. 

Number  of 

times  the 

face  is 

packed. 

A 

Inches. 

43 

Metres. 
I  10 

Inches. 

35 

\i.  i  ,.  ■ 
0-8S 

n. 
262 

Ins. 

6 

Metres. 

80 

Degiees. 

1       Good. 

Inches. 

39 

Metres. 

100 

Every 
third 
day. 
Do. 

B 

47 

1-20 

31 

0  80 

426 

6 

130 

3  to  10  Fair. 

13 

0-33 

C    31 

0-80 

25 

0  64 

279 

0 

85 

0  to  3   Good. 

39 

1-00 

9 

D    47 

1-20 

38 

0-96 

262 

6 

80 

2 

Fair. 

39 

1-00 

Every 
second 
to  third 
day. 

In  general,  it  may  be  said  that  one  face  per  day  is  packed, 
although  occasionally  it  is  necessary  to  stow  two,  in  which  case 
they  have  to  be  taken  separately  one  after  the  other.  The  plant 
allows,  at  its  maximum,  of  the  packing  of  six  faces  of  from  2t>2h 
feet  to  426£  feet  (80  to  130  metres)  in  length,  corresponding  to 
an  output  of  about  400  tons,  or  rather  more,  per  day. 

Arrangements  at  the  Face. — The  lower  road  from  each  face 
is  invariably  the  haulage-road,  and  is  driven  sligditly  in  advance, 
23  to  26  feet   (7   to  8  metres)  wide.  The  coal  is  hewed   by 

means  of  compressed-air  pistol-picks  and  wedges,  one  man  doing 
the  hewing,  with  a  boy  to  clear  the  face.  A  bottom  caunch  is 
taken  about  13  feet  (4  metres)  wide,  and  deep  enough  to  give  a 
clear  height  of  6£  feet  (2  metres).  The  stone  is  taken  up  at  night, 
blasting  being  allowed,  and  is  used  to  make  a  good  solid  pack  on 
each  side  of  the  road,  particularly  on  the  face  side — for,  when  the 
face  has  an  inclination,  this  pack  has  io  hold  the  hydraulic  stow- 
ing and  act  as  a  filter  for  the  water.  The  pack  is  not,  however, 
sufficient  to  retain  all  the  fines,  some  of  which  escape.  To  prevenl 
these  from  being  deposited  in  the  wagonway,  and  also  to  clean  the 
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water  which  has  afterwards  to  he  pumped  to  the  surface,  planks 
are  placed  lengthways,  edge  up,  along  the  wagonway  side  of  the 
face-pack,  care  being  taken  to  make  the  joints  between  the  planks 
tight  enough  to  ensure  good  filtration.  This  wall  of  planks  is 
extended  somewhat  in  advance  of  the  pack.  The  upper  gate-road 
is  also  driven  in  advance  of  the  face,  but  not  quite  so  wide,  and  a 
bottom  caunch  6|  feet  (2  metres)  broad  is  taken  of  such  a  depth  as 
to  give  5|  to  6|  feet  (1'7  to  2  metres)  clear  height.  The  stones  are 
employed  for  forming  the  packs  on  each  side  of  the  road.  The 
hydraulic  mains,  which  in  each  case  come  from  the  main  pipe-line 
in  the  shaft  by  way  of  the  return  airways,  are  laid  to  one  side  of 
this  roadway,  being  suspended  from  the  timbers  by  means  of 
sling-chains.  It  is  not  advisable  to  put  the  pipes  on  the  ground, 
as,  if  any  heaving  of  the  floor  were  to  take  place,  this  would 
damage  the  joints  and  cause  much  trouble. 

A  face  is  not  usually  packed  until  it  has  advanced  three  or 
four  heves,  or,  in  other  words,  until  there  are  five  or  six  rows  of 
timber  between  the  face  and  the  last  packing.  Three  or  four 
rows  are  then  packed,  three  rows  always  being  left,  where  the 
roof  permits,  next  to  the  face,  one  for  the  cutter,  the  second  for 
the  couloir,  and  the  third  for  travelling  and  for  the  distribution 
of  the  timber.  It  is  not  advisable  to  pack  more  than  four  heves 
at  once,  on  account  of  the  danger  from  falls,  also  because,  when 
the  space  packed  is  too  wide,  the  stowing  is  not  so  efficient,  and 
spaces  are  apt  to  be  left  next  to  the  roof.  When  the  roof  is  very 
bad,  it  is  necessary  to  pack  every  two  rows  advanced.  In  any 
case,  however,  before  the  face  can  be  packed,  an  operation  must 
be  performed,  which  consists  of  making  a  wall  of  planks,  faggots, 
and  brushwood  along  the  entire  length,  to  enclose  the  area  to  be 
stowed.  The  wall  is  made  by  spiking  a  rail  of  planks  close  to 
the  roof,  and  another  near  to  the  floor,  along  the  row  of  timber 
which  is  to  form  the  dividing-line.  This  done,  the  faggots  and 
brushwood  are  laid  end  up  against  the  goaf  side  of  the  fence, 
and  firmly  tied  into  place,  thus  making  a  thick  brush  barrier,  the 
object  of  which  is  to  prevent  the  packing  from  spreading  over 
the  lace  and  to  filter  the  water.  This  work  is  performed  at  night 
by  the  shifters.  The  laying  of  the  pipes  along  the  face  is  carried 
"in  l>\  the  packing  shift,  which  consists  of  two  men  and  two 
strong  boys,  who  descend  at  10  a.m.,  their  first  duty  being  to 
see  that  the  main  from  the  shaft  is  in  order  and  that  the  joints 
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are  tight  and  the  valves  in  place.  On  arriving  at  the  face,  they 
proceed  to  lay  a  bend,  making  90  degrees,  thus  connecting  the 
lace  with  the  main  in  the  gallery,  after  which  they  lay  the  pipes 
along  the  face  to  within  26  or  40  feet  (8  or  12  metres)  of  the 
wagonway  pack.  On  this  being  done,  the  barrier  is  inspected 
and  made  good.  This  work  lakes  up  the  first  five  hours  or  there- 
abouts of  the  shift.  Shortly  before  3  p.m.,  an  electrician  descends 
with  a  light  and  well-insulated  cable  and  a  portable  telephone 
enclosed  in  a  watertight  box.  He  first  connects  the  cable  to  the 
main  telephone  wires,  which  are  permanently  placed  in  the  gal- 
lery, and  connect  with  the  surface  and  also  with  the  mixing  room 
at  the  115-foot  (35  metre)  level,  and  then  runs  it  along  the  face 
side  of  the  brushwood  fence.  The  men  now  being  off  the  face, 
and  the  electrician  having  received  word  by  telephone  that  all  is 
in  order  at  the  surface  and  in  the  mixing  room,  the  chief  packer, 
with  his  two  boys,  goes  to  the  extreme  end  of  the  pipe-line.  The 
remaining  man  stations  himself  on  the  face  side  of  the  fence,  his 
duty  being  to  see  that  the  fence  remains  good  and  holds  the 
packing  in  place.  All  being  ready,  the  signal  is  given  to  com- 
mence operations;  the  water  is  turned  on,  and,  as  the  pipe>  fill, 
they  are  flushed  of  the  air  in  them,  which  is  ejected  with  inter- 
mittent small  explosions  and  splutters.  At  about  the  end  of 
three  minutes,  after  all  the  air  has  been  removed  from  the  pipes 
and  the  jet  of  water  has  become  solid,  word  is  given  by  the  packer 
to  turn  on  the  mixture  proper,  and  the  packing  proceeds  with 
great  rapidity.  When  the  debris  reaches  to  within  6i  feet  (2 
metres)  or  so  of  the  pipe  end,  the  signal  is  given  to  turn  off  the 
mixture,  but  not,  however,  the  water,  which  is  allowed  to  flow 
until  the  pipes  are  quite  clear  of  debris.  Then,  the  water  being 
cut  off.  one,  two.  or  three  lengths  of  pipe  (13  feel  or  4  metres 
equalling  one  length),  depending  on  the  inclination  of  the  face, 
are  detached  and  hauled  out  of  the  way  and  the  new  pipe  end 
raised  up  near  to  the  roof.  The  water  is  again  turned  on,  and  the 
vainc  procedure  is  repeated.  These  operations  continue  until  the 
entire  length  of  the  face  has  been  packed,  great  care  being 
always  Taken  to  flush  the  pipes  before  and  alter  each  opera- 
tion, and  also  to  see  that  the  brush  fence  holds  good.  The 
stowing  of  a  complete  face  occupies  from  4  to  4i  hours,  although 
where  the  face  is  very  flat  it  may  last  longer,  owing  to  the 
shorter  lengths  taken  and  the  consequent  loss  of  time  in  flushing 
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the  pipes  and  detaching-  them.  Owing  to  the  fact  that  all  the 
main  ways  are  driven  with  a  continuously  rising  grade,  the 
water  from  the  faces  gives  no  trouble.  After  filtering  through 
the  packs  and  barriers,  the  water  flows  into  the  wagonways,  and 
is  carried  away  by  gutters  placed  at  the  sides  of  the  roads  to 
the  settling  reservoirs  at  the  shafts,  whence  it  is  pumped  to  the 
reservoirs  at  the  surface,  to  be  used  over  again.  Near  the  shafts 
the  gutters  are  often  built  with  concrete. 

Description  of  the  Plant  (Figs.  3,  4,  and  5,  Plate  Y.).— The 
greater  part  of  the  material  employed  for  packing  consists  of  dirt 
from  the  washery,  and  amounts  to  about  170  tons  of  soft  shale  per 
day,  varying  in  diameter  from  0  to  2J  inches  (0  to  60  millimetres). 
This  material  is  conveyed  direct  from  the  washery  by  an  elevator 
into  a  special  tower  built  of  iron  girders  and  masonry.  The  tower 
has  a  cross-section  measuring  about  13  by  10  feet  (4  by  3  metres), 
and  is  33  feet  (10  metres)  high.  The  base  is  13  feet  (4  metres) 
above  ground-level,  and  is  provided  with  a  movable  shutter,  by 
means  of  which  the  contents  can  be  discharged  on  to  a  conveyor- 
belt  b  running  at  a  speed  of  5J  feet  (1'7  metres)  per  second,  and 
worked  by  a  3-horsepower  electric  motor  m1.  At  the  end  of  the  belt 
is  a  shoot,  which  discharges  the  debris  into  a  small  pit  p  situated 
about  50  feet  (15  metres)  distant  from  the  downcast  shaft.  This 
pit,  the  top  of  which  is  flush  with  the  surface,  is  lined  with 
concrete ;  it  is  100  feet  (30  metres)  deep,  10  feet  (3  metres)  in 
diameter,  and  has  a  capacity  of  275  cubic  yards  (210  cubic 
metres),  this  quantity  being  quite  sufficient  for  the  stowing-  of 
one  face.  This  pit  serves  as  a  storage  and  final  hopper  for  the 
■debris  before  it  is  mixed  with  the  water,  and  it  is  always  kept 
full  of  material.  In  the  event  of  there  not  being  sufficient  debris 
from  the  washery,  a  small  jaw  concussion-crusher  c,  driven  by 
a  25-horsepower  electric  motor  m,  and  capable  of  crushing  15 
tons  of  coal-shales  per  hour  to  a  diameter  of  If  inches  (45  milli- 
metres), is  provided.  The  crusher  is  situated  13  feet  (4  metres) 
above  ground-level,  and  stones  may  be  fed  into  it  from  the 
picking-belts,  which  are  at  the  same  level.  Failing  the  provi- 
sion of  stones  from  this  source,  debris  may  be  brought  direct  to 
the  crusher  from  the  banking-out  level,  23  feet  (7  metres)  higher 
by  way  of  the  tippler  t  and  the  shoot  s.  The  material  on  leaving 
"the  crusher  falls  on  to  a  shaking  screen  s1,  worked  by  a  3-horse- 
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power  electric  motor  ml,  which  delivers  all  large  pari  Lcles  into  the 
hopper  t2,  whence  they  are  taken  by  tubs  to  the  tip-heap ; 
the  remainder  of  the  material  falls  into  the  hopper  2,  and  thence 
directly  into  the  pit  by  way  of  the  shoot  q.  Should   there, 

from  any  causes,  be  a  lack  of  material  from  the  mine  itself, 
debris  may  be  taken  from  the  tip-heap,  elevated  to  the  23-foot 
(7-metre)  level  and  crushed ;  or,  if  of  suitable  size,  may  be 
brought  by  means  of  the  wagon  w,  and  tipped  straight  into  the 
storage-pit.  The  storage-pit  is  provided  with  a  hopper  bottom 
and  slides,  by  means  of  which  the  discharge  to  the  mixing  appar- 
atus is  regulated.  This  apparatus  is  placed  in  the  mixing  room, 
the  floor  of  which  is  at  the  115-foot  ('35-metre)  level.  The  mix- 
ing room  is  connected  to  the  downcast  shaft  by  a  short  level  drift, 
provided  with  an  onsetting  eye. 

The  mixing  apparatus  (Figs.  6  and  7,  Plate  V.)  consists  of 
two  cone-shaped  funnels,  one  inside  the  other,  the  inner  being 
rather  shorter  than  the  outer  one.  The  annular  space  between 
the  two  cones  is  closed  at  the  top  and  open  at  the  bottom,  forming 
a  compartment  into  which  the  mixing  water  enters  by  the  two 
inlet  pipes  p,  p.  By  this  arrangement  the  water  is  spread  evenly 
round  the  entire  annulus.  thus  giving  a  very  even  and  thorough 
mixture,  which  is  discharged  at  the  bottom  of  the  apparatus 
throug-h  an  opening  provided  with  an  adjustable  valve  made  of  a 
series  of  discs.  The  water  necessary  for  the  mixing,  winch  is 
about  a  third  of  the  total  required  to  conduct  the  debris  in  the 
mains,  is  brought  from  bank  by  a  main  6  inches  (147  milli- 
metres) in  diameter,  by  way  of  a  special  smaller  prl  :>{  feet 
(1  metre)  in  diameter,  placed  directly  alongside  the  storage  pit  p 
(Fig.  4,  Plate  V.).  The  regulation  of  this  supply  is  controlled 
by  a  valve  in  the  mixing  room. 

On  leaving  the  mixing  apparatus,  the  debris,  with  its  water, 
falls  on  to  an  iron  grid,  which  serves  to  arrest  any  stones  or  pieces 
of  wood  larger  than  3  inches  (80  millimetres)  cube,  these  being 
raked  off  by  an  attendant.  Passing  through  the  grid,  the  mixture 
is  taken  by  a  wooden  trough,  inclined  at  10  degrees,  to  within  a 
few  yards  of  the  shaft,  when  it  passes  into  a  pipe  of  large  diam- 
eter, which  is  connected  by  means  of  a  bend  and  a  reducing-piece 
to  a  branch-piece  let  into  the  principal  hydraulic  main  in  the 
.shaft.  This  main  has  a  diameter  of  l>  iindies  (147  millimetres), 
and  descends  direct  from  bank  and  supplies  the  remainder  of  the 
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water  necessary  for  the  complete  mixture,  as  also  the  whole  of 
the  water  necessary  to  fill  and  flush  the  pipes  before  and  after  the 
packing  of  each  section  of  the  face.  The  regulation  of  this 
additional  water  is  performed  by  one  man  at  the  surface,  by 
means  of  a  valve  placed  almost  directly  over  the  small  pit  for 
the  other  pipe-line.  This  pit  forms  a  very  fine  speaking-tube  to 
and  from  the  surface  and  the  mixing  room,  in  which  are  stationed 
two  men  whose  duty  it  is  to  control  the  supply  of  debris,  etc., 
and  to  attend  to  the  telephone.  These  men  (the  one  at  bank  and 
the  two  in  the  mixing  room)  are  required  only  during  the  actual 
packing  operations — that  is  to  say,  from  2"30  p.m.  until  the  finish 
of  the  operations,  which  usually  last  about  4  hours. 

Arrangement  of  Secondary  Branches  :  Present  and  Future. — 
At  the  present  time  there  are  only  two  branches  from  the  princi- 
pal hydraulic  main  in  the  shaft.  The  first  of  these  is  taken  off 
at  the  460-foot  (140-metre)  level,  and  on  travelling  along  the 
drift  passes  down  the  staple  which  constitutes  the  main  return 
airway  for  the  north  workings  above  the  750-foot  (229-metre) 
and  1,100-foot  (335-metre)  levels.  This  branch,  which  splits  in 
the  staple,  at  present  serves  for  the  packing  of  the  Pawon  Seam 
and  the  north  workings  of  the  Quatre  Pieds  Seam.  Branches 
will  be  taken  from  this  first  secondary  main  at  the  various  levels 
in  the  staple  where  the  seams  are  encountered  for  the  packing  of 
the  other  seams  in  this  section,  and  these  branches  will  then  travel 
to  the  dip  in  the  seams. 

A  similar  secondary  branch  will  be  made  from  the  shaft  at 
the  1, 030-foot  (314-metre)  level,  which  will  serve  to  pack  the 
north  workings  in  the  seams  above  the  1,300-foot  (396-metre) 
stage  now  in  course  of  preparation. 

The  second  existing  branch  leaves  the  mafl  main  at  the  level 
where  the  Quatre  Pieds  Seam  is  cut,  and  serves  the  faces  in  that 
seam  which  lie  to  the  south  of  the  shaft.  The  pipe-line  is  laid 
in  the  main  south  return  in  the  seam  itself,  and  is  first  branched 
for  1  lie  south-western  face  D,  after  which  it  splits,  one  split  going 
to  face  B  and  the  other  to  face  C  (Fig.  2,  Plate  V.). 

The  seams  on  the  south  below  the  Quatre  Pieds  Seam  will  be 
served  by  other  branches  taken  off  the  shaft  main  at  the  various 
levels. 

For  the  packing  of  the  workings,  both  north  and  south,  which 
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will  be  disposed  below  the  1,600-foot  (487-metre)  level,  a 
staple-pit  is  to  be  made  from  the  1,100-foot  (3:55-metre)  level  to 
the  1,190-foot  (363-metre)  level.  This  pit  will  fulfil  the  same 
duties  as  the  present  one  for  the  higher  levels,  and  the  arrange- 
ments tor  the  mixing,  etc.,  will  be  made  identical  with  the 
installation  now  in  use. 

The  (I  i  lnt.<  tor  this  pit  will  be  broug'ht  from  the  115-foot 
(35-metre)  pit  (which,  as  before  mentioned,  is  provided  at  the 
bottom  with  a  short  drift  terminating  in  an  onsetting  eye)  in 
tubs  by  the  cages,  or  will  be  brought  direct  from  bank  by  either 
of  the  two  shafts  with  both  of  which  the  pit  will  be  in  communi- 
cation. 

Pipes. — The  pipes  are  of  unlined  welded  steel;  those  for  the 
shaft  main  are  6  inches  (147  millimetres)  in  diameter  and  £  inch 
(6  millimetres)  in  thickness,  and  each  section  is  16|  feet  (5 
metres)  long.  The  various  sections  are  united  either  by  fixed 
flanges,  plain  or  grooved,  or  by  loose  flanges  and  bolts.  For  the 
first  installation  the  pipes  were  provided  with  fixed  flanges ;  these 
are  now,  however,  being  gradually  replaced  by  pipes  of  the  loose- 
fl  inge  type.  The  method  of  suspension  is  that  of  collarings 
placed  on  the  buntons. 

The  pipes  for  the  secondary  mains  are  6  inches  (145  milli- 
metres) in  diameter  and  a  little  over  \  inch  (7  millimetres)  thick, 
the  sections  varying  in  length  from  6|  and  10  feet  (2  and  3 
metres)  to  13  feet  (4  metres). 

The  pipes  for  the  faces  are  5  inches  (121  millimetres)  in 
diameter  and  \  inch  (4  millimetres)  thick,  each  section  being 
13  feet  (4  metres)  long.  The  reducing-pieces  are  5  feet  (1;,  metres) 
long,  the  diameters  at  the  ends  being  6  inches  (145  millimetres) 
and  5  inches  (121  millimetres)  respectively.  The  diameters 
given  are  all  internal  measurements. 

The  joints  used  for  the  secondary  and  face  mains  are  invariably 
of  the  loose-flange  type,  the  wedges  being  of  rubber.  Leather 
and  leaden  washers  have  been  tried,  but  have  failed  to  give  satis- 
faction, and,  in  view  of  the  cost  of  rubber,  experiments  are  now 
being  made  with  cardboard.  Figs.  8  and  9  (Plate  V.)  give  a 
cross-section  and  end  view  respectively  of  the  loose-flange  joint, 
and  Fig.  10  (Plate  V.)  shows  the  curve-pieces  used.  These  curve- 
pieces  are  made  of  the  same  material  as  the  pipes;  they  vary  in 
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length,  and  make  angles  of  90,  45,  and  22i  degrees.  Care  is 
always  exercised  to  make  a  curve  as  gradual  as  possible,  so  as  to 
avoid  excessive  friction,  clogging,  and  unnecessary  wear. 

For  the  important  curves,  such  as  at  the  shaft  and  at  the  top 
and  bottom  of  staples,  the  curve-pieces  are  fitted  on  the  convex 
sides,  near  the  centre,  with  small  circular  removable  discs,  and 
also  with  screw-plugs  at  either  end,  so  as  to  assist  in  the  event 
of  an  examination  and  to  clean  or  help  to  flush  them  in  the  event 
of  any  clogging. 

The  branch-pieces  employed  are  of  the  Eclair  pattern,  and 
are  fitted  with  a  movable  slanting  slide  or  shutter,  which  opens 
or  closes  the  main  pipe.  The  branches  (when  not  in  use)  are  closed 
by  the  insertion  of  a  blank  piece  between  the  flanges.  In  the 
galleries  the  pipes  are  generally  hung  by  means  of  sling-chains 
secured  to  the  roadway  timbers,  this  method  having  proved 
to  be  the  most  satisfactory.  At  the  face  the  main  is  laid  on  the 
floor,  and  is  supported  by  small  wooden  chocks  placed  at  each 
end  of  each  section  near  the  joints. 

With  regard  to  wear,  it  is  claimed  that  the  pipes  in  use  will 
last  for  at  least  4  years.  This  is  largely  due  to  the  fact  that  the 
debris  employed  for  the  packing  contains  practically  nothing 
but  the  soft  coal-shales  provided  by  the  washery.  For  the  rest, 
the  flatness  of  the  seams  renders  necessary  a  large  amount  of 
water,  the  mixture  being  in  general  in  the  ratio  of  two  parts  of 
water  to  one  of  packing-material.  This  circumstance,  taken 
together  with  the  frequent  flushings  necessitated  by  the  fact  that 
only  short  lengths  of  the  faces  can  be  taken  at  one  time,  also 
renders  clogging  of  the  debris  or  obstructions  extremely  rare. 

Water. — AVater  is  supplied  by  two  main  reservoirs,  one 
having  a  capacity  of  240  and  the  other  450  cubic  metres,  the 
larger  reservoir  having  been  built  specially  for  the  purpose. 
The  supply  for  these  is  pumped  from  the  pits  by  an 
electrically-driven  centrifugal  pump,  situated  at  the  886-foot 
(270-metre)  level,  drawing  water  from  a  collecting  reservoir 
placed  there  ;  and  also  by  an  electrically-driven  three-throw  pump 
which  elevates  water  from  a  reservoir  situated  at  the  1,207-foot 
(368-metre)  level.  The  greater  part  of  the  water  from  the  pack- 
ing, as  also  the  natural  water  of  the  mine,  gravitates  to  these  two 
underground  reservoirs,  which  are  simply  formed  of  a  number  of 
dammed-up  old  workings  and  drifts.     The  remainder  of  the  water 
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is  taken  by  a  north  drift  at  the  1, 375-foot  (419-metre)  level  to  a 
pit  in  the  adjoining-  royalty  belonging  to  the  same  company,  and 
is  there  dealt  with.  The  water  necessary  for  the  packing  of  the 
workings  below  the  l,60(J-foot  (487-metre)  level  will  be  drawn 
from  the  reservoir  at  the  1,207-foot  (368-metre)  level,  and  from 
another  in  course  of  construction  at  the  1,190-foot  (303-metre) 
level. 

Costs. — The  general  cost  amounts  to  about  5£d.  (58  centimes) 
per  ton  of  coal,  calculated  on  the  output  from  the  faces  packed 
hydraulically.  This  amount  is  made  up  approximately  in  the 
manner  shown  in  Table  II.  :  — 

Table  II. — Cost  of  Hydraulic  Packing  of  (iOavks. 

Cost  per  ton. 
Pence.         Centimes. 
Labour  and  wages     ...         ...         ...         ...         ...         ...        1  -631  17 

Laying  of  principal  mains,  and  the  costs  occasioned  by 

the  rare  stoppages         ...  ...         ...         0"096  1 

Planks,  faggots,  etc.,  for  making  the  draining  fences  at 

the   faces,   calculating   2-688d.    (28    centimes)   per 

metre  (39j  inches)  of  face 
Wedges,  bolts,  etc    ... 
Upkeep,    additions,    and    the    paying-off    of    the    first 

installation 
Upkeep  of  pump,  and  the  paying-off  of  the  cost  of  new 

underground  reservoirs,  etc.   ... 
Pumping  ...  ...  ...         

Total 

The  first  cost  of  the  installation  amounts  to  a  total  of  £4,280 
(107,000  francs),  made  up  as  shown  in  Table  III.  :  — 

Table  III. — First  Cost  of  Installation  of  Hydraulic  Stowing  Plant. 

Sinking  of  pit  for  debris,  etc.  ... 

Reservoirs  at  the  surface  for  water 

Pipes  and  valves  at  the  surface  and  at  the  115-foot 

(35-metre)  level 
Installation  of  crusher,  etc. 
Signalling  apparatus    ... 
Pipes 

Total 

In  addition,  £1,000  (25,000  francs)  should  be  included  for 
dealing  with  the  water  underground  in  the  form  of  reservoirs, 
etc. 
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8 

0-384 

4 

1-920 

20 

0  384 

4 

0-384 

4 

5-567d. 

Fr.0-58 

a 

Francs. 

400 

10,000 

300 

7,500 

160 

4,000 

500 

12,500 
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3,000 

2,800 

70,000 

£4,280 

Fr.  107,000 
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Conclusion. — In  conclusion,  it  may  be  remarked  that  against 
the  before-mentioned  cost  per  Ion  may  be  counted  the  savings, 
such  as  the  driving  of  intermediary  roads  and  the  hand-packing 
of  the  faces,  that  is  necessary  where  the  hydraulic  packing  is  not 
employed.  It  is  also  hoped  that  the  hydraulic  packing  will  have 
a  saving  effect  on  the  costs  for  surface  damages  when  the  system 
is  further  advanced  in  the  mine.  There  is  one  other  point  that 
is  worth  attention,  namely :  that,  on  account  of  the  greater 
solidity  of  the  goaf,  the  air-scale  is  greatly  reduced  or  entirely 
done  away  with,  thus  rendering  the  efficient  ventilation  of  the 
faces  very  much  easier  and  more  satisfactory. 

The  writer  wishes  to  take  this  opportunity  of  thanking  Mr. 
E..  France,  the  manager,  and  Mr.  P.  Habets,  the  agent,  for  the 
help  and  information  so  readily  and  kindly  supplied  to  him. 


The  President  (Mr.  W.  C.  Blackett)  proposed  that  a  vote  of 
thanks  should  be  accorded  to  Mr.  Ford  for  the  paper,  and  said 
that  it  would  also  come  up  for  discussion  at  a  future  meeting. 

The  vote  was  carried  unanimously. 


A  new   brake  for  colliery  tubs  was  exhibited,  described,  and 
demonstrated  by  Mr.  Enos  Parry. 


A  new  device  for  automatically  supporting  a  pit-cage  in  the 
event  of  the  winding-rope  breaking  was  exhibited,  described, 
and  demonstrated  bv  Mr.  F.  W.  Nunn. 
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THE  NORTH  OF  ENGLAND  [NSTITUTE  <  IF  MINING  AN  I) 
MECHANICAL  ENGINEEBS. 


GENERAL  MEETING, 

Held  in  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne. 

February  14th,  1914. 


Mr.  W.  C.  BLACKETT,  President,  in  the  Chair. 


The  Secretary  rend  the  minutes  of  the  last  General  Meeting, 
and  reported  the  proceedings  of  the  Council  at  their  meeting's  on 
January  31st  and  that  day. 


The  following-  gentlemen  were  elected,  having  been  previously 
nominated  :• — 

Members — 

Mr.  Kenroktj  Ide,  Professor  of  Mining,  Imperial  University,  Kyoto, 
Japan. 

Mr.  George  William  Minto,  Colliery  Manager,  Harraton  Colliery, 
Chester-le-Street. 

Mr.  John  William  Eobinson,  Colliery  Manager,  Bebside  Colliery,  Bebside, 
Northumberland. 

Mr.  George  Ellis  YorNG,  Colliery  Manager,  Benwell  Colliery,  Newcastle- 
upon-Tyne. 

Associate  Member — 
Mr.  Hubert  Greenwell,  30  and  31,  Furnival  Street,  Holborn,  London,  E.C. 

Students — 
Mr.   Gerald   Aldis,   Mining    Student,   Seghill   Colliery,   Seghill,    Dudley, 

Northumberland. 
Mr.    Robert    Wylie   Anderson,    Mining    Student,    Highfield,    Wallsendj 

Northumberland. 
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DISCUSSION  OP  ME.  SAMUEL  DEAN'S  "NOTES  ON 
COAL-MINING  IN  THE  UNITED  STATES  OF 
AMERICA,  WITH  SPECIAL  REFERENCE  TO  THE 
TREATMENT  OF  COAL-DUST,  AND  HAULAGE  BY 
ELECTRIC  LOCOMOTIVES."* 

Mr.  Samuel  Dean  (Delagua,  Colorado),  in  reply  to  the 
remarks  made  at  the  December  (1913)  meeting-  of  the  Institute, 
wrote  first  to  express  his  thanks  for  the  very  courteous  and 
instructive  manner  in  which  his  paper  had  been  discussed:  he 
felt  sure  that  the  information  given  by  the  various  speakers 
would  be  appreciated  by  the  members,  and  prove  of  real  value. 

With  respect  to  Mr.  Or.  S.  Rice's  unfortunately  true  state- 
ment, that  '"  the  excess  in  the  number  of  mines  over  the  require- 
ments necessarily  led  to  over-competition,  thus  depressing  prices 
to  such  an  extent  that  it  was  difficult  to  require  the  fullest 
measures  of  protection  from  accidents  and  prevention  of  waste," 
he  (Mr.  Dean)  might  add  that  in  none  of  the  States  did  the  laws 
demand  that  mine  superintendents  or  colliery  managers  should 
pass  an  examination,  the  result  being  that  all  sorts  and  conditions 
of  men  were  in  charge.  This  state  of  affairs  was  a  contributary 
cause  to  the  existence  of  demoralizing  competition,  and  the  conse- 
quent high  fatality  rate.  Someone  had  very  truthfully  said  that 
"as  ,)  whole,  the  coal-mining  business  is  the  most  indispensable. 
the  most  unprofitable,  and  the  most  maligned  and  misunderstood 
of  all  the  media  through  which  the  welfare  of  the  people  is 
secured.  It  is  the  most  important  and  most  helpless,  having  in  it 
the  power  to  command,  and  yet  behaving  as  a  non-resistent  mass. 
accepting  only  with  a  feeble  protest  the  criticisms  of  a  misin- 
formed public.*'  The  time  now  appeared  to  be  ripe  for  action. 
Mr.  Jesse  K.  Johnston,  in  a  paper  read  before  the  Coal  Mining 
Institute  of  America,  stated  that  "the  public  thinks  it  can 
cheapen  this  essential  product  by  destroying  that  machinery  by 
which  it  is  now  being  produced  at  a  lower  price  than  anywhere  in 
the  world,"  and  he  (Mr.  Johnston)  could  have  added  that  the 
mine-workers  of  America  received  higher  wages  than  were  prob- 
ably paid  in  any  other  part  of  the  coal-mining  world. 

The  method  of  appointment  or  election  of  Stale  Inspectors  of 
Mines  v?as  very  unsatisfactory.    In  the  premier  coal-mining  State, 

*  Trans.  Inst.  M.  A'.,  1913,  vol.  xlvi.,  pages  98  and  387. 
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Pennsylvania,  the  would-be  Inspector  must  first  pass  an  examina- 
tion, ami  (hen  register  with  the  County  Commission  and  be  placed 
on  the  "  t  icket  "  to  run  for  the  office.     As  Mr.  I).  -I .  Roderick,  one 

of  the  Chief  Inspectors  of  Mines,  had  said,  he  "  must  [tlien|  Bee 
the  voters,  go  down  into  common  places,  meet  them  in  the 
saloons,  hobnob  with  (hem,  and  try  to  curry  favour  and  get  their 

votes [He]  must  hire  a  (earn,  or  an  automobile,  (ravel 

around  (he  country,  and  mee(  farmers  here  and  there,  who  know 
no  more  about  mining  than  a  child  who  never  saw  a  mine  .... 
People  in  the  agricultural  section  don't  care  who  is  Inspector; 
and  (he  man  who  gets  the  office  is  the  man  who  can  spend  the 
most  money  and  be  the  best  fellow  while  running  for  office.'"* 
In  other  States  the  method  was  a  little  different,  but  equally 
unsat  isfactory . 

He  (Mr.  Dean)  could  not  quite  agree  with  Mr.  Rice  in  his 
statement  that  large  tubs  or  cars  retarded  the  introduction  of  a 
longwall  system  with  face-track ;  it  was  quite  possible  for  a  2-ton 
tub  to  be  used  along  the  face  in  a  5-foot  seam.  In  the  thinner 
-cams  worked  by  longwall  in  the  United  States  of  America,  face- 
conveyors  would  doubtless  be  preferable  to  face-tracks,  and  large 
tubs  could  then  be  used  without  difficulty,  as  pointed  out  by 
Mr.  H.  F.  Bulman.  A  small  tub  did  not  necessarily  occupy  less 
height,  as  Mr.  Bulman  had  stated  ;  with  a  broader  gauge,  and  a 
longer  and  wider  tub,  a  1-ton  tub  could  be  lower  than  a  10-cwt. 
tub  running  on  a  narrow  gauge.  He  agreed  with  Mr.  James 
Ashworth  that  the  size  of  tubs  might  easily  form  the  subject  of 
a  \erj  useful  paper. 

In  reply  to  Mr.  Ashworth,  he  would  state  that  the  dip  of  the 
seam  referred  to,  which  cropped  out  at  the  surface,  was  1  in  25, 
the  roof  was  a  treacherous  drawslate,  the  floor  was  hard,  and 
water  had  to  be  dealt  with  in  the  lower  workings. 

Mr.  Rice  spoke  of  the  danger  arising  from  the  use  of  electric 
trolley-locomotives  in  gaseous  mines.  One  would,  he  (Mr.  Dean) 
thought,  have  to  be  guided  by  prevalent  conditions  and  the 
amount  of  gas  given  off.  He  understood  that  compressed-air 
locomotives  were  being  used  with  success,  but  could  not  speak 
from  experience.  He  failed  to  agree  with  Mr.  Rice  that 
electric  trolley-locomotives  added  new  coal-dust  clangers.  He 
(Mi-.  Dean)  had  found  (hat  it  was  very  simple  so  to  treat  a  loco- 

*  Coal  Aye,  1913,  vol.  iv.,  page  935. 
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motive  luin  In  .'(■-!<>.  id  with  stone-dust  that  in  the  event  of  a  wreck 
large  volumes  of  that  dust  would  be  raised,  neutralizing'  the  coal- 
dust,  and  thus  preventing  ignition  by  the  short-circuiting  of 
the  trolley-wire  or  by  the  arcing  of  other  electric  cables. 

The  preponderance  of  opinion  appeared  to  be  opposed  to  the 
view  that  there  was  an  inrush  of  air  towards  the  advancing 
explosion  or  explosive  wave.  He  (Mr.  Dean)  was  quite  ready  to 
believe  that,  following  upon  the  firing  of  a  shot,  say  at  the  face 
of  a  heading  or  room,  there  was  an  inrush  of  air  along  the  bottom 
towards  the  face,  as  Mr.  John  Yerner  had  stated.  Mr.  J. 
Taffanel's  remark  that,  in  slow  explosions,  the  flame  was  drawn 
behind,  and  a  counter  current  brought  on,  was  very  significant. 
Mr.  Yerner  had  asked:  "Can  the  air  inrush  exist  in  the  face  of 
an  explosion,  and  can  it  under  seemingly  extremely  adverse  con- 
ditions make  sufficient  headway,  against  an  apparently  superior 
force,  to  produce  the  effects  claimed?"  Time  might  supply  a 
definite  answer  to  that  question.  Yarious  speakers  had  given 
their  opinion  as  to  what  might  have  caused  the  inrush  of  air  at 
Cokedale.  but  none  had  ventured  to  say  how  the  following- 
stronger  out-bye  rush  had  been  caused.  He  (Mr.  Dean)  believed 
that  exce>ssive  ventilation  was  the  principal  cause  of  the  great 
violence  of  dust-explosions  in  non-gaseous  mines.  The  recent 
explosion  at  Dawson  (New  Mexico)  spread  in  a  truly  frightful 
manner,  although  there  were  water-pipes  and  a  complete  sprink- 
ling system  along  the  roads  in  this  mine;  the  amount  of  air 
provided,  however,  was  much  in  excess  of  the  quantity  required 
by  law.  According  to  the  Coroner's  jury,  the  explosion  was  started 
by  an  overcharged  shot  of  permissible  powder;  261  men  lost  their 
lives,  about  246  of  this  number  being  killed  by  the  direct  force 
of  the  explosion.  State  Inspectors  of  Mines  were  clamouring 
continually  for  more  air  at  the  faces  in  non-gaseous  open-light 
mines.  The  law  demanded  certain  hundreds  of  cubic  feet  per 
minute,  per  man  and  horse,  but  the  only  method  of  furnishing 
proof  whether  the  men  had  sufficient  suitable  air  to  breathe,  or 
not,  was  by  analysis.  The  men  whose  duty  it  was  to  watch  the 
precautionary  provisions  of  mining  should  remember  that  brisk 
currents  of  air  at  or  near  the  faces  dried  out  the  freshly-mined 
damp  coal-dust,  and  so  increased  the  dangers  arising  from  shot- 
firing. 

Mr.  T.  H.  O'Brien  having  questioned  his  (Mr.  Dean's)  figures 
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with  respecl  to  haulage-labour  costs,  it  was  only  necessary  to 
state  that  driving  between  the  coal-face  and  llie  parting  would 
not  lie  included  under  "haulage"  in  the  Xe\\ castle-upon-Tyne 
district,  where  his  paper  was  read,  but  would  come  under  the 
head  of  "putting."  The  figures  were  given  in  order  to  enable 
others  to  compare  the  cost  of  locomotive  haulage  on  main  roads 
with  endless-rope  haulage  on  similar  roads.  Mr.  O'Brien  had 
further  questioned  whether  an  explosion  could  be  prevented  by 
blowing  a  little  dry  stone-dust  against  the  walls  of  the  main  entry 
three  times  a  month.  He  (Mr.  Dean)  regretted  very  much  that 
any  such  notion  of  the  complete  application  of  incombustible 
dust  should  be  formed.  If  Mr.  O'Brien  would  again  read  the 
paper,  he  would  find  that  hundreds  of  shelves  were  strung  along 
the  roads  and  loaded  with  adobe-dust.  Such  shelves  were  also  to 
be  found  in  many  of  the  cross-headings  where,  as  Mr.  O'Brien 
had  surmised,  there  were  sometimes  accumulations  of  coal-dust. 
Since  March,  1911,  over  1,000  tons  of  adobe-dust  had  been 
distributed  in  the  mine  in  question,  and  distribution  continued 
daily.  The  total  cost,  including  gathering,  distributing,  and 
the  erection  of  shelves,  had  been  comparatively  trifling — in  fact, 
less  than  jd.  (h  cent)  per  ton  of  coal-output  from  the  whole  of  the 
mine.  The  greatest  cost  was  the  cleaning-up  of  the  roads,  on 
account  of  the  type  of  cars  used;  but  this  cleaning-up  was  also 
necessary  in  any  similar  mine,  whether  stone-dust  was  used  or 
not.  The  road-cleaning  expenditure  could  be  much  reduced, 
however,  at  mines  where  washers  and  coke-ovens  were  installed. 
as  the  coal  and  dirt  could  be  sent  to  the  washery  and  the  residue 
of  clean  coal  made  into  coke. 

He  (Mr.  Dean)  was  unable  to  supply  Mr.  O'Brien  with  any 
figures  as  to  the  effect  of  radiators  and  moistening,  over  a.  period 
of  time,  and  he  doubted  very  much  whether  any  figures  had  been 
given  by  the  advocates  of  this  method,  which  they  claimed  was  a 
preventive  of  dust  explosions. 

It  would  no  doubt  come  as  a  great  surprise  to  many  to  learn 
from  Mr.  A.  C.  Watts  that  washing  the  roof  in  mines  in  Utah 
with  water  had  a  tendency  to  prevent  falls.  He  (Mr.  Dean)  had 
found,  in  the  mines  in  t  lie  adjoining  State  of  Colorado,  with 
which  he  was  connected,  that  sprinkling  the  roof  caused  numerous 
falls,  and  the  practice  was  consequently  abandoned.  He  had 
also  noticed  that  falls   occurred   more   frequently   in   the  damp 
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than  in  the  dry  districts  of  the  mines,  and  that  accidents  from 
falls  had  been  more  numerous  in  the  former  than  in  the  latter. 
He  (Mr.  Dean)  made  hold  to  state  that  he  had  lost  all  confidence 
in  watering  where  that  method  alone  was  relied  upon  to  prevent 
or  stop  explosions  of  dust,  and  he  might  mention  that  a  number 
of  water-treated  miners  had  "blown  up"  violently,  causing 
hundreds  of  deaths,  within  the  last  two  or  three  years.  Of 
course,  as  Mr.  Rice  had  stated,  too  often  the  work  was  not  as  well 
done  as  it  ought  to  he:  but  he  (Mr.  Dean)  was  compelled  to  say 
that  it  was  very  difficult,  practically  impossible,  to  treat  a  mine 
efficiently  with  water  alone.  One  could  treat  a  mine  with  water 
for  five  years,  or  for  twenty- five  years,  but  should  the  pumps 
break  down,  or  the  water-supply  fail  in  any  other  way.  the  mine 
would  be.  in  one  or  two  days,  as  dangerous  as,  or  even  more 
dangerous  than,  it  had  ever  been.  The  application  of  adobe-dust 
had  proved  cheaper  than  watering,  and  was  certainly  more 
efficient.  "When  natural  projections  and  shelves  in  a  mine  were 
loaded  with  stone-dust,  that  dust  remained  there  for  several  years 
to  act  as  a  diluent  whenever  the  occasion  should  arise.  Stone-dust 
did  not  evaporate. 

He  wished  to  thank  Mr.  Leonard  R.  Fletcher  for  his  compli- 
mentary remarks  with  regard  to  the  dust-blowing  machine.  It 
was  quite  correct  that  one  of  the  failings  of  the  machine  was  the 
small  quantity  of  dust  blown  per  hour  :  it  was,  however,  the  first  of 
its  kind,  and  when  the  next  one  was  built  many  improvements 
could  be  introduced.  He  quite  agreed  that,  for  subsequent  treat- 
ment, and  after  shelves  and  projections  had  been  filled,  the 
application  of  dust  by  a  machine  was  preferable  to  hand-dis- 
tribution. 

With  respect  to  Mr.  C.  C.  Leach's  remarks  as  to  the  percent- 
age of  stone-dust  necessary,  he  (Mr.  Dean)  was  inclined  to  agree 
with  Sir  William  Garlorth  that  "  it  was  better  to  be  sure  than 
sorry."  and  he,  therefore,  suggested  that  the  application  should 
be  liberal. 

In  conclusion,  he  wished  to  remove  the  impression  which  any- 
one reading  the  discussion  might  form,  that  Delagua  was  an 
exceptional  colliery,  for  it  was  certainly  by  no  means  a  "show" 
pit. 

Mr.  F.  II.  Wynne  (II. M.  Inspector  of  Mines,  Durham)  said 
that  there  \\;iv  one  point  in  Mr.  Dean's  paper  which  did  not  seem 
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to  have  received  as  much  attention  as  it  deserved,  namely,  that 
regarding  the  efforts  made  t<>  keep  the  principal  roads  clean.  It 
seemed  to  him  (Mr.  Wynne)  that  in  this  country,  where  dusting 
of  the  roads  hud  been  applied  extensively,  insufficient  steps  had 
been  taken  to  keep  the  stone-dust  off  the  floor.  The  stone-dust 
was  scattered  here,  there,  and  everywhere,  and  was  allowed  to 
lie,  and  when  the  men  and  horses  passed  along,  tremendous 
clouds  of  dust  were  raised.  In  the  present  state  of  our  knowledge 
it  was  donlitful  -whether  this  dust  was  quite  so  harmless  to  the 
lungs  of  the  workmen  as  one  was  led  to  believe.  He  thought  that 
it  ought  to  be  part  of  their  policy,  where  dusting  was  carried  on, 
to  see  that  the  dust  was  kept  off  the  floor  as  much  as  possible,  and 
if  not  kepi  oft  the  floor,  to  see  that  it  was  well  watered,  so  that  it 
would  not  rise.  The  dust  would  do  all  that  was  required  of  it, 
if  it  was  strewn  thickly  on  the  sides  and  on  the  timbers  against 
the  roof. 

The  President  (Mr.  W.  C.  Blackett)  thought  that  everyone 
would  be  very  sorry  indeed  if  the  Inspectors  in  this  country  were 
elected  in  the  same  way  as  in  the  part  of  the  world  to  which 
Mr.  Dean  belonged.  Still,  they  might  not  yet  be  out  of  the  wood, 
and  it  was  possible  that  eventually  mere  votes  would  carry  the 
day. 

He  did  not  think  that  Mr.  Dean  need  find  much  difficulty 
in  accounting  for  the  stronger  out-bye  rush  following  the 
explosion,  if  he  considered  the  circumstances,  but  the  circum- 
stances of  the  galleries  would  have  first  to  be  known.  At 
Eskmeals,  where  an  explosion  was  started  in  a  more  or  less 
straight  gallery,  if  one  were  on  the  top  of  the  gallery  when  the 
explosion  took  place  (at  any  rate,  in  the  case  of  low-pressure 
explosions),  one  could  count  a  number  of  successive  movements 
puffing  out  flame  from  the  holes  in  the  gallery. 

It  was  rather  quaint  to  have  attention  drawn  to  someone  who 
advocated  the  watering  of  roofs  in  order  to  make  them  stronger, 
and  he  (Mr.  Blackett)  was  not  prepared  to  say  that  in  individual 
eases  such  would  not  be  the  case;  but  the  fact  showed  how 
absolutely  impossible  in  this  world  it  was  to  devise  rules  and 
regulations  which  would  govern  all  mines  equally.  Here  was  an 
example  where  people  (contrary  to  the  usual  conditions,  in  which 
it  would  be  absolutely  foolish  to  do  so)  would  like  to  put  water  on 
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their  roofs;  and  they  might  safely  sum  the  ease  up  by  saying 
that  "  What  was  one  man's  meat  was  another  man's  poison."  If 
Legislators  would  remember  that  truism  when  compiling  rules 
and  regulations  for  our  mines,  they  would  succeed  much  better  in 
their  efforts  than  they  now  did. 


DISCUSSION  OF  ME.  LEU  DOREY  FORD'S  "NOTES  OX 
A  NEW  PROCESS  FOR  THE  WASHING  OF  COAL  AT 
THE  ST.  NICHOLAS  PIT  OF  THE  SOCIETE  DES 
CHARBONNAGES  DE  L'ESPERANCE  ET  BONNE 
FORTUNE,  NEAR  LIEGE,  BELGIUM."* 

Mr.    John    Elcoate    (Middlesbrough)    wrote    that    the   Rheo- 
laveur  was  certainly  an  improvement  on  the  old  trough-washer, 

as  it  automatically  removed  the  dirt,  and,  therefore,  was  likely 
to  give  more  regular  results.  It  did  not,  however,  appear  to 
reduce  the  speed  of  the  water  down  the  trough,  or  the  large 
volume  necessary  to  carry  the  coal.  It  was  exceedingly  difficult 
to  separate  flat  pieces  of  dirt,  and  also  fine  dirt,  from  coal  with 
rapidly  flowing  water,  which  fact  had  in  the  first  place  caused  the 
trough-washer  to  be  superseded  by  the  jig- washer  with  a  felspar 
bed.  In  the  latter  machine,  the  flow  along  the  top  of  the  bed 
could  be  regulated  to  a  nicety,  and  the  small  dirt  separated  by 
an  upward  flow  of  the  water  through  the  felspar  bed,  which  acted 
as  a  medium  for  holding  the  layers  of  dirt  and  coal  at  the  down 
or  return  stroke.  The  dirt-bed  on  the  jig  could  be  maintained 
at  any  thickness  required  for  a  suitable  washing  of  the  coal. 
An  experienced  man  could  by  eye  alone  recognize  any  variation 
jii  the  thickness  of  the  dirt-bed,  and  would  regulate  his  outlets 
to  me.'t  i  In-  case,  before  any  coal  had  been  allowed  to  pass  away 
with  the  dirt,  or  dirt  with  the  coal.  This  gave  the  jig  a  working 
margin  which  did  not  exist  in  the  Rheolaveur,  as  there  was  no 
bed  whatever  over  the  water-inlets  in  the  floor  of  the  trough  in 
this  apparatus.  It  was  evidently  intended  to  regulate  the 
speed  of  the  water  rising  through  these  inlets  to  such  a  degree 
that  the  coal  just  passed  clear  over  the  inlet,  whereas  the  dirt, 
owing  in  its  greater  weight,  tell  through  and  collected  below. 
If  the  d;ri  and  coal  were  of  even  size,  and  also  of  approximate 

*  Trans.  lust.  M.  /•;.,  inn,  vol.  xlvi.,  page  \S 
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cubical  shape,  the  Rheolaveur  could  no  doubt  be  set  to  wash  the 
coal  properly  ;  but,  when  the  dirt  was  oblong  or  flat,  and  in  thin 
pieces,  the  current  of  water  coming  from  below  was  hound  to  act 
differently  on  these  odd-shaped  pieces  than  on  true  cubes.  If  the 
flat  pieces  met  the  current  end  on,  such  pieces  would  sink, 
whereas  if  the  same  pieces  arrived  sideways  on,  they  would  be 
carried  away  with  the  current. 

It  was  mentioned  that  the  water  consumption  with  Rheo- 
laveurs was  smaller  than  with  jigs.  Unfortunately,  no  definite 
figures  as  to  the  size  of  the  pump  and  its  capacity  were  given. 
For  a  Baum  washer  of  a  capacity  of  60  tons,  one  single  centri- 
fugal pump  with  an  8-inch  delivery,  pumping  800  gallons  per 
minute,  was  required  ;  tor  a  washer  of  a  capacity  of  75  tons,  a 
pump  with  a  10-inch  delivery,  pumping  1,300  gallons  per 
minute,  was  required;  for  a  washer  of  a  capacity  of  100  to  125 
tons,  a  pump  with  a  12-inch  delivery,  pumping  1,800  gallons  per 
minute,  was  required;  and  for  a  washer  of  a  capacity  of  150  to 
200  tons,  a  pump  with  a  14-inch  delivery,  pumping  2,500  gallons 
per  minute,  was  required.  Why  should  the  power  for  driving 
the  pumps  in  connexion  with  Rheolaveurs  be  greater,  as  men- 
tioned, if  the  water-consumption  was  less  ?  The  comparison  in- 
stituted by  the  author  between  Rheolaveurs  and  jig-washers  was 
not  favourable  to  the  latter,  and  remarks  were  made  which 
might  refer  to  jig- washers  of  30  years  ago,  but  not  to  modern 
practice.  It  was  mentioned  that  water-consumption  with 
Rheolaveurs  was  not  of  great  importance,  as  the  plant  could  be 
so  arranged  that  little  water  was  lost.  With  modern  washeries, 
especially  the  Baum,  no  water  whatever  was  lost,  except  such 
as  passed  away  with  the  washed  products  as  moisture. 

The  regulation  of  the  Rheolaveur  was  stated  to  be  easy,  especi- 
ally with  coal  of  varying  nature,  and  it  was  averred  that  tests 
were  easily  taken  at  the  various  valves.  Mr.  Ford  did  not  say  how 
these  tests  were  made,  whether  on  a  scientific  basis  or  by  appear- 
ance only.  In  the  latter  case  it  was  not  possible  to  ascertain  from 
inspection  only  the  presence  of  coal  in  the  dirt,  if  the  amount  did 
not  exceed  4  per  cent. ;  whereas  all  modern  jig-washers  carried  a 
guarantee  that  the  dirt  would  contain  less  than  2  per  cent,  of 
free  coal.  It  was  only  after  exhaustive  experiments,  combined 
with  laboratory  tests,  that  a  modern  jig-washer  was  set  for  its 
particular  work,  and  the  margin  in  the  thickness  of  the  washing- 
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lied  w;is  the  only  guarantee  for  continuously  good  results.  This 
margin  did  not  exist  with  the  Rheolaveur,  and  it  was  difficult  to 
believe  thai  results  without  this  margin  would  be  as  steady  as 
those  of  jig-washers. 

One  of  the  advantages  claimed  for  the  Rheolaveur  was  the 
creation  of  only  a  very  small  amount  of  sludge.  The  amount  of 
sludge  depended  solely  upon  the  nature  and  the  quantity  of  the 
dust  in  the  coal,  and  it  would  be  interesting  to  know  why  the 
Rheolaveur  should  create  less  sludge  than  the  jig,  especially  as 
the  coal  appeared  to  be  longer  in  contact  with  the  water  and 
subjected  to  greater  forces. 

As  he  (Mi'.  Elcoate)  had  already  mentioned,  the  water-con- 
sumption as  compared  with  that  in  jigs  seemed  doubtful;  the 
actual  results  given  by  the  author  might  be  very  good  or  other- 
wise. After  all,  a  coal-washer  was  not  a  chemical  machine,  but 
merely  mechanical,  the  washing  being  based  on  the  fact  that  dirt 
was  heavier  than  coal. 

The  washability  of  the  coal  did  not  at  all  depend  upon  the 
ash  content  of  the  various  products,  although  the  washer  was 
intended  to  reduce  the  ash  content  in  the  raw  coal  by  eliminating 
the  actual  dirt.  For  instance,  one  washer  might  be  dealing  with 
coal  of  a  specific  gravity  of  less  than  T35,  with  very  little  middles 
or  mixtes,  as  mentioned  by  Mr.  Ford,  and  dirt  of  above  1'8 
specific  gravity.  The  clean  coal  might  contain  2h  per  cent,  of 
fixed  ash,  and  the  dirt  90  per  cent,  of  fixed  ash,  resulting  in  the 
washed  coal  containing  about  3  per  cent,  of  ash,  and  dirt  with, 
say,  85  per  cent,  of  ash.  One  would  think  these  perfect  results, 
but  they  were  a  very  simple  washing  proposition.  Another 
washer  might  treat  coal  of  about  1'4  specific  gravity,  with  a  fair 
amount  of  middles  between  1'45  and  1*6,  and  dirt  of  above  l'T 
specific  gravity.  The  clean  coal  (about  1'4  specific  gravity)  might 
contain  about  5  per  cent,  of  ash,  the  middles  from  10  to  30  per 
cent,  of  ash,  and  1he  dirt  over  70  per  cent,  of  ash,  resulting  in  a 
washed  coal  of,  say,  7  per  cent,  of  ash,  middles  of  about  25  per 
cent,  of  ash.  and  dirt  of  about  60  per  cent,  of  ash — most  satis- 
factory results  indeed  for  the  plant,  but  apparently  very 
bad  as  compared  with  the  first-mentioned  results.  Far  more 
explanatory  and  satisfactory  were  the  actual  washing  tests  than 
the  theoretical  washing  results,  such  as  were  carried  out  in 
solutions  of  varying  specific  gravity.     The  composition   of  the 
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first  example  would  immediately  become  apparent  as  compared 
with  that  of  the  second  example,  and  the  degree  of  washability  of 
the  two  samples  as  compared  with  the  actual  washing-  results 
would  demonstrate  which  plant  was  working  best. 

He  (Mr.  Elcoate)  was  indebted  to  Mr.  Sherwood  Hunter,  of 
Manchester,  for  the  particulars  that  he  had  given  relating  to  the 
Baum  washer. 


DISCUSSION  OF  MR.  LEO  DOREY  FORD'S  "NOTES  ON 
THE  WORKING  OF  THE  ST.  NICHOLAS  PIT  OF  THE 
SOCIETE  DES  CHARBONNAGES  DE  L'ESPERANCE 
ET  BONNE  FORTUNE.  NEAR  LIEGE,  BELGIUM, 
WITH  SPECIAL  REFERENCE  TO  THE  HYDRAULIC 
PACKING  OF  THE  GOAF."* 

The  President  (Mr.  W.  C.  Blackett)  said  that  the  author 
drew  attention  to  several  interesting  points.  For  instance,  the 
air  in  its  progress  through  the  workings  was  never  allowed  to 
descend — a  practice  that  would  be  very  difficult  to  follow  in  the 
mines  of  this  country. 

Another  point  was  that  no  timber  was  ever  withdrawn  from 
the  goaves.  which  were  filled  up  by  hydraulic  stowage.  The 
cost  of  this  process  was  based  on  nearly  everybody  working 
9-hour  shifts  at  least. 

Mr.  J.  H.  Merivale  (Acklington)  said  that  with  reference  to 
the  ventilation  always  ascending,  the  conditions  were  very 
different  in  Belgium  from  those  prevailing  in  England.  It  had 
been  the  law  in  Belgium  for  forty  years  to  his  knowledge  that  all 
air-currents  should  ascend.  The  seams  lay  at  a  very  steep  angle, 
and  the  air  was  taken  to  the  bottom  of  the  downcast  shaft,  and 
then  went  uphill  to  the  upcast  shaft,  an  arrangement  which  could 
be  carried  out  quite  easily  in  such  mines.  It  was  a  point  of 
interest  that  in  Belgium  the  timber  was  not  drawn  from  the 
goaves.  A  friend  of  his — a  colliery  manager — had  come  over 
from  Belgium  to  study  English  methods  of  drawing  timber,  in 
order  to  see  whether  he  could  adopt  them  at  his  mines,  but  he 
came  to  the  conclusion  that  the  conditions  were  so  totally  differ- 
ent in  Belgium  that  it  would  be  absolutely  impossible  to  do  so, 
and  thereby  save  the  timber. 

*  Trans.  Inst.  M.  E.,  1913,  vol.  xlvi.,  page  439. 

VOL.    LXIV.— 1913-1914. 
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Mr.  Frank  Coulson  (Durham)  thought  the  statement  that 
the  air  musl  not  he  taken  down  over  was  a  little  misleading- 
lit-  was  of  opinion  that  the  law  only  applied  when  the  air  was 
taken  through  the  workings  to  the  upcast  shaft.  Any  local 
circulation  of  the  air  which  might  he  downhill  was  permissible ; 
the  regulation  did  not  mean  that  the  air  should  never  be  taken 
down.  The  air  had  eventually  to  be  brought  to  the  upcast  shaft, 
which  was  to  the  rise,  and  he  thought  that  that  was  the  correct 
interpretation  of  the  regulation. 

Mr.  Mekivale  said  that  he  differed  from  the  last  speaker;  he 
was,  of  course,  speaking  of  what  was  in  force  forty  years  ago. 

Mr.  Coulson  remarked  that  forty  years  ago  he  was  an 
assistant  manager  in  a  mine  in  Germany,  where  the  same  law 
applied.  In  all  cases  the  air  was  taken  to  the  bottom  of  the  deep 
pit ;  the  seams  were  lying  at  an  angle  of  about  45  degrees,  and 
the  air  had  to  work  up  to  the  upcast  shaft.  That,  however,  did 
not  prevent  them  from  taking  the  air  down  where  it  was  neces- 
sary :  in  certain  cases,  where  they  had  dip-workings,  they  took 
the  air  down,  and  that  procedure  was  sanctioned  by  the 
1  nspectors. 


Mr.  H.  W.  Gr.  Halbaum  read  the  following  paper  on  "The 
Automatic  Distribution  of  Stone-dust  by  the  Air-current":  — 
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THE  AUTOMATIC  DISTRIBUTION  OF  STONE-DUST  HY 
THE  AIR-CURRENT. 


By  H.   \Y.  6.  HALBAUM  (Oreenwell  Medallist). 


Coal-dust  itself  appears  to  be  the  best  teacher  of  the  methods 
which  should  be  employed  when  applying  the  stone-dust  remedy. 
The  natural  philosophy  of  the  evil  is  also  that  of  the  remedy. 
It  is  assumed  that  the  following  propositions  will  be  granted 
without  demur.  If,  then,  the  stone-dust  treatment  is  to  be 
effective,  the  remedial  stone-dust,  as  compared  with  the  coal- 
dust  it  is  designed  to  neutralize,  must — 

(1)  Be  equally  plentiful ;  and  if  it  can  overwhelm  the  enemy 
by  sheer  force  of  numbers,  so  much  the  better. 

(2)  It  must  be  equally  finely  divided;  for  the  finer  the  dust, 
the  greater  is  the  heat-absorbing  surface  presented  by  a  given 
weight  of  dust  when  raised  as  a  cloud  in  the  air. 

(3)  It  must  be  equally  buoyant;  or  on  the  occasion  of  any 
shock,  accompanied  by  high  temperature,  in  the  mine,  the  coal- 
dust  will  rise  as  a  cloud  in  the  air,  presenting  all  its  absorbing 
surface  to  the  heated  atmosphere,  whilst  the  heavier  stone-dust 
will  be  left  lying    comparatively    useless    on    the    floor.     This 

necessity   of   the   etone-dust    having,    if    possible,    the   inferior 
specific  gravity,  seems  quite   obvious. 

(4)  As  the  remedial  agent,  the  stone-dust  must  be  available 
where  the  evil  exists.  It  is  of  little  use  to  mass  the  fine 
stone-dust  in  one  part  of  the  mine  (say  the  floor)  if  the  finer 
coal-dust  is  present  in  another  part  of  the  mine  (say  the  roof). 

(5)  If  the  efficiency  (in  the  good  sense)  of  the  stone-dust  is 
to  equal  the  efficiency  (in  the  bad  sense)  of  the  coal-dust,  the 
efficiency  of  its  manner  of  distribution  must  be  equal  to  that  of 
the  method  or  methods  whereby  coal-dust  is  distributed. 

(6)  The  method,  or  methods,  whereby  coal-dust  is  distributed 
cannot  be  excelled ;  the  efficiency  of  that  distribution  is  only  too 
apparent  from  its  effects,  as  illustrated  in  the  history  of  mimerous 
coal-dust  disasters. 
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From  the  six  incontrovertible  propositions  enunciated  above 
a  conclusion  is  arrived  at.  which  may  be  stated  as  follows  : — 

(7)  Since  the  methods  by  which  coal-dust  is  distributed 
throughout  the  mine  cannot  be  excelled,  and  since  no  other 
method  equal  thereto  is  known,  and  since  it  can  be  of  little  use  to 
distribute  the  remedial  stone-dust  by  an  inferior  method,  there 
is  do  choice  but  to  distribute  the  stone-dust  by  the  same  methods 
as  those  employed  with  such  effective  and  deadly  purpose  in 
the  distribution  of  coal-dust. 

In  order  to  confine  this  paper  within  sufficiently  brief  limits, 
it  will  be  here  assumed  that  the  most  dangerous  dust  is  that 
found  on  the  main  haulage-waj-s,  and  the  stone-dust  treatment 
will  here  be  considered  only  as  it  affects  these  roads. 

Since  the  natural  philosophy  of  the  case  indicates  that  any 
effective  method  of  stone-dust  distribution  must  follow  on  the 
same  lines  as  those  whereby  the  coal-dust  is  distributed,  the 
first  point,  therefore,  is  to  agree  as  to  the  methods  of  coal-dust 
distribution  which  it  is  intended  to  copy.  A  general  agreement 
on  this  point  should  be  easily  arrived  at.  Under  present  con- 
ditions, the  coal-dust  is  distributed  on  the  main  haulage-ways 
by  two  principal  means.       A  third  will  be  noted  later. 

First,  the  coal-dust  from  the  screens  is  carried  into  the  down- 
cast shaft  by  the  air-current.  The  finest,  and  therefore  the  most 
dangerous,  portion  of  this  dust  floats  in  the  air-current,  and  is 
finally  deposited  on  the  roof,  sides,  floor,  and  timbers  of  the 
haulage-way.  The  air-current,  it  may  be  noted,  automatically 
selects  the  finest  dust  for  this  purpose  and  probably  there  is 
no  mechanical  means  at  present  devised  which  can  compete 
successfully  with  the  air-current,  considered  as  a  distributer 
of  dust. 

Secondly,  a  large  amount  of  dust  is  distributed  in  the  main 
haulage-ways  by  the  following  means: — The  train  of  full  tubs 
coming  out-bye  keeps  the  dust  on  the  tub-tops  in  a  state  of 
vibration,  the  vibration  being  greatly  intensified  by  the  unavoid- 
able roughness  of  the  roads  made  in  a  coal-mine.  The  air- 
current,  on  the  other  hand,  is  travelling  in-bye  over  the  tops  of 
the  shaking  trams.  It  is  the  impetus  of  the  current  which  raises 
the  vibrating  dust  from  the  tub-tops  and  carries  it  for  some 
distance  as  a  fine  cloud  in  the  air.  The  larger  particles  are 
soon  dropped  on  the  floor  of  the  road,  whilst  the  smaller  particles 
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float  in  the  current  longer,  and  are  finally  deposited  on  the  roof, 
sides,  and  timbers  of  t lie  haulage-way.  Why  cannot,  then,  the 
automatic  force  of  this  current  be  divided  in  some  such  manner 
that  the  whole  of  its  power  will  not,  as  at  present,  be  exerted  in 
moving  the  coal-dust?' 

Coal-dust  from  the  screens  is  carried  into  the  air-current, 
simply  because  it  has  gathered  at  such  a  point  that  the  suction  at 
the  top  of  the  downcast  shaft  draws  it  into  the  shaft.  If,  there- 
fore, the  stone-rust  is  to  be  distributed  in  the  same  manner,  the 
stone-crushing  plant  should  be  in  the  near  neighbourhood  of  the 
downcast  shaft,  or,  better  still,  in  a  shunt  connecting-  the  surface 
with  the  downcast  shaft  in  much  the  same  way  as  the  fan-drift 
usually  connects  the  fan-inlet  with  the  upcast  shaft.  Or,  if 
suitable  flue-dust  is  available,  this  can  be  deposited  in  a  drift 
or  shunt  leading  from  the  boilers  to  the  downcast  shaft.  If  the 
coal-dust  is  distributed  in  this  way  with  the  most  deadly  effects, 
why  should  not  the  stone-dust  (or  flue-dust)  be  carried  into  the 
mine  in  the  same  way?  And  why  should  the  distribution  of 
inert  dust  by  this  means  be  less  effective  for  good  than  the  same 
method  is  already  effective  for  evil  in  the  case  of  coal-dust  ? 

The  Coal  Mines  Act  of  1911  requires  that,  in  the  case  of  a 
mine  newly  opened  after  the  passing  of  the  Act,  no  plant  for 
the  screening  or  sorting  of  coal  shall  be  situated  within  a  dis- 
tance of  80  yards  from  any  downcast  shaft.  If  the  proposed 
arrangement  of  the  screening  plant  could  become  general,  one 
great  source  of  danger  would  be  removed ;  but  if,  at  the  same 
time,  an  arrangement  can  be  adopted  whereby  the  fine  stone- 
dust  would  be  carried  into  the  mine  by  the  current,  the  standard 
of  safety  would  be  still  further  enhanced. 

The  Act  also  directs  that  the  tubs  shall  be  so  constructed  and 
maintained  as  to  prevent,  as  far  as  practicable,  coal-dust  escap- 
ing through  the  sides,  ends,  or  floor  of  the  tubs,  although  any 
tub  which  was  in  use  in  any  mine  at  the  date  of  the  passing  of 
the  Act  may,  notwithstanding  that  it  is  not  so  constructed,  con- 
tinue to  be  used  in  that  mine  for  a  period  of  five  years  from  the 
said  date. 

This  provision  foreshadows  the  introduction  of  a  closed  tub. 
Open-ended  tubs  have  never  found  favour  in  the  North  of  Eng- 
land. A  good  iron  tub,  however,  with  normally  open  top.  such 
as  that  usually  employed  in  the  North,  seems  to  be  as  sood  an 
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arrangemenl   as  can  be  adopted,  provided  that  the  tubs  are  not 
Loaded  above  the  level  of  the  tub  itself. 

The  finer  and  more  dangerous  dust  appears  on  the  main 
haulage-roads;  first,  because  it  has  been  hauled  there,  and 
secondly,  because  the  air-current  has  then  raised  it  from  the  tub- 
tops  and  floated  it  to  rest,  according-  to  the  respective  degrees  of 
its  fineness,  in  various  portions  of  the  road. 

Pursuing*  the  natural  philosophy  of  the  case,  it  appears, 
therefore,  that  if  the  stone-dust  treatment  is  to  be  as  potential 
for  good  as  the  automatic  coal-dust  distribution  is  already 
potential  for  evil,  the  stone-dust  must  be  distributed  in  the  main 
haulage-road  by  a  similar  method.  It  must  be  hauled  thither, 
put  into  vibration,  and  shaken  up  by  the  jolting  of  the  train, 
removed  from  the  tub-tops  by  the  agency  of  the  air-current, 
carried  in  the  air-current,  and  finally  deposited  on  the  roof, 
sides,  floor,  and  timbers  of  the  road  by  the  same  automatic  and 
unerring  natural  means. 

Coal  cannot,  of  course,  be  hauled  along  the  road  if  all  the 
tubs  are  filled  with  stone  or  stone-dust,  but  the  writer  proposes 
that  managers  should  anticipate  the  closed  tub  foreshadowed  by 
the  Act,  and  improve  upon  it. 

Instead,  therefore,  of  employing  a  number  of  men  to  clean 
up  the  coal-dust  and  distribute  the  stone-dust  every  night,  the 
writer  suggests  that  the  inert  dust  should,  in  the  first  place,  be 
stored  at  the  surface  in  such  a  way  that  it  would  be  subjected  to 
the  suction  of  the  downcast  shaft.  Secondly,  that  another  store 
of  inert  dust  should  be  taken  nightly  to  the  haulage  landing  of 
every  district.  During  working  hours  the  landing-lad  could  do 
all  the  rest  if  provided  with  a  number  of  shallow  trays  made 
of  galvanized  sheet-iron,  and  fitting  the  tops  of  the  full  tubs. 
In  each  of  these  trays  he  would  place  a  few  handfuls  of  the 
inert  dust.  These  light  trays,  fitted  on  the  tub-tops,  would  prac- 
tically transform  the  present  open  tub  into  a  closed  tub.  The 
tray  alone  would  prevent  the  coal-dust  from  being  removed  from 
i  lie  tubs  by  the  air-current,  whilst  the  inert  dust  reposing  in 
the  tray  would  be  shaken  up  as  it  travelled,  and  be  carried  away 
and  deposited  by  the  incoming  intake  current  of  air.  These 
liuht  trays  would  obviate  the  cleaning-up  of  the  haulage-Mays 
each  night,  since  the  deposition  of  coal-dust  would  be  prevented  ; 
a tnl.   on    the  other    hand,  the  roads   would  be   efficientlv  stone- 
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dusted  by  the  automatic  action  of  the  air-current,  a  mode  of 
distribution  which,  as  has  been  learnt  from  painful  experience, 
is  the  most  efficient  that  can  possibly  be  devised.  Hitherto, 
however,  this  mode  of  distribution  has  been  monopolized  by  the 
coal-dust,  but  it  should  henceforth  be  practically  commandeered 
for  the  distribution  of  the  remedial  and  inert  dust  to  the  roof, 
sides,  floors,  and  timbers  of  the  main  haulage-roads. 

This  seems  the  logical  conclusion  to  the  study  of  the  natural 
philosophy  of  the  distribution  of  dust,  whether  that  dust  lie 
formed  from  coal,  from  stone,  or  from  flue-refuse.  Such  a 
method  of  distribution  would  have  the  three-fold  effect  of  practic- 
ally preventing  the  deposition  of  coal-dust  on  the  main  haulage- 
way,  covering  its  whole  "  rubbing  surface  "  with  fine  inert  dust, 
and  keeping  the  coals  clean  at  the  same  time.  There  is  no  reason, 
provided  the  buoyancy  of  the  inert  dust  be  sufficiently  marked. 
why  the  stone-dust  treatment,  conducted  on  such  lines,  should  not 
penetrate  into  every  obscure  hole  and  corner  which  has  hitherto 
been  accessible  only  to  coal-dust. 

When  such  a  course  of  treatment  has  been  in  operation  for 
some  time,  expensive  stone-crushing  plants  might  possibly  be 
dispensed  with.  Much  manual  labour  now  employed  in  distri- 
buting stone-dust  at  nights  might  be  more  profitably  placed, 
and  the  mine  would  eventually  be  so  adequately  stone-dusted 
that  its  efficiency  in  this  respect  might  conceivably  be  main- 
tained by  simply  utilizing  the  drilling-dust  made  by  the 
stonemen.  This  suggestion  is  not  altogether  humorous,  because, 
in  the  first  place,  the  haulage-ways  would  eventually  become  so 
efficiently  stone-dusted  that  the  treatment  might  be  entirely 
suspended  for  long  periods,  only  the  empty  trays  being  used  to 
prevent  the  escape  of  coal-dust;  while  an  easy  calculation  will 
show  that  at  many  collieries,  working  thin  seams,  and  producing 
large  outputs,  the  weight  of  the  stone-drillings  produced  per 
annum  cannot  be  less  than  several  hundred  tons. 

The  writer  believes  that  the  method  outlined  in  this  paper  is 
a  practicable  one,  and  if  practicable,  it  would  appear  to  have  a 
potential  efficiency  such  as  no  other  method  can  ever  hope  to 
equal. 

With  regard  to  the  question  of  expense,  it  does  not  appear  to 
be  difficult  of  solution,  because,  in  the  first  place,  the  adoption  of 
the  method  would  do  away  with  the  cost  of  present  methods, 
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although  substituting  a  smaller  cost  in  its  stead;  and,  secondly, 
it  seems  to  be  no  more  unreasonable  to  ask  the  management  to 
cover  the  full  tubs  before  they  come  out-bye  than  it  is  to  ask  the 
railway  companies  to  place  their  tarpaulins  over  trucks  of  perish- 
able goods.  Tarpaulins,  in  fact,  would  answer  the  same  pur- 
pose, but,  in  the  writer's  opinion,  the  sheet-iron  trays  would  be 
more  convenient  and  more  serviceable.  Such  a  tray  could  be 
thrown  on  to  a  tub-top  in  a  second,  and  would  be  made  to  fit 
the  top  of  the  tub  much  after  the  same  manner  as  the  lids  are 
made  to  fit  the  tops  of  those  canisters  in  which  tinned  provisions 
are  commonly  retailed. 

One  method  that  might  be  adopted  has  been  outlined,  but 
the  system  possesses  great  elasticity.  It  will  here  be  sufficient 
to  describe  another  method  which  differs  slightly  from  that 
just   sketched  out. 

In  the  first  place,  it  is  here  suggested  that  the  screens  have 
probably  been  blamed  far  more  than  they  deserve.  It  appears  to 
the  writer  that  the  coal-dust  carried  in  the  downcast  air-current 
is  obtained  principally  from  the  load  within  the  cage,  and  in  a 
less  degree  from  the  screens.  Although  the  cage  is  always 
roofed,  any  one  who  has  happened  to  "  ride  "  in  the  shaft  when 
the  winding  engineman  has  permitted  the  cage  to  travel  for  a 
few  moments  at  "  coal  work,"  will  be  fully  aware  that  a  strong 
blast  of  air  is  propelled  through  the  passages  of  the  cage  in  such 
circumstances.  When  the  cages  are  travelling  in  the  shaft  at 
an  average  speed  of  30  or  40  feet  per  second,  and  in  some  in- 
stances reaching  a  maximum  speed  of  from  60  to  80  feet  per 
second,  whatever  dust  remains  on  the  tub-tops  must  be  swept  off 
into  the  shaft  and  carried  downwards  by  the  current,  which  in 
the  shaft  generally  travels  at  high  velocity,  and  in  the  opposite 
direction  to  the  loaded  cage ;  hence  the  force  of  the  downgoing 
current  on  the  upgoing  tubs  is  equal  to  that  developed  by  the 
air-velocity  and  the  cage-speed  combined. 

Bearing  this  state  of  affairs  m  mind,  the  writer  submits  that, 
in  many  cases,  ;i  better  plan  would  be  to  leave  the  trays  of  stone- 
dust  on  the  full  tubs  at  the  bottom  of  the  shaft,  and  let  them  re- 
main there  until  the  tubs  are  banked.  They  would  be  sent  down 
loaded  on  the  tops  of  the  empties.  It  appears  quite  probable 
that  if  this  method  were  adopted,  the  downgoing  current  would 
sweep  the  stone-dust  off  the  ascending  trays   in  precisely   the 
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same  manner  as  it  now  sweeps  the  coal-dust  from  the  ascending 
tubs,  not  only  within  the  shaft  proper,  but  in  greater  degree, 
as  all  mining  men  have  experienced,  at  that  point  where  the 
cage  reaches  the  normal  surface  and  where  the  air  of  the  atmo- 
sphere is  sucked  into  the  downcast  shaft.  The  writer  has  known 
of  more  than  one  colliery  where  at  this  particular  point  it  was 
necessary  for  every  man  in*  the  cage,  whether  ascending  or 
descending,  to  hold  his  cap  fast  unless  he  wished  it  to  be  swept 
away  by  the  inrushing  current. 

If  it  be  true,  as  suggested,  that  the  current  entering  and 
traversing  the  downcast  takes  most  of  its  dust  from  the  top  of 
the  tubs  and  least  from  the  screens,  it  follows  that  the  shunts  or 
drifts  suggested  in  the  previous  arrangement  need  not  be  made, 
because  sufficient  inert  dust  will  be  obtained  in  the  downcast 
current  from  the  trays  of  stone-dust  resting  on  the  tub-tops. 

Further,  it  is  by  no  means  an  indispensable  part  of  the 
arrangement  that  stone-dust  in  bulk  should  be  taken  into  the 
landings  at  all.  The  trays  could  be  filled  from  a  hopper  contain- 
ing flue-dust  and  placed  just  above  the  landing-stage,  so  that 
each  tray  after  being  placed  on  the  top  of  its  empty  tub  could  be 
replenished  with  the  inert  dust,  of  which,  of  course,  it  would 
only  be  necessary  to  place  one  or  two  handfuls  on  each  tray.  The 
empties  covered  in  this  way  would  descend  the  pit,  and  the  trays 
would  not  be  removed  until  the  tubs  reached  the  landings,  or 
even  the  flats,  as  the  manager  might  decide.  At  the  flat  or  land- 
ing, the  tray,  still  containing  some  of  the  inert  dust  placed  upon 
it  at  the  surface,  would  be  transferred  from  the  empty  to  the 
loaded  tub  and  sent  out-bye  on  the  train.  By  this  method  stone- 
dust  (or  inert  dust  of  a  lighter  kind)  would  be  constantly  distri- 
buted in  the  downcast  shaft  and  along  the  main  haulage-roads 
by  means  of  the  air-current  alone.  The  proper  quantity  of  dust 
to  be  placed  on  each  tray  at  the  surface  would  be  decided  by 
experiment.  Data  to  enable  one  to  come  to  such  a  decision 
would,  of  course,  be  available  within  a  few  hours,  or  at  most 
within  a  few  days,  of  the  initiation  of  the  system. 

The  construction  of  such  a  tray  is  very  simple.  It  must  be 
remembered  that  it  would  have  to  be  easily  portable.  To  make  one 
for  a  tub  measuring  internally,  say,  42  inches  in  length  by  36 
inches  in  width,  would  require  a  piece  of  galvanized  sheet-iron 
or,  better  still,  of  very  mild  steel—"  steel,"  because,  strength  for 
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strength,  it  is  lighter  than  iron  and  also  rather  stiffer,  but  "  very 
mild,"  because  this  kind  of  steel  would  be  most  easily  workable 
by  the  colliery  blacksmith.        To  make  a  tray  for  the  size  of 
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Fig.  1. — Plan  of  Light  Cover  for  Coal-tub. 

tub  indicated  (the  depth  of  the  tub  is  of  no  consequence  in  this 
connexion),  a  sheet  of  mild  steel  47  inches  long  by  38  wide 
would  be  required,  that  is  to  say,  a  sheet  5  inches  longer  than 
the  internal   length   of  the  tub  and   2   inches  wider  than   the 


n 


Fig.  2.— Section  of  Cover  along  Line  AB  or  CD  of  Fig.  1. 

internal  width.  As  the  tray  has  practically  no  work  to  do,  its 
thickness  need  not  exceed  ^V  inch,  and  probably  it  would  be 
found   that  a  lesser  thickness   would   be   ample.        Erom   each 

■  I 

Fig.  3.— Section  of  Cover  across  Width. 

coiner  of  this  sheet  a  strip  1  inch  wide  and  2|-  inches  long- 
would  be  cut,  and,  if  endless-rope  haulage  (over-rope)  be 
employed,  another  piece  would  be  cut  from  the  middle  of  each 
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cud,  in  order  that  the  slot  which  takes  the  clip  should  not  be 
obstructed.  The  sheet,  being:  cut  to  this  pattern,  would  then 
appear  as  shown  in  plan  in  Fig.  1,  in  which  the  outline  of  the 
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Fig.  4. — Plan  of  Heavier  Cover  for  Coal-tub. 

interior  horizontal  dimensions  of  the  tub  is  shown  by  dotted 
lines.  The  blacksmith  would  then  turn  over  the  ends  of  the 
length  to  form  four  hooks,  as  shown  in  Fig.  2,  which  is  a  section 
across  Fig.  1  (after  the  ends  have  been  turned  up)  taken  along 


Fig.  5. — Section  of  Cover  along  Line  AB  or.  Fig.  4. 

either  the  line  AB  or  the  line  CD.  The  construction  of  the 
tray  would  be  completed  by  finally  turning  up  the  longer  edges 
at  the  dotted  lines  shown  in  Fig.  1,  and  adding  a  pair  of  light 
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Fig.  6.  — Section  of  Cover  along  Line  CD  of  Fi<;.   4. 

handles  (not  shown  in  the  drawings).  A  section  across  the 
width  is  shown  in  Fig.  3.  Thus  made,  the  tray  would  be 
exactly  1  inch  deep,  and  would  fit  into  the  top  of  the  tub, 
being   supported    in   position    by    the  turned-over  edges  at  each 
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end.  It'  desired,  a  stiffer  tray  could  be  made  by  fixing  two  straps 
iron  (or  steel)  bearers  along  the  length,  and  by  turning  the 
benrers  (instead  of  the  tray)  over  at  each  end,  so  as  to  grip  the 
tub.  This  design  is  shown  in  Figs.  4,  5,  and  6,  and  such  a  tray 
would,  of  course,  be  very  little  heavier,  since  the  weight  of  the 
added  straps  would  be  partly  compensated  by  the  diminished 
weight  of  the  tray  proper  (compare  Figs.  2  and  4,  especially  the 
longitudinal  sections  along  lines  AB  and  CD  of  the  latter 
figure).  In  all  these  sketches,  the  thickness  is  much  exag- 
gerated, in  order  to  obtain  clearness  of  definition.  In  reality, 
a  ton  of  iron  will  yield  a  hundred  trays  of  the  size  stated. 

The  deposition  of  coal-dust  would  be  practically  abolished 
by  the  use  of  the  empty  trays  alone,  and  whatever  dust  was 
actually  deposited  would  be  the  inert  dust  blown  from  the  loaded 
trays.  There  is  no  reason  why  the  use  of  these  trays  should  not 
extend  from  the  surface  right  up  to  the  putters'  flats.  It  will 
probably  be  found  that,  in.  some  few  cases,  if  the  trays  receive 
their  contents  on  the  surface,  the  suction  of  the  intake  current  at 
the  top  of  the  downcast  shaft  may  be  powerful  enough  to  sweep  off 
the  whole  contents  at  one  swoop.  In  that  circumstance,  the 
better  method  is  that  first  described,  namely,  to  take  the  inert 
dust  to  the  landings  and  replenish  the  trays  at  those  points.  In 
the  majority  of  cases,  however,  the  second  is  the  handier  and 
more  economical  method — that  is,  to  replenish  the  trays  at  the 
surface  by  means  of  a  hopper  placed  at  any  suitable  point  on  the 
beapstead  and  above  the  tracks  laid  for  the  empties. 

In  conclusion,  it  is  obvious  that  coal-dust  may  be  rendered 
harmless  by  efficient  watering,  or  by  efficient  stone-dusting,  on 
whatever  lines  conducted  ;  the  great  trouble  hitherto,  however,  as 
all  practical  men  know,  has  been  to  find  any  such  methods  of 
efficiency.  Experience  clearly  teaches  that  no  application  of 
watei .  nor  any  distribution  of  stone-dust,  practicable  by  artificial 
means,  can  ever  be  so  efficient  as  the  coal-dust  distribution  which 
the  air-current  effects  by  natural  means  alone. 

A.s  a  distributer  of  fine  coal-dust,  the  air-current  is  entirely 
automatic  in  its  action,  and  has  demonstrated  itself  to  be  abso- 
lutely unparalleled  in  its  efficiency.  The  object  of  this  paper. 
therefore,  is  merely  to  remind  members  of  the  happy  fact  that 
the  same  incomparable  aerodynamic  power  is  equally  available 
for  the  distribution  of  ilie  fine  remedial  stone-dust. 


DIM  I   --skin — AUTOMATIC    DISTRIBUTION    OF    STONE-DUST.       H5 

Coal-dust  at  the  face  of  work  is  comparatively  innocuous. 
The  more  serious  part  of  the  problem  is  that  which  relates  to 
the  distribution  of  fine  coal-dust  along  the  main  haulage-roads, 
and  in  this  connexion  it  must  not  he  forgotten  that  it  is  the  air- 
current,  and  the  air-^current  alone,  that  has  created  this  peril, 
and  has  set  the  urgent  problem  of  its  removal.  This  very  fact, 
however,  furnishes  the  strongest  presumptive  evidence  that  the 
air-current  is  likewise  able  to  solve  the  problem,  and  to  for  ever 
extinguish  the  peril  which  it  alone  has  created. 


Dr.  Johx  Harger  (Liverpool  University)  wrote  that  he  was 
pleased  that  someone  had  come  forward  and  publicly  advocated 
the  floating  of  the  stone-dust  in  the  air  of  the  ventilating  current, 
so  that  it  would  be  carried  and  deposited  in  a  way  exactly  similar 
to  the  coal-dust.  He  himself  had  long  advocated  such  a  method, 
and  had  stated  that — 

"To  put  coarse  stone-dust  on  the  sides,  etc.,  and  allow  it  to  become 
covered  with  pure  coal-dust  (as  often  happens)  is  a  quite  useless  proceeding ; 
with  the  help  of  the  overlying  coal-dust  an  explosion  would  be  past  before  the 
stone-dust  was  thrown  into  the  air.  An  ounce  of  fine  stone-dust  floating  in 
the  air  of  an  intake  haulage- road  is  of  more  use  in  stopping  an  explosion  than 
a  hundredweight  of  coarse  dust  on  the  floor  and  sides."* 

Mr.  Halbaum  not  only  advocated  the  floating  of  the  stone-dust 
in  the  air  of  the  ventilating  current,  but  had  introduced  methods 
by  which  the  coal-dust  was  prevented  from  being  blown  from  the 
tubs;  if  his  scheme  was  practicable,  and  was  adopted,  it  would 
be  a  great  advance  towards  rendering  mines  safer. 

He  (Dr.  Harger)  had  recently  recommended  that,  in  order  to 
prevent  the  air  in  hot  mines  from  becoming  moist,  the  coal  should 
be  loaded  up  at  the  face  as  quickly  as  possible,  and  the  tubs 
provided  with  covers.  A  strong  tarpaulin  secured  at  one  end  of 
the  tub  would  not  interfere  with  the  loading  or  tipping,  and  would 
undoubtedly  help  to  keep  the  air  dry,  as  well  as  prevent  the  dust 
in  the  tubs  from  being-  blown  out. 

There  was  one  point  concerning  which  Mr.  Halbaum  was 
wrong :  he  had  stated  that  the  most  dangerous  dust  was  that 
found  on  the  haulage-roads.  This  was  in  itself  not  so:  his 
(Dr.  Harger's)  experience,  which  only  confirmed  the  observations 
of  earlier  workers,  was  that  the  most  dangerous  dust  was  found 

*Coal,  and  the  Prevention  of  Explosion*  ami  fires  in  Mines,  by  John 
Harger,  1913,  page  130. 
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at  or  near  the  working-faces.  It  was  true  that  eoal-dust  ignitions 
at  or  near  the  face  were  rare,  and,  from  the  evidence  available. 
one  might  say  that,  in  the  absence  of  gas,  not  a  single  ignition 
bad  been  known  to  originate  in  such  a  position,  despite  the 
fact  that  over  50,000,000  shots  were  fired  every  year  in  the 
working-fares  of  the  mines  of  Great  Britain.  The  reason  for 
this  was  that,  in  order  to  get  a  coal-dust  explosion  in  the  absence 
of  firedamp,  several  conditions  were  necessary.  There  must  (1) 
be  present  sufficient  dust  of  an  inflammable  nature  :  (2)  the  dust 
must  be  deposited  in  such  a  way  that  a  very  sudden  reversal  of 
the  air-current  would  at  once  raise  it  into  the  air ;  (3)  there  must 
be  a  rapid  air-current ;  (4)  there  must  be  a  large  flame  or  an 
electric  flash  preceded  by  a  blown-out  shot  or  a  firedamp  igni- 
tion; and  (5)  the  air  must  be  sufficiently  pure,  and  contain  from 
20  to  20'9  per  cent,  of  oxygen.  At  or  near  the  coal-face  the 
second,  third,  and  fifth  conditions  together  were  always  lacking, 
although  the  first  and  fourth  were  frequently  present :  but  all 
the  five  conditions  must  be  present  together  to  render  a  coal-dust 
explosion  certain,  and  therefore  such  an  explosion  could  occur 
only  in  the  intake  haulage-ways.  He  thought  that  Mr. 
Halbaum's  scheme  would  ensure  a  continuous  supply  of  stone- 
dust  even  at  the  working-faces,  and  so  render  the  coal-dust  there 
harmless;  the  truth  of  this  assumption,  however,  must  necessarily 
be  proved  by  trials,  and,  if  necessary,  the  scheme  altered  until 
that  result  was  arrived  at. 

Mr.  John  Moeison  (Newcastle-upon-Tyne)  wrote  that  Mr. 
Halbaum's  proposal  was  rather  a  suggestion  for  an  entirely  closed 
tub  than  a  practical  means  of  stone-dusting.  It  seemed  obvious 
that  in  whatever  manner  stone-dusting  was  carried  out,  the  dust 
would  be  ineffective  for  its  purpose  unless  it  was  carried  in  the 
air-current  and  so  distributed.  This  result  would  be  attained, 
even  if  the  dust  were  shovelled  into  the  roads  in  the  crudest 
possible  manner,  provided  that  it  was  of  the  requisite  fineness 
and  sDecific  gravity. 

Thi-  requirements  as  to  the  dust  were  (a)  that  it  should  be 
ground  very  fine,  and  (b)  that  it  should  be  as  nearly  as  possible 
of  the  same  specific  gravity  as  coal-dust.  It  was  difficult,  if  these 
requirement  existed,  to  imagine  how  the  suggestion  of  placing 
trays  upon  the  tub-tops  would  be  effective  in  practice.  If  the 
trays  were  filled  with  dust  at  the  top  of  the  shaft,  it  appeared 
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probable  that  no  matter  what  quantity  of  dual  was  put  upon  them, 
it  would  be  blown  off  before  the  cage  reached  the  bottom;  and, 
if  they  were  filled  with  dust  in-bye  for  the  outward  journey,  the 
distribution  of  the  dust  would  be  confined  to  a  comparatively 
short  section  of  road  next  to  the  landing'. 

Tt  was  probably  true  that  the  protection  of  the  cover  would 
prevent  to  a  large  extent  the  escape  of  coal-dust,  both  on  the 
journey  and  in  the  shaft ;  but  the  same  purpose  would  be  more 
simply  effected  by  spraying  the  full  tubs  at  certain  points  with 
water-jets  suitably  arranged  and   automatically  operated. 

One  point  in  the  paper  was  conspicuous  by  its  absence,  as  no 
reference  had  been  made  to  the  care  that  was  necessary  in  select- 
ing the  dust,  in  order  to  secure  its  freedom  from  any  tendency 
to  prove  harmful  when  breathed.  Experience  had  demonstrated 
the  terrible  possibilities  attending  the  inhalation  of  dusts  of 
certain  classes.  The  author's  reference  to  the  use  of  drillings  as 
dust  carried  with  it  a  suggestion  that  the  nature  of  the  dust  used 
was  unimportant. 

Mr.  A.  Duet  Mitton  (Durham)  wrote  that  he  quite  agreed 
with  Mr.  Halbaum  that  coal-dust  largely  came  from  the  full  tubs 
whilst  travelling  through  the  air-current  at  a  rapid  rate ;  but  he 
was  doubtful  whether  any  practical  result  would  follow  from 
covering  the  tops  of  the  tubs.  Such  a  practice  might  possibly 
be  carried  out  to  some  extent  in  Durham  and  Northumberland, 
where  main-and-tail-rope  haulage  was  used;  but,  even  then,  the 
difficulties  of  ensuring  regularity  in  placing  the  cover  and  stone- 
dust  were  great :  when  a  pit  with  a  large  output  was  working, 
there  was  little  time  at  the  landings  to  do  more  than  couple  up 
the  set.  Again,  with  endless-rope  haulage  the  speed  of  the  tubs 
would  never  move  the  dust  off  the  tops  of  the  trays;  and  in 
Lancashire,  where  that  haulage  was  largely  employed,  owing 
to  the  heavy  dips,  it  would  be  found  impossible  to  work  such  a 
system.  In  Derbyshire,  Nottinghamshire,  and  South  Wales 
also,  open  trams  were  largely  used  for  the  conveyance  of  the 
coal,  a  practice  which  was  peculiar  and  distinctive  to  those  coal- 
fields, where  it  was  not  expedient  to  used  closed  tubs. 

He  much  preferred  the  spraying  with  water  of  the  full  and 
empty  tubs  on  leaving  the  landing  and  before  descending  the 
mine,  the  brushing  of  timbers  and  sides,  and  the  cleam'ng-up  of 
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the  roads,  all  of  which  practices  were  being-  carried  out  suc- 
cessfully ;it  some  collieries.  He  had  recently  tested  at  certain 
collieries  the  dust  on  the  timbers  on  the  haulage-roads  after 
brushing,  and  had  found  it  reduced  to  an  infinitesimal  quantity. 
Many  of  the  screens  erected  previous  to  the  Coal  Mines  Act  of 
1911  could,  by  boarding  off  and  the  adoption  of  a  system  of 
watering,  lie  so  arranged  as  to  prevent  the  coal-dust  from  spread- 
ing and  being  carried  down  the  downcast  shaft. 

During  the  last  few  years  some  disastrous  explosions  had 
taken  place,  and  the  worst  of  all  (Senghenydd)  was  being 
enquired  into  at  the  present  moment :  no  opinion  ought  therefore 
to  be  expressed  as  to  the  cause;  but,  after  reading  the  reports  of 
some  of  the  explosions,  he  thought  there  were  elements  in  the 
management  which  provided  mining  engineers  with  much  ground 
for  reflection  and  study,  in  order  that  explosions  might  become, 
if  not  obsolete,  at  any  rate  of  considerable  less  frequency  and 
danger. 

Mr.  T.  A.  Southern  (Cardiff)  wrote  that,  in  his  opinion,  Mr. 
Halbaum  had  hit  upon  a  happy  solution  of  the  question  as  to  the 
best  method  of  applying  stone-dust.  It  seemed  incontestable 
thai  there  could  not  be  any  more  effective  distributors  of  stone- 
dust  than  the  air-currents  which  were  now  the  distributors  of 
coal-dust.  He  thought,  however,  from  what  he  had  seen  at 
Altofts  Colliery,  and  of  the  pioneer  work  carried  out  so  thor- 
oughly there  by  Sir  AVilliam  Garforth,  that  the  timbering,  roof, 
and  sides  of  all  the  roadways  should  have  a  preliminary  copious 
smearing  of  stone-dust,  so  as  to  dislodge  and  displace  the  existing 
a  ecu  in  illations  of  coal-dust,  and  to  fill  up  the  chinks  and  ledges 
of  all  rough  and  jagged  surfaces.  The  preliminary  smearing 
could  best  be  done  by  hand,  the  workman  progressing  against  the 
wind,  namely,  in-byewards  in  the  returns  and  out-byewards  in 
the  intakes.  It  should  be  done  directly  after  watering  the  floor 
and  with  the  air-current  temporarily  reduced  to,  say,  a  half  or 
less  of  its  normal  velocity,  and  should,  of  course,  be  done  between 
.-hit is.  The  dislodged  coal-dust  which  had  floated  in  the  air- 
currenl  of  normal  velocity  and  had  been  thereby  deposited  on  the 
timbers,  roof,  ami  sides,  would  settle  on  the  floor  more  readily  as  ;i 
result  of  the  velocity  being  temporarily  reduced;  on  alighting,  it 
would  be  arrested  by  the  floor  being  wet,  as  well  as  by  the  stone- 


DISCUSSION AUTOMATIC    DISTRIBUTION   OF    STONE-DUST.       149 

dust  which  would  be  strewn  there  freely  us  a  part  of  the  prelimin- 
ary smearing.        He  (Mr.   Southern)   regarded  this  preliminary 
smearing  as  an  essential  first   step  for  all  roads  already  thickly 
coated  with  coal-dust  on  the  timbers,  roof,  and  sides;   and  if  the 
smearing  were   followed  up,  in  alh  the  main  haulage-roads,  by 
Mr.  Halbaum's  daily  "  iir-current  distribution  "  of  stone-dust,  it 
would  never  need  to  be  done  again,  because  all  the  re-timbered 
portions  and  new  surfaces  of  the  old  haulage-roads  would  receive 
a  gradual  coating  of  stone-dust  day  by  day  from  the  commence- 
ment of  their  existence.     When,   however,   the   main  haulage- 
roads  were  extended  from  time  to  time,  the  additional  lengths 
between  the  old  and  new  positions  of  the  "flat"  or  "landing," 
as  the  case  might  be.  namely,  beyond  or  in-bye  of  the  point  to 
which  the  trays  had  previously  been  used,   would  require  this 
preliminary  smearing  if  they  had  become  coated  with  coal-dust. 
He  thought  that  it  would  not  be  difficult  to  determine,  from  a 
little  experience,  the  best  kind  and  the  best  degree  of  fineness  of 
stone-dust ;    so  long  as  it  was  light  enough  to  be  raised  by  any 
mild  incipient  explosion  of  firedamp  or  blown-out  or  over-charged 
shot,  he  did  not  think  it  essential  for  the  stone-dust  to  be  as 
buoyant  as  the  finest  coal-dust  in  that  particular  seam.     He  hoped 
that  it  would  not  be  essential,  because,  so  far  as  his  experience 
extended,  the  finest  coal-dust  in  the  steam-coal  seams  of  South 
Wales  was  very  much  finer  than  the  coal-dust  in  the  dry  and 
dusty  mines  of  the  Midlands  and  the  North  of  England,   and 
stone-dust  of  equal  buoyancy  would  be  liable  to  prove  a  source  of 
discomfort  and  possibly  injurious  to  health. 

With  the  exercise  of  due  care  in  selecting  the  kind  of  stone- 
dust,  miners  might  feel  assured  that  its  use  would  not  be 
unhealthy  nor  in  any  way  objectionable ;  but  it  was  only  reason- 
able, having  regard  to  the  great  mortality  from  phthisis  due  to 
siliceous  drillings-dust,  especially  in  Cornwall  and  the  Transvaal, 
for  them  to  fear  that  stone-dust,  whilst  preventing  explosions, 
might  substitute  a  danger  still  more  insidious  and  deadly.  It 
would,  therefore,  be  of  the  utmost  importance  to  exercise  the 
greatest  possible  care  in  selecting  the  best  kind  of  stone-dust,  in 
order  to  avoid  creating  prejudice  against  a  system  which  he 
thought  would  be  wholly  beneficial  if  scientifically  applied.  For 
that  reason  he  did  not  quite  agree  with  Mr.  Halbaum's  suggestion 
that  drillings-dust  might  be  used;  it  would  seldom  be  the  best 
kind  of  stone-dust  for  the  purpose. 
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It  was  unfortunate  that,  after  all  their  experiments  with 
stone-dust,  the  Explosions  in  Mines  Committee  had  not  yet,  in 
their  Fifth  Report,  been  able  to  give  colliery  managers  some  more 
definite  guidance  as  to  the  lines  along  which  they  might  most  use- 
fully, and  with  the  least  trouble  and  expense,  make  the  experi- 
ments that  the  committee  had  asked  them  to  make,  in  regard  to 
the  quality  and  fineness  of  the  stone-dust  to  be  used,  and  approxi- 
mately the  quantity  likely  to  be  required  for  the  first  application, 
per  100  yards  of  road  of  a  given  size  and  character.  It  was  also 
regrettable  that  the  Home  Office  were  conducting  their  experi- 
ments at  so  remote  a  locality  as  Eskmeals.  It  would  have  been 
most  instructive  for  those  engaged  in  mining  to  witness  the 
experiments,  as  they  had  been  able  to  do  at  Altofts,  and  he  would 
like  to  know  the  true  reason  for  choosing  the  other  place.  He 
quite  understood  the  excellent  reasons  for  removing  the  experi- 
mental station  from  Altofts,  but  he  thought  that  the  Home  Office 
would  easily  have  found  a  suitable  site  in  Yorkshire,  sufficiently 
remote  from  dwellings  and  public  highways,  and  yet  central  and 
easy  of  access  by  rail  from  all  the  great  coal-fields. 

Mr.  Leonard  11.  Fletcher  (Atherton)  wrote  that  Mr. 
Halbaum  had  called  attention  to  points  of  vital  importance  in 
regard  to  stone-dusting.  In  his  (Mr.  Fletcher's)  opinion,  the 
author  was  absolutely  right  in  advocating  the  use  of  the  finest 
possible  stone-dust,  and  his  conclusion  that  colliery  managers 
could  not  do  better  than  imitate  Nature's  method  of  distribution 
was  indisputable.  His  suggestion  of  a  tray-lid  for  tubs  on 
haulage-roads,  to  be  used  for  the  double  purpose  of  covering  the 
tub  and  holding  a  supply  of  stone-dust,  was  novel,  but  certainly 
worthy  of  consideration.  If  practicable,  it  would  be  a  big  step  in 
the  right  direction.  The  chief  objections  to  this  suggestion 
would  seem  to  be  the  difficulty  of  fitting  such  lids  to  damaged 
iron  tubs,  and  the  limitation  of  the  output  of  coal  by  probably 
1  cwt.  to  every  tub. 

Mr.  E.  0.  Simcock  (Hanley,  Staffordshire)  wrote  that  the 
preamble  to  Mr.  Halbaum's  paper  was  a  lucid  explanation  of  the 
natural  philosophy  of  the  distribution  of  coal-dust,  and  those 
who  had  practical  knowledge  would  find  very  little  cause  to  dissent 
i herefrom.  Mr.  Halbaum,  however,  was  unfortunate  in  the  con- 
el  udiiig  portion  of  his  paper,  wherein  he  made  certain  suggestions 
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for  combating  the  danger  of  coal-dust.  Stated  concisely,  his  sug- 
gestions were  that  every  tub  should  have  a  dished  cover,  or  tray, 
for  use  in  helping  to  distribute  the  stone-dust  throughout  the 
mine  during  working-  hours. 

The  question  of  the  efficiency  or  otherwise  of  the  proposed 
palliative  did  not  arise,  and,  so  far  as  he  (Mr.  Simcock)  was 
concerned,  its  efficiency  would  be  assumed.  It  then  became  a 
question  whether  the  advantages  of  this  method  of  distribution 
outweighed  its  disadvantages,  and  whether  it  was  better  than  any 
other  method  which  might  be  suggested.  The  present  method  of 
distribution  where  this  assumed  palliative  was  adopted  was  by 
hand,  and  that  method  could  not  ensure  that  even  distribution 
that  a  mechanical  one  would  be  likely  to  give.  Whether  the 
manual  method  of  distribution  was  efficient  or  not,  experience 
would  eventually  demonstrate. 

Mr.   Halbaum  assumed  that  the  only  costs  attached  to  his 
proposed  method  would  be  the  first  costs  of  the  trays  alone,  and 
that  as  the  men  now  employed  as  distributers  would  be  displaced, 
and  the  dusting  would  be  run  in  along  with  the  other  work,  there 
would  be  a  distinct  saving  in  comparison  with  present  methods. 
Unfortunately,    however,    there    were    several    items    that    Mr. 
Halbaum  had  forgotten  to  take  into  account.       First,  as  all  the 
covers  had  to  be  taken  off  one  set  of  tubs  and  put  on  to  the  other, 
they  must  be  able  to  fit  any  or  every  tub  that  came  along.    True,  it 
would  be  quite  easy  to  ensure  that  all  the  covers  were  of  one  size 
if  they  were  stamped  out,  but  not  so  if  they  were  to  be  made  by 
hand  by  the  blacksmith.     Assuming  that  they  were  stamped  out 
to  one  size,  were  the  colliery  tubs  of  such  mathematical  precision 
that  one  could  be  sure  that  any  particular  lid  would  fit  any  par- 
ticular tub  ?    Even  if  that  were  so  when  the  tubs  and  lids  came 
from  the  makers,  how  long  would  they  remain  so  after  the  rough 
usage  to  which  both  tubs  and  covers  were  subject?  Very  few  col- 
liery tubs  retained  their  true  shape  up  to  the  time  when  they 
were  scrapped,  even  if  they  were  made  of  iron;  in  fact,  there  was 
no  assurance  that  they  would  retain  their  shape  during  their  first 
working  day !     Keeping  these  facts  in  view,  it  was  to  be  feared 
that  it  would  take  more  than  the  second  of  time  mentioned  by 
Mr.  Halbaum  to  change  the  covers  from  one  set  of  tubs  to  the 
other,  for  they  would  have  first  to  be  taken  off  the  empties,  and 
then  there  would  be  a  search  to  find  the  full  tubs  which  they  would 
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fit.  This  operation  would  take  some  time,  and  he  feared  that 
before  it  was  carried  out  the  load  or  loads  ought  to  be  well  on 
their  way  to  the  shaft.  Further,  in  high-speed  haulage  every 
cover  would  have  to  be  securely  fastened,  otherwise  the  covers 
themselves  would  be  well  distributed  along  the  haulage-roads, 
with  results  upon  which  he  would  not  trouble  to  enlarge.  All 
this  meant  time,  or  its  equivalent  cost,  either  through  delay 
or  owing  to  the  necessity  for  more  labour  to  prevent  delay. 

Another  item  of  cost  which  Mr.  Halbaum  had  not  taken  into 
account  was  that  due  to  the  smaller  quantity  of  coal  that  each  tub 
would  be  able  to  carry.  The  covers  were  dished,  and  the  bottom 
of  the  cover  would  be  below  the  top  of  the  tub.  In  practice  the 
coal  continually  settled  lower  into  the  tub  during  its  journey 
from  the  face  to  the  tippler,  and  to  ensure  the  best  advantage 
being  taken  of  this  fact,  the  tubs  would  have  to  be  topped  or 
pitched  above  the  level  of  the  top  when  being  loaded,  so  as  to 
allow  for  this  settlement.  Assuming  that  it  was  the  practice  to 
pitch  the  loads  2  inches  higher  than  the  top  of  a  tub  18  inches 
deep,  then,  after  these  covers  were  adopted,  no  load  must  be  filled 
higher  than  2  inches  below  the  top,  to  allow  of  the  covers  being 
put  on.  This  caused  a  direct  drop  of  a  fifth  of  the  output  at 
the  same  cost;  that  was,  a  20-per-cent  drop  of  the  gross  receipts 
with  the  gross  charges  the  same.  In  many  collieries  this  one 
item  alone  would  entail  the  difference  between  a  profit  and  loss. 

The  possibility  of  eventually  finding  the  bulk  of  the  inert 
dust  in  the  slack- wagons  under  the  screens  through  this  method  of 
distribution  would  occur  to  members  possessed  of  practical 
mining  experience. 

There  was  another  aspect  from  which  they  must  view  this 
matter.  This  was  a  dust-distributing  scheme,  to  be  carried  out 
during  the  ordinary  working  period.  The  question  of  the  specific 
nai  lire  of  the  dust  did  not  arise,  because  if  it  would  distribute  one 
kind  of  dust,  it  would  do  the  same  with  all,  if  fine  enough.  One 
advantage  claimed  was  that  it  would  distribute  the  dust  into  every 
obscure  hole  and  corner — and  amongst  those  obscure  holes  and 
corners  were  the  workers'  lungs.  He  had  gone  a  little  into  the 
physiological  question  of  the  effects  of  dust,  and  had  consulted 
several  medical  men  who  had  made  a  special  study  of  trade  dusts, 
and  he  had  been  informed  that  any  kind  of  dust  breathed  in 
excess  over  a  period  of  time  would  have  a  deleterious  effect  unless 
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it  was  soluble  in  the  system.  The  scheme  propounded  would 
result  in  a  large  amount  of  dust  floating  in  the  air  at  a 
time  when  the  full  complement  of  labour  was  in  the  mine,  and 
the  life-destroying  effects  thereby  engendered  would  very  much 
outweigh  any  problematic  safety  that  its  presence  ensured.  Com- 
paring the  advantages  and  disadvantages  of  the  scheme,  it  might 
be  said  that  the  advantage  was  a  problematic  security  from  coal- 
dust  explosions,  and  the  disadvantages  were  the  certainty  of 
great  inconvenience,  high  costs  (direct  and  indirect),  and  dan- 
gerous physiological  effects.  The  disadvantages,  to  his  mind, 
considerably  outweighed  the  advantages. 

Taking  into  consideration  the  last-mentioned  disadvantage,  it 
would  be  gathered  that  the  best  time  to  put  any  dust-spreading 
scheme  into  operation  would  be  when  the  least  number  of  persons 
were  in  the  mine.  It  ought  not  to  require  a  large  amount  of 
ingenuity  to  design  a  vehicle  that  could  eventually  spread  dusi 
or  throw  it  into  the  air  by  taking  power  from  the  axle.  Such  a 
vehicle  could  be  run  over  the  roads  after  the  coal-drawing  shifts 
were  over. 

Sir  William  E.  Garforth  (Xormanton)  wrote  that  he  wished 
to  compliment  Mr.  Halbaum  on  the  concise  way  in  which  he  had 
summarized  in  his  paper  the  information  that  had  been  gained 
from  the  experiments  with  coal-dust  and  stone-dust  during  the 
last  few  years.  He  felt  sure  that  the  members  would  give  Mr. 
Halbaum  their  best  thanks  for  bringing  forward  the  subject,  and 
for  any  useful  suggestions  which  he  might  have  made  as  to  how 
stone-dust  might  be  applied  underground  to  prevent  explo- 
sions. He  (Sir  William)  hoped  that  the  paper  would  promote 
an  interesting  discussion,  and  that  any  objections  to  stone-dust- 
ing would  be  brought  forward  on  the  principle  that  "  obstacles 
to  a  true  method  test  its  validity." 

He  agreed  with  Mr.  Halbaum  that  wherever  coal-dust  existed 
or  was  suspected  in  the  mine,  it  should  be  diluted  with  incom- 
bustible dust:  the  higher  was  the  proportion  of  incombustible 
dust  to  coal-dust,  the  greater  was  the  safety  ;  that  the  particles  of 
incombustible  dust  should  be  of  the  finest  description,  so  as  to 
present,  when  raised  as  a  cloud  in  the  air,  the  greatest  heal- 
absorbing  surface;  and  that  the  incombustible  dust  used  should 
be  as  buoyant  as  possible,  in  order  that  it  might  be  carried  above 
the  timbers  and  enter  those  crevices  or  spaces  which  it  was  must 
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difficult  1<>  reach  except  by  the  action  of  the  air-current.  He  took 
exception,  however,  to  the  other  suggestions — that  the  method  of 
distributing  stone-dust  throughout  the  mine  by  the  air-current 
could  not  be  excelled.   "  since  no  other  method  equal  thereto  is 
known."  and  to  the  system  of  placing  a  sheet-iron  tray  on  the 
top  of  each  tub,  on  which  a  quantity  of  incombustible  dust  could 
be  placed — and  at  the  same  time  he  wished  to  point  out  that  the 
coal-dust  resting  on  the  sides  of  the  roadways  and  on  the  tops 
of      timber      had      first       to      be      dislodged.         Five      years' 
underground    experience  at    Altofts    had    shown    that    the  best 
method    of    dislodging    the    accumulated    coal-dust    (often    the 
accumulation  of  years)  was  to  throw  stone-dust  by  hand  against 
the  sides  of  the  roadways  and  over  the  tops  of  the  timber.    By  this 
means  the  coal-dust  was  dislodged  and   the  stone-dust  took  its 
place:   the  coal-dust  fell  to  the  floor,   where  it  was  thoroughly 
mixed  with  an  excess  of  incombustible  dust.     A  small  proportion 
of  coal-dust  was  carried  forward  by  the  air-current,  and  was  also 
thoroughly  mixed  with  the  finest  incombustible  dust,  a  great  deal 
of  which  was  also  carried  forward  and  deposited  wherever  the  air 
could  carry  it.     The  incombustible  dust  filled  up  the  pockets, 
naturally  assumed  an  angle  of  repose  which  tended  to  prevent  the 
further  deposition  of  coal-dust,  and  at  the  same  time  acted  as  a 
reserve  should  the  coal-dust  and  incombustible  dust  be  raised  by 
an  abnormal  current  of  air. 

With  reference  to  Mr.  Halbaum's  proposal  to  close  the 
tub-tops  with  covers,  he  (Sir  William)  hesitated,  as  he  had  done 
in  the  past,  to  express  any  opinion  on  the  detailed  arrangements 
that  mining  engineers  and  colliery  managers  might  suggest  as  to 
the  best  means  of  distributing  incombustible  dust  at  their  own 
pits.  Every  pit  had  its  own  particular  methods  or  local  condi- 
tions, and  those  who  were  acquainted  with  all  the  details  were  the 
best  judges  of  the  most  suitable  and  economical  methods  to 
adopt.  As  regarded  the  mines  at  Altofts,  however,  where  the 
coal  was  loaded  higher  than  the  top  of  the  tub,  and  where  some  of 
the  coal-faces  were  more  than  3  miles  distant  from  the  wind- 
ing-shaft, the  output  of  coal,  if  Mr.  Halbaum's  method  were 
adopted,  would  be  seriously  reduced,  and  increased  expenditure 
would  be  necessary  as  compared  with  the  method  which  had  been 
already  mentioned.  Stone-dusting  by  hand  had,  during  the 
period  recorded,  caused  no  reduced  output  of  coal,  no  injury  to 
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health,  no  inconvenience  to  the  workmen  employed,  and  had  only 
cost  a  tenth  of  a  penny  per  ton  of  coal  output  when  keeping-  17 
miles  of  roadways  in  four  different  seams  efficiently  dusted.  As 
an  example  of  how  this  was  accomplished,  he  (Sir  William)  might 
mention  that  one  youth,  20  years  of  age,  earning  4s.  lid.  per 
day  (which  amount  included  the  district  percentage),  had  during 
the  past  eight  months,  besides  doing  other  work,  distributed 
490  tubs  of  stone-dust  (weighing  in  all  about  245  tons)  over  a 
length  of  6,083  yards  of  roadway.  The  work  was  done  during 
the  night-shift. 

With  regard  to  Mr.  Halbaum's  suggestion  that  "  the  stone- 
crushing  plant  should  be  in  the  near  neighbourhood  of  the 
downcast  shaft,"  he  (Sir  William)  would  like  to  state  that  about 
four  years  ago  at  Altofts  a  ball-mill,  driven  by  a  compressed-air 
engine,  was  placed  at  the  bottom  of  the  downcast  shaft  for  pul- 
verizing the  stone  (gathered  from  the  underground  roadways) 
into  the  finest  dust,  and  by  a  mechanical  arrangement  threw  this 
dust  into  the  ventilating  current.  It  was  found  that  the  heavier 
dust  settled  on  the  top  of  the  coal-tubs  and  on  the  rails  and  inter- 
fered with  the  traffic,  and  that  although  the  lighter  dust  was 
carried  for  long  distances  in-bye,  it  was  only  deposited  as  a  thin 
coating  on  the  top  of  the  coal-dust.  This  method  was  abandoned 
and  preference  given  to  the  system  of  hand-distribution.  To 
prevent  coal-dust  from  being  carried  down  the  pit,  a  collecting 
plant  was  erected  in  the  screens. 

He  hesitated  to  say  more  with  regard  to  the  paper,  as  he  had 
already  endeavoured  to  deal  with  the  main  principals  of  stone- 
dusting.  But  he  thought  that,  in  considering  the  potentialities  of 
stone-dust,  attention  should  be  drawn  to  the  power  of  incom- 
bustible dust  to  extinguish  the  flame  of  a  gaseous  explosion.  In 
this  connexion  he  suggested  that  stone-dusting  should  be  carried 
up  the  various  gateways  leading  to  the  coal-face.  If  an  explosion 
were  to  occur  at  the  face  from  an  accumulation  of  gas,  and  there 
was  a  good  supply  of  stone-dust  in  the  gateways,  .this  dust  would 
be  raised  as  a  cloud  in  the  air  by  the  concussion,  with  the  result 
that  the  flame  would  be  extinguished,  the  destructive  effects 
would  be  lessened,  and  the  volume  of  afterdamp  reduced. 

Prof.  Henry  Louis  (Armstrong  College,  Newcastle-upon- 
Tyne)  said  that  the  practical  aspect  of  the  subject  had,  he  thought, 
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been  dealt  with  already,  and  would  be  dealt  with  by  other 
speakers,  and  he  therefore  did  not  propose  to  discuss  it.  He  would 
like,  however,  to  deal  with  its  theoretical  aspect,  and  particularly 
to  say  a  word  or  two  regarding  the  mechanism  of  dust-distri- 
bution,  because,  apparently,  that  had  not  been  very  thoroughly 
considered  by  a  great  many  who  had  been  working-  on  the  subject. 
Mr.  Halbaum  began  with  six  "incontrovertible"  propositions, 
and.  like  most  "  incontrovertible  "  propositions,  every  one  of  them 
could  be  made  the  subject  of  acute  controversy.  Mr.  Halbaum 
stated,  to  begin  with,  that  stone-dust  must  be  equally  plentiful, 
whereas  Mr.  Taffanel's  experiments  had  shown  that  40  per  cent, 
was  sufficient  to  neutralize  the  effects  of  coal-dust.  He  was 
speaking  without  the  book,  but  was  certain  that  the  ratio  of 
equality  was  not  yet  settled  beyond  the  realms  of  controversy. 
Mr.  Halbaum  had  also  stated  in  his  second  proposition  that 
the  stone-dust  must  be  equally  finely  divided.  That  statement 
again  was  incorrect.  Stone-dust  must  be  more  finely  divided, 
if  it  were  to  be  capable  of  being  carried  in  air-currents  in  the 
same  way  as  coal-dust. 

In  the  third  proposition  Mr.  Halbaum  spoke  of  the  necessity 
of  stone-dust  having  an  inferior  specific  gravity.  If  that  con- 
dition was  indispensable,  then  they  need  not  worry  about  the 
matter  any  more,  for  he  (Prof.  Lonis)  was  prepared  to  say  that 
there  was  no  inert  stone-dust  which  had  a  lower  specific  gravity 
than  coal-dust. 

The  remaining  "  incontrovertible "  propositions  would  cer- 
tainly be  demurred  to  by  those  who  were  in  favour  of  the  zonal 
system  of  dusting.  He  was  not  suggesting  his  own  agreement 
with  this  system — -he  was  merely  asserting  that  those  who  were  in 
favour  of  the  zonal  system  would  not  admit  that  those  remaining 
propositions  were  incontrovertible. 

He  would  like  to  go  back  to  the  question  of  what  conditions 
had  to  be  fulfilled  to  enable  stone-dust  to  be  carried  as  freely  as. 
coal-dust  in  the  air,  or,  in  other  words,  the  rationale  of  the  dis- 
tribution of  stone-dust.  A  dust-particle  in  the  airways  of  a 
mine  was  subjected  to  two  different  impulses  :  it  was  carried  along 
horizontally  by  the  inflowing  air-current,  and  at  the  same  time 
it  was  falling  vertically  under  the  action  of  gravity.  The  position 
thai  such  a  particle  of  dust  would  ultimately  take  up  must  depend 
entirely  on  the  relations  to  each  other  of  these  two  forces.     At 
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any  given  rate  of  the  air-current,  the  ultimate  position  of  the 
particle  of  dust  depended  entirely  upon  its  rate  of  falling  ;  when  a 
particle  of  dust  was  allowed  to  fall  in  a  resisting'  medium  like 
air,  it  started  falling  as  though  in  vacuo,  and  its  speed  accelerated 
with  a  continually  diminishing  rate  of  acceleration  until  it  tended 
to  reach  a  uniform  velocity,  which  was  generally  spoken  of  as  the 
ultimate  falling  velocity  of  the  particle  in  that  medium.  Now 
that  ultimate  falling  velocity  was  important,  and  for  this  reason  : 
it  had  been  proved  abundantly  that  a  particle  which  was  under 
the  effect  of  an  upward  current  of  a  velocity  equal  to  the  ultimate 
falling  velocity  of  the  particle,  would  not  fall  at  all,  but  would 
be  kept  in  suspension.  An  air-current  travelling  through  a  mine 
never  reached  the  regime  of  uniform  flow,  as  the  limit  of  uniform 
flow  was  reached  with  a  very  low  velocity — some  few  feet  per 
minute.  They  had  therefore  in  the  air-current  of  the  mine  a 
succession  of  eddies,  and,  owing  to  the  irregularities  of  the  floor 
of  the  mine,  certain  of  those  eddies  tended  upwards,  and  there 
were  thus  produced  the  conditions  under  which  particles  would  not 
only  be  carried  under  the  joint  action  of  gravity  and  of  a  hori- 
zontal flow  of  air,  but  would  often  come  under  the  influence  of 
upward  currents.  That  accounted  for  the  particles  being  carried 
into  the  more  remote  parts  of  a  mine,  and  lifted  up  and  deposited 
upon  roofs.  The  question  had  more  than  once  been  put  to  him 
why.  if  the  ■stone-dust  was  heavier  than  air,  it  got  up  to  the 
roof,  and  the  answer  would  be  found  in  the  above  statements. 
The  whole  subject,  of  course,  wTas  a  matter  of  somewhat  complex 
physics,  which  he  did  not  intend  to  go  into  that  day,  even  if  he 
were  able  to  do  so.  One  might  accept  the  general  conclusion, 
which  had  been  practically  proved  in  the  case  of  water,  and 
would  hold  good  also  he  thought  in  the  case  of  air,  that  the 
ultimate  falling  velocities  of  small  particles  would  be  equal  if 
their  diameters  were  in  the  inverse  ratio  to  their  specific  gravities. 
Admitting,  for  the  sake  of  argument,  that  coal-dust  had  a  specific 
gravity  of  13  and  stone-dust  of  26,  the  particle  of  stone-dust  must 
have  half  the  diameter  of  the  particle  of  coal-dust,  if  it  was  to  be 
carried  as  far  as  and  distributed  by  an  air-current  in  the  same  way 
as  coal-dust,  and  this  ratio  appeared  to  be  a  point  that  had  been 
generally  overlooked  in  working  out  any  such  system  as  Mr. 
Halbaum's  which  involved  the  distribution  of  dusts.  If  it  was 
necessary  to  get  stone-dust  that  could  be  carried  as  freely  as  coal- 
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dust,  the  size  of  the  particles  must  conform  to  the  above  ratio. 
It  was  not  the  size  of  the  larger  particles  that  really  mattered ; 
what  one  had  to  consider  was  the  size  of  the  average  fine  particle 
of  coal-dust  which  was  carried  into  the  inner  workings  of  the 
mine.  If  they  calculated  that  and  got  their  stone-dust  half  that 
size,  it  did  not  matter  very  much  what  their  method  of  distribu- 
tion was :  so  long  as  they  got  the  stone-dust  and  the  coal-dust 
into  the  mine,  they  would  both  be  distributed  and  both  be  affected 
by  the  air-current  in  the  same  way,  and  unless  they  complied 
with  that  condition,  physical  laws  would  operate  to  prevent  such 
distribution. 

Mr.  Mark  Ford  (Washington)  said  that,  in  view  of  probable 
Home  Office  regulations,  any  facts  or  opinions  relating  to  stone- 
dust  were  especially  welcome  at  the  present  time.  If  those 
opinions  were  such  as  led  up  to  impracticable  proposals,  then 
care  should  be  taken  to  prevent  them  from  becoming  the  special 
mission  of  some  rank  outsider.  He  agreed  with  Mr.  Halbaum 
that  the  stone-dust  should  be  equally  as  plentiful  as  the  coal- 
dust,  and  as  finely  divided  if  possible  ;  that  it  must  be  equally 
buoyant  he  was  not  sure  was  necessary  or  possible,  as  experience 
had  shown  that  ordinary  shale-dust  of  twice  the  specific  gravity 
of  coal-dust  had  been  successful  as  a  flame-killer  in  colliery 
explosions. 

He  disagreed  entirely  with  Mr.  Halbaum  that  stone-dust 
should  be  automatically  distributed,  as  an  atmosphere  inipreg*- 
nated  with  stone-dust  would  be  most  disagreeable;  and,  even 
if  the  dust  was  free  from  siliceous  particles,  the  breathing  of 
such  a  dust-laden  atmosphere  would  be  disadvantageous  to  the 
health  of  all  persons  concerned.  Few  of  them  could  imagine 
■anything  more  uncomfortable  than  to  follow  half-a-dozen  ponies 
out-bye  on  a  dusty  road  about  4i  feet  high,  and  that  would 
represent  the  state  of  affairs  at  the  bottom  of  the  shaft  if  dust 
were  placed  in  the  air-current.  If  the  stone-dust  were  carried 
into  the  top  of  a  downcast  shaft  by  the  air-current,  this  would 
necessitate  some  contrivance  for  raising  and  regulating*  the  dust; 
most  of  it  would  fall  to  the  bottom  of  the  shaft,  and  where  this 
formed  the  water-storage,  would  cause  trouble  with  the  pumps. 
The  rest  of  the  dust  would  practically  all  be  deposited  within 
.a  short  distance  of  the  pit-bottom ;  it  would  get  into  the  bearings 
.and  working  parts  of  the  shaft-bottom  machinery,  on  tub-axles, 
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on  the  middle  of  the  way-rollers,  and  on  the  sheaves  at  curves. 
He  had  placed  stone-dust  on  the  top  of  a  tub,  and  had  run  it  up 
and  down  a  shaft  where  the  air-current  was  1,600  feet  per 
minute,  but  there  was  practically  none  blown  off.  He  was  not 
sure  that  stone-dust  could  be  distributed  from  the  tops  of  tubs, 
especially  in  endless-rope  roads,  where  the  speed  of  the  tubs  Mas 
slow  and  the  area  large.  If  the  air-current  could  keep  dust  in 
suspension,  then  the  main  roads  near  the  shaft-bottom  would 
be  entirely  free  from  dust,  owing  to  the  high  velocity.  Stone- 
dust,  flue-dust,  and  flour  were  very  similar  when  in  a  heap  :  they 
felt  sodden  to  the  touch,  and  presented  a  certain  amount  of 
resistance  to  an  air-current,  and  yet  when  thrown  into  the  air 
were  easily  floated  away.  It  was  true  that,  when  jolted  on  a 
quick-moving  tub,  stone-dust  might  be  blown  off  to  a  slight 
degree,  but  he  was  surprised  to  find  how  solidly  shale-dust  lay  on 
a  tray  such  as  that  which  had  been  suggested  by  Mr.  Halbaum. 

Mr.  Samuel  Hare  (Bishop  Auckland),  speaking  as  a  practical 
colliery  manager,  said  that  he  entirely  disagreed  with  the  writer 
of  the  paper  when  he  stated  that  the  best  way  to  distribute  stone- 
dust  was  by  the  same  method  as  that  by  which  coal-dust  was 
distributed,  and  he  thought  that  everybody  who  had  had  practical 
experience  in  connexion  with  coal-dust  and  stone-dust  would  also 
disagree  with  him.  As  had  already  been  mentioned,  when  stone- 
dust  was  sent  in-bye  by  the  method  indicated,  probably  the  whole 
lot  might  be  blown  off  in  the  early  part  of  the  journey,  and  the 
Occurrence  might  well  be  repeated  on  the  return  journey  at  the 
landing.  That  in  itself  was  sufficient  to  comdemn  the  theory  put 
forward  by  Hr.  Halbaum.  But  there  was  another  important 
point  which  had  not  been  touched  upon,  and  that  was  that  the  dis- 
tribution of  stone-dust  by  hand,  without  reference  to  any  distribu- 
tion by  machinery,  could  be  made  much  more  effective.  They  all 
knew  that  in  travelling  out-bye  a  set  of  tubs  came  into  contact 
with  the  air,  which  carried  a  certain  quantity  of  coal-dust  off  the 
tops  of  the  tubs  and  left  some  on  the  roadways,  while  the  finer 
dust  came  to  rest  on  the  sides  and  roof.  At  the  same  time,  they 
were  aware  of  this — that  behind  girders,  timbers,  and  packs,  and 
in  refuge-holes,  coal-dust  was  found,  but  in  smaller  quantities. 
Xow  the  great  advantage,  in  his  (Mr.  Hare's)  opinion,  in  stone- 
dusting  by  hand,  or  by  other  means  than  those  suggested  by  Mr. 
Halbaum,  was  that  they  were  able  to  get  the  stone-dust  into  parts 
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whither  the  coal-dust  had  not  penetrated  to  so  large  an  extent. 
with  the  result  that  the  proportion  of  stone-dust  was  much 
higher  than  if  it  were  distributed  in  the  manner  proposed  by 
Mr.  Halliauui.  lie  thought  that  Mr.  Halbaum  was  wrong-  alto- 
gether in  his  hypothesis,  and  that  the  paper  itself,  although 
interesting,  was  of  no  practical  value. 

Mr.  C.  C.  Leach  (Seghill)  thought  that  there  was  one  point 
which  had  been  overlooked,  and  that  was  the  natural  dusting 
which  the  pits  in  many  districts  received  from  the  effect  of  the 
horses  and  men  walking  along  the  roads  and  stirring  up  the  dust. 
He  did  not  think  that  he  could  agree  with  Prof.  Louis  that  the 
stone-dust  should  be  half  the  size  of  coal-dust,  because  if  the 
stone-dust  travelled  half  the  distance,  all  that  they  had  got  to  do 
was  to  apply  the  stone-dust  in  two  instalments  and  so  cover  the 
whole  of  the  area.  At  present,  at  Eskmeals,  he  believed,  the 
question  of  the  fineness  of  the  dust  was  being  tested.  In  one  place 
with  which  he  was  connected,  the  only  road  that  required  a  little 
more  •stone-dust  was  the  road  where  the  men  rode  in-bye.  In  one 
colliery  district  in  the  Midlands  no  coal-dust  explosion  had  ever 
occurred,  and  from  samples  taken  it  was  found  that  the  amount 
of  stone  in  the  coal-dust  on  the  roads  was  a  little  over  40  per  cent. 
He  did  not  think  that  it  was  at  all  necessary  to  have  the  dust 
equally  distributed,  because  in  the  case  of  an  explosion  the  dust 
was  all  mixed  up  long  before  the  flame  got  to  it. 

Mr.  William  Severs  (Beamish)  was  afraid  that  the  lids  or 
covers  suggested  by  Mr.  Halbaum  would  be  troublesome.  He 
thought  that  the  elimination  of  coal-dust  altogether,  if  it  could 
be  accomplished  in  a  practical  manner,  would  be  a  very  desirable 
achievement.  That  much  might  be  said  for  Mr.  Halbaum's  paper ; 
if  he  helped  them  to  get  rid  of  the  coal-dust  altogether,  it  would  be 
a  step  iii  the  right  direction.  At  the  same  time,  there  was  that 
condition  to  be  taken  into  consideration  which  had  been  men- 
tioned by  Mr.  Simcock.  Dr.  Haldane  had  said  that  soft  stone-dust 
was  not  likely  to  prove  injurious,  but  he  (Mr.  Severs)  could  not  tell 
them  whether  Dr.  Haldane  had  taken  into  consideration  the 
conditions  that  would  arise  from  dusting  the  whole  of  the  pit  in 
the  way  suggested  by  Mr.  Halbaum.  He  thought  that  there 
was  great  probability  that  there  would  be  so  large  a  quantity  of 
stone-dust   flying  about   in  the  air  that  the  effects  would  possibly 
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be  more  serious  than  those  of  an  actual  coal-dust  explosion. 
He  was  certain  of  this;  while  Prof.  Louis  said  that  the  diameters 
of  the  particles  of  stone-dust  and  coal-dust  ought  to  he  inversely 
as  their  specific  gravities,  he  had  tried  some  of  their  flue-dust 
(perhaps  a  little  crudely,  because  there  was  no  chemical  labora- 
tory at  the  pit)  in  canisters  of  the  same  size,  and  had  found  that 
on  filling  both  in  the  same  way  the  coal-dust  weighed  in  propor- 
tion as  30  to  29  for  the  flue-dust.  This  might  not  give  a  fairly 
accurate  representation  of  the  specific  gravities  of  the  two  dusts, 
but  it  gave  some  idea  of  their  flocculent  character;  and,  while 
coal-dust  might  be  of  less  specific  gravity,  taking  it  actually, 
as  it  was  put  into  the  tins,  the  stone-dust  or  the  flue-dust  was  the 
lighter.  There  was  no  doubt  that  if  they  used  flue-dust  of  this 
flocculent  character,  more  especially  where  main-and-tail-rope 
haulage  was  in  use,  with  the  tubs  moving  quickly,  it  would  float 
through  the  whole  of  the  galleries  of  the  mine,  especially  in  the 
intakes.  Seeing  that  flue-dust  contained  from  30  to  00  per  cent, 
of  silica,  the  possibilities  were  that  difficulties  would  be  encoun- 
tered that  would  be  more  serious  than  those  which  they  had  to 
face  at  the  present  time. 

If  they  had  to  close  the  tubs  altogether,  he  thought  that 
something  lighter  than  the  lids  suggested  would  have  to  he 
employed.  A  ton  of  iron  was  to  produce  120  lids;  that  would  be 
something  like  20  pounds  per  lid,  which  would  be  very  heavy  to 
get  hold  of  and  lift  from  one  tub  to  another,  aud  they  would  have, 
as  Mr.  Simcock  had  said,  lids  all  over  the  place. 

Mr.  J.  B.  Atkinson  (Newcastle-upon-Tyne)  said  that  he  would 
like  to  ask  Mr.  Halbaum  whether  he  was  quite  sure  that  more 
dust  came  from  the  tubs  travelling  in  the  cage  in  the  shaft  than 
from  the  screens  on  the  surface.  It  might  be  so,  but  his  impres- 
sion was  that,  where  the  screens  were  near  the  top  of  the  downcast 
shaft,  there  wTas  more  dust  from  that  source.  He  had  frequently 
made  enquiries  of  onsetters,  and  he  had  been  told  that  there  was 
more  dust  when  the  wind  was  in  a  particular  direction,  that  was 
to  say,  when  the  wind  was  blowing  the  dust  from  the  screens. 
Another  point  he  would  like  to  put  to  Mr.  Halbaum  was  that  if 
the  tubs  were  covered  in  the  way  suggested,  would  it  not  be  pos- 
sible to  prevent  coal-dust  coming  from  them  at  all,  and  then  the 
coal-dust  having  been  prevented  from  coming  from  the  tubs  and 
from  the  screens,  would  there  be  any  necessity  to  apply  stone- 
dust  ? 
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Mi.  Halbaum  replied  that  lie  agreed  with  Mr.  Atkinson  as 
to  the  second  point  raised,  and  that  might  be  the  wisest  course  to 
pursue  t<>  prevent  the  coal-dust  in  the  first  instance,  rather  than 
first  of  all  allow  the  ooal-dnst  to  accumulate  and  then  add  the 
stone-dust. 

Prof.  P.  Phillips  Bedsox  (Armstrong  College,  Xewcastle- 
upon-Tyne)  said  that  he  had  read  the  paper  with  great  interest, 
but  it  was  not  exactly  in  his  line  to  form  any  opinion  as  to  the 
practicability  of  the  methods  suggested  of  applying  stone-dust 
as  ;i  preventive  of  explosions  produced  by  coal-dust.  There  was, 
however,  another  side  of  the  question.  It  seemed  to  him  that  in 
all  the.se  discussions  they  talked  about  stone-dust  much  as  they 
spoke  about  coal-dust.  But  if  there  were  a  great  variety  of 
coal-dusts,  there  was  a  greater  variety  of  stone-dusts.  In  all  the 
discussions  on  stone-dust,  and  on  the  use  of  stone-dust,  the  com- 
position of  the  stone-dust  seemed  to  be  put  into  the  background 
altogether.  Its  physical  condition  was  considered,  but  its  com- 
position was  never  mentioned,  or  but  little  dealt  with.  The  only 
occasion  on  which  he  had  heard  it  mentioned  was  when  Prof. 
Louis  suggested  that  a  certain  variety  of  stone-dust — gypsum — 
might  be  used  instead  of  flue-dust.  Since  that  suggestion  was 
made,  he  (Prof.  Bedson)  had  had  some  experiments  made  in  his 
laboratory  with  regard  to  the  relative  values  of  gypsum  and 
Chance  mud  (calcium  carbonate),  of  which  there  was  a  lake  of 
considerable  dimensions  at  Grateshead-upon-Tyne.  He  gave  some 
of  the  results  of  experiments  made  with  these  materials,  details 
of  which  he  proposed  to  make  the  subject  of  a  note  to  the  Insti- 
tute on  some  future  occasion. 

The  President  (Mr.  W.  C.  Blackett)  said  that  there  seemed 
to  be  a  tendency  on  the  part  of  some  to  throw  stones  at  the  Home 
Office  Committee  at  Eskmeals  for  not  getting  everything  done  at 
once.  If,  however,  these  critics  visited  Eskmeals,  as  it  was  quite 
possible  for  them  to  do,  they  would  realize  how  long  it  took  to 
make  an  experiment  in  a  large  gallery,  as  compared  with  the  way 
in  which  it  could  be  made  in  an  ordinary  laboratory.  When  they 
came  to  think  that  so  many  investigators  were  all  wanting  their 
own  particular  theories  to  be  tried,  and  all  grumbling  because 
each  was  not  tried  forthwith,  then  they  would  see  why  the 
Eskmeals  Committee  could  not  please  everybody. 
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He  did  not  propose  to  make  any  remarks  with  respect  to  the 
practical  side  of  the  question.  He  agreed  with  a  great  deal  that 
had  been  said  as  to  the  difficulties,  hut  perhaps  Mr.  Simeock  who 
suggested  the  possible  distribution  of  the  trays  hit  off  one  of  the 
worst .  He  could  also  imagine  the  possibility  of  the  trays 
catching  stray  garments  or  timber,  and  thus  inflicting  many 
injuries.  He  did  not  wish  to  throw  cold  water  on  Mr.  Halbaum 
for  bringing  before  them  what  was  a  very  interesting*  subject,  as 
had  been  proved  by  the  discussion  that  had  been  forthcoming, 
but  he  was  bound  to  say  that  he  did  not  agree  with  the  propositions 
which  Mr.  Halbaum  had  set  up.  Mr.  Halbaum  had  assumed  that 
these  propositions  would  be  taken  for  granted  without  demur. 
That  assumption,  however,  was  wrong,  so  far  as  he  (the  speaker) 
was  concerned,  for  he  demurred  at  once.  Taking  the  first  pro- 
position, had  Mr.  Halbaum  stated,  instead  of  "  must,"  that  it  was 
desirable  that  stone-dust  should  be  equally  plentiful,  he  did  not 
think  that  any  one  would  have  much  to  say  against  it,  because 
the  Home  Office  Report  that  had  just  been  issued  practically 
recommended  that  incombustible  dust  should  be  equally  plentiful 
in  its  distribution  in  the  mine.  If  they  read  the  report  they 
would  find  that  the  dust  was  called  a  "  1-to-l  mixture,"  and  when 
they  came  to  look  at  the  test  that  had  been  suggested  in  order  to 
ascertain  whether  that  mixture  had  been  what  was  called  "  1-to- 
1,"  they  would  find  that  the  proportion  of  incombustible  dust  was 
found  after  incineration,  the  dust  over  a  long  stretch  of  airway 
having  been  collected  as  a  sample  properly  mixed  and  passed 
through  an  ordinary  lamp-gauze  so  as  to  prepare  it  for  the  test. 

He  demurred  also  to  the  statement  that  the  dust  should  be 
equally  finely  divided ;  it  might  be  desirable  to  have  the  dust  in 
this  condition,  but  it  was  not  a  fact  that  it  must  be  so,  because 
experiments  at  Eskmeals  had  shown  that  the  dusts  with  which 
they  were  experimenting  were  not  equally  finely  divided :  that 
proposition  therefore  went  by  the  board.  The  state  of  fineness 
would  depend,  too,  as  had  been  mentioned  by  Prof.  Bedson,  on 
what  the  heat-absorbing  powers  of  the  various  dusts  were,  and 
also  what  state  of  combustion  was  set  up  by  the  particular  ignition 
that  happened  to  take  place,  bearing  in  mind  always  the  distinc- 
tion between  ignition  and  subsequent  propagation,  which  was 
where  the  zonal  system  would  have  to  be  considered :  for  the  laws 
which  they  might   put   forward   to   prevent   ignition   would   be 
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hopelessly  inadequate  in  the  case  of  the  zonal  system,  which  would 
have  to  arrest  propagation  of  unascertainable  violence. 

Again,  he  (Mr.  Blackett)  demurred  to  the  third  proposition — 
that  the  stone-dust  should  be  equally  buoyant.  He  agreed  that  it 
must  be  buoyant  enough  to  be  raised  in  the  air  by  the  force  which 
raised  the  coal-dust,  but  obviously  that  force  might  in  each  case 
be  more  than  sufficient ;  as  a  matter  of  fact,  it  was  quite  passible 
to  start  ignition  in  coal-dust,  the  violence  from  which  itself  raised 
the  underlying  stone-dust  so  as  to  quench  the  coal-dust.  The 
question  should  first  be  asked — what  did  they  expect  the  stone- 
dust  to  do,  and  when  to  act?  They  were  only  expecting  the  stone- 
dust  to  act  when  some  violent  disturbance  raised  it  in  the  air, 
and  when  ignition  took  place  in  the  pioneer  cloud,  there  was  then 
developed  sufficient  force  to  raise  less  buoyant  dust  than  coal-dust 
in  the  air  in  sufficient  quantities  to  prevent  further  propagation. 

The  foregoing  statement  also  served  to  contradict  the  fourth 
proposition,  because  coal-dust  when  ignited  from  the  floor  would 
certainly  cause  a  disturbance  of  incombustible  dust  on  the  sides 
and  roof,  sufficient  to  quench  the  ignition  before  such  conditions 
of  stoppage  and  pressure  were  set  up  as  to  make  the  quenching 
either  difficult  or  impossible. 

Mr.  Halbaum  had  stated  that  there  was  no  choice  but  to 
distribute  the  stone-dust  by  the  same  methods  as  the  coal-dust. 
He  (Mr.  Blackett)  thought,  that  there  was  a  choice,  and  that  the 
hand  method  was  in  the  end  likely  to  prove  the  best.  There  were 
all  kinds  of  pits,  and  they  might  have  the  most  dangerous  pits 
which  Mr.  Halbaum  had  in  view ;  in  that  case  they  probably 
wished  to  distribute  their  stone-dust  fairly  equals  throughout  the 
haulage-roads.  From  that  top  position,  so  to  speak,  they  had  pits 
varying  in  grade  right  down  to  those  which  were  naturally  wet 
throughout,  and  when  they  came  to  the  halfway  grade,  they  did 
not  want  to  be  for  ever  distributing  stone-dust  in  those  portions 
of  the  pit  that  were  already  damp.  It  would  be  extremely 
difficult  to  discriminate,  when  sending  in  trays,  between  the 
Landing  that  was  dry  and  the  landing  that  was  damp. 

With  regard  to  the  physiological  action  of  the  dust,  that  was 
a  question  of  some  importance.  He  was  of  opinion  that  when 
stone-dusts  were  applied,  they  should  be  applied  as  quietly  as 
possible,  and  at  such  times  as  would  cause  the  least  discomfort; 
consequently,  night-time  and  the  hand  method  were  chosen.     In 
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that  way  he  though!  that  they  practically  maintained  almost 
dangerous  dusts  in  a  safe  and  healthy  condition,  because  lie  was 
not  aware  that  the  stone-dusts  deposited  at  night  on  the  roofs 
and  timbers  would  he  disturbed  again.  They  would  remain  there 
until  they  were  wanted,  and  then  come  forward  to  attack  their 
enemy.  Therefore,  he  suggested  that  the  proper  way  to  apply 
stone-dust  was  not  the  objectionable  method  of  continually  and 
always  distributing  it  when  there  were  men  to  breathe  it.  If  they 
applied  it  in  the  way  which  Mr.  Halbaum  had  suggested,  then  he 
(Mr.  Blackett)  was  not  so  sure  that  stone-dust  would  be  a  safe 
remedy  in  pits.  Post-mortem  examinations  had  shown  the  lungs 
of  miners  who  had  had  to  breathe  coal-dust  absolutely  blackened, 
and  it  was  possible  that  the  dust  had  to  a  certain  extent  some 
antiseptic  properties.  He  would  not  himself  like  to  run  the  risk 
of  his  lungs  being  made  yellow  with  either  stone-dust  or  Chance 
mud. 

On  the  whole,  having  satisfactorily — at  any  rate,  so  far  as  he 
(Mr.  Blackett)  was  concerned — disposed  of  Mr.  Halbauni's  pro- 
positions, he  was  afraid  that  the  rest  of  the  paper  had  not  quite 
the  same  importance  as  it  would  have  had  if  he  had  been  able  to 
agree  with  them.  One  thing  he  would  like  to  say,  however,  was 
that,  although  he  had  himself  used  it,  he  took  great  objection 
to  the  word  "  inert."  He  did  not  think  that  it  was  correct 
scientifically  to  speak  of  incombustible  dusts  as  "inert"  dusts. 
It  seemed  to  him  that  coal-dust  was  in  a  state  of  inertia  while  it 
was  lying,  and,  like  stone-dust,  was  then  also  inert. 

Mr.  Halbaum  said  that  he  would  go  carefully  through  the 
various  criticisms,  but,  owing  to  the  lateness  of  the  hour,  reply 
thereto  in  writing.  He  did  not,  however,  think  that  he  would 
have  very  much  difficulty  in  doing  so.  The  members  had  been 
told  by  some  speakers  that  day  that  stone-dust  should  not  be 
equally  finely  divided,  and  had  also  been  told  by  others  that  it 
must  be  twice  as  finely  divided,  and  several  statements  of  that 
sort  had  been  made.  In  cases  of  that  kind  he  would  pit  one 
side  against  the  other  in  his  reply. 

With  regard  to  "  inert  "  dust,  he  was  quite  aware  of  the 
awkwardness  of  the  term  ;  of  course,  the  word  "  inert  "  was  put 
in  to  save  saying  stone-dust  or  flue-dust.  What  he  meant  to  say 
was  that  it  did  not  enter  into  chemical  action  in  the  presence  of 
heat. 

VOL.  T.XIV.-191S-1914.  ^ 
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With  regard  to  the  physiological  side  of  the  case,  phthisis 
arose  from  the  walls  of  the  lungs  being  wounded  by  the  gritty 
particles  of  stone-dust.  It  did  not  matter  what  dust  was  put  on 
the  trays  so  far  as  its  physical  character  was  concerned:  the  air- 
current  would  only  lift  the  finest  dust  off,  dust  which  felt  to  the 
touch  as  if  the  fingers  were  wet  with  oil,  and  he  did  not  see  how 
it  was  going  to  injure  the  lungs  in  view  of  what  Dr.  Haldane 
had  said.  At  any  rate  all  thai  was  outside  the  scope  of  his 
paper:  the  automatic  distribution  of  dust  was  his  subject.  He 
(Mr.  Halbaum)  had  said  by  way  of  an  introductory  word  that 
there  was  much  that  one  had  to  leave  unsaid,  and  all  that  was 
left  unsaid  he  had  taken  for  granted.  If  some  of  them  could 
not  agree  with  that  statement,  he  could  not  help  it.  The  choice 
of  the  dust  was  outside  the  scope  of  the  paper;  he  had  simply 
dealt  with  a  method  of  distribution,  which  he  still  considered  the 
best  and  was  prepared  to  uphold. 

Mr.  Halbaum,  in  continuation  of  his  reply,  wrote  thanking 
all  those  who  had  taken  part  in  the  discussion. 

He  had  been  considerably  surprised  at  the  hostile  attitude  of 
his  critics,  and  also,  to  some  extent,  amused  at  the  far-fetched 
character  of  the  arguments  which  some  of  them  had  brought  to 
bear  against  his  proposals;  but  he  intended  to  take  seriatim 
all  the  objections,  whether  serious  or  otherwise,  and  reply 
to  the  best  of  his  ability.  In  the  first  place,  he  would,  in 
deference  to  the  objection  of  the  President,  substitute  the  word 
"  incombustible  "  in  place  of  the  word  "  inert."  The  discussion 
bad  shown  further  that  the  phrase  "  incontrovertible  proposi- 
tions "  was  considered  to  be  rather  aggressive,  and  therefore  he 
would  adopt  the  suggestion  made  by  the  editors  of  the  Colliery 
Guardian*  and  substitute  the  word  "  postulates."  The  substi- 
tution of  these  terms  should  not,  however,  be  taken  to  imply  that 
he  had  receded  from  any  one  of  the  positions  that  he  had  taken 
up.  He  merely  wished  to  conciliate  the  members  by  substitut- 
ing equivalent  terms  of  a  less  aggressive  character  for  those  first 
used. 

Hi-  firsl  task  would  be  to  defend  the  postulates  to  which  the- 

President   and  Prof.  Louis  had  so  distinctly  demurred.     If  the 

President  and  Prof.  Louis  had  had  regard  to  the  preamble  which 

governed  the   interpretation   of  at  ta^st   five  of  those  postulates^ 

*  1914,  vol.  cvii.,  page  469. 
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they  would  probably  have  agreed  with  them.  II  appeared  that 
fchey  had  attacked  him  for  making  a  statement  which  lie  had  not 
made.  The  writer  had  not  stated,  without  qualification,  that  the 
stone-dust  must  he  equally  plentiful,  equally  finely  divided, 
equally  buoyant,  etc.  ;  but,  if  members  would  refer  again  to  the 
psper,  they  would  see  that  the  first  five  postulates,  taken  together 
with  their  common  preamble,  might  justly  be  condensed  and 
paraphrased  as  follows: — "  If  the  stone-dust  remedy  is  to  be  as 
effective  for  good  as  the  coal-dust  peril  is  already  effective  for 
evil,  it  must  not  he  handicapped  at  the  very  start  by  being  less 
plentiful,  less  finely  divided,  less  buoyant,  less  nearly  ubiquitous, 
or  less  efficiently  mobilized,  in  any  single  respect,  than  the 
enemy  which  it  has  set  out  to  defeat." 

It  would  be  noted  that  he  had  not  taken  up  quite  so  bumptious 
an  attitude  as  the  criticisms  of  the  President  and  Prof.  Louis 
would  seem  to  imply.  He  merely  affirmed  that  if  one  force  was  to 
be  effective  in  neutralizing  another,  its  numbers,  organization, 
and  general  efficiency  should  not  be  inferior,  although,  as  Mr. 
C.  C.  Leach  had  wisely  pointed  out,  a  weakness  in  one  detail 
might  possibly  be  compensated  by  extra  strength  in  another.  But 
Mr.  Blackett  and  Prof.  Louis  had  argued  in  favour  of  weakness 
all  round. 

In  ordinary  circumstances,  he  would  have  thought  that  the 
above  explanation  furnished  sufficient  answer  to  the  gentlemen 
named;  but,  lest  it  should  be  imagined  that  he  was  trying  to 
evade  particulars  by  enunciating  mere  generalities,  he  would 
take  each  particular  objection  in  turn.  The  first  postulate  was 
that  the  incombustible  dust  should  be  equally  plentiful.  The 
President  replied  that  this  was  not  essentially  necessary, 
although  he  admitted  that  it  might  be  desirable.  He  had  also 
admitted  that  the  Home  Office  report  recommended  that  the 
stone-dust  should  be  equally  plentiful,  -and  as  the  President, 
himself  a  member  of  the  Eskmeals  Committee,  had  signed  that 
report,  it  was  rather  remarkable  that  he  should  have  objected  to 
tlie  writer  upholding  the  finding  of  his  own  committee. 

Prof.  Louis  had  also  taken  exception  to  the  same  postulate, 
principally,  it  would  seem,  because  Mr.  Taffanel  had  not  as  yet 
approved  it.  Some  time  ago,  following  the  teaching  which  Prof. 
W.  Galloway  had  given  for  40  years,  he  (Mr.  Halbaum)  had 
slated  that  1  pound  of  coal-dust  mixed  with  about  150  cubic  feet 
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of  air  formed  an  explosive  mixture.*  Prof.  Louis  had  replied  to 
thai  by  stating  that  Mr.  Taffanel  had  shown  that  3  ounces  of  dust 
per  cubic  yard  of  air-space  formed  an  explosive  mixture.!  An 
<nis\  rule-of-three  exercise  would  show  that  ;!  ounces  of  dust  per 
cubic  yard  of  air-space  was  the  same  as  1  pound  of  dust  per  144 
cubic  feet  of  air,  which  was  practically  the  same  thing-  as  he  (Mr. 
Ealbaum)  had  slated,  and  the  same  thing"  as  Prof.  W.  Galloway 
had  preached  for  40  years.  Prof.  Louis  now  objected  to  the  first 
postulate,  because  it  did  not  agree  with  everything  that  Mr. 
Taffanel  had  stated.  He  (Mr.  Halbaum)  would  point  out,  how- 
ever, that  it  was  not  possible  to  agree  with  all  the  statements 
made  by  Mr.  Taffanel,  or  by  Prof.  Louis  on  behalf  of  Mr. 
Taffanel,  simply  because  the  various  statements  were  not  con- 
sistent one  with  the  other.  During  the  discussion  at  the  Institute 
he  thought  that  Prof.  Louis  had  stated  that  Mr.  Taffanel  had 
found  25  per  cent,  of  stone-dust  to  be  effective.  In  the  revised 
proof  of  his  remarks.  Prof.  Louis  had  increased  the  25  to  40 
per  cent.  ;  whilst  Mr.  Taffanel  himself  had  stated  that,  in  order 
to  be  sufficiently  safe,  some  mines  must  maintain  the  average 
proportion  of  stone-dust  higher  than  TO  per  cent.,*  which  made 
the  stone-dust  not  less,  but  more,  than  equally  plentiful  as 
advocated  in  the  paper.  He  Avas  quite  unable  to  accommodate 
his  views  to  those  of  Mr.  Taffanel,  simply  because  he  was 
entirely  at  a  loss  to  know  what  that  gentleman  re. illy  believed. 
Seeing,  therefore,  that,  according  to  Mr.  Taffanel,  the  proportion 
of  stone-dust  should  not  be  equal,  and  also  that  it  should  be  more 
than  equal,  it  was  impossible  for  him  to  accept  Mr.  Taffanel' s 
authority  at  Prof.  Louis'  valuation.  He  was  much  more  disposed 
to  pin  his  faith  to  Prof.  Galloway,  Mr.  Blackett,  Sir  "William 
Garforth,  and  others  who  had  done  at  least  as  much  in  this 
direction  as  any  of  those  other  gentlemen  mentioned  by  Prof. 
Louis. 

With  regard  to  the  second  postulate,  the  President  had 
objected  that  it  was  not  necessary  (although  he  admitted  that  it 
was  desirable)  that  the  incombustible  dust  should  be  "  equally 
finely  divided."  He  (Mr.  Blackett)  had  suggested  that  any 
explosive   shuck    which   raised   the   finely-divided   coal-dust   as  a 

*  Trans.  lint.  M.E.,  1910,  vol.  xxxix.,  page  737. 

t  Ibid.,  page  747. 

J  Ibid.,  1913,  vol.  xlvi.,  page  406. 
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cloud  in  the  air  would  generally  lie  sufficiently  violent  to  raise  a 
great  deal  of  stone-dust  at  the  same  time,  even  tJhough  that  were 
less  finely  divided  than  the  coal-dust.  Although  this  might  be 
quite  true,  the  writer  thought  it  was  equally  true,  and  equally  in 
accordance  with  the  doctrine  of  the  "  pioneering  cloud  "  which 
the  President  had  taught  tor  20  years  or  more,  that  a  given  weight 
of  coarsely-divided  stone-dust,  even  though  raised  as  a  cloud  in 
the  air,  could  never  afford  to  the  heated  atmosphere  the  same 
extent  of  cooling  surface  as  that  afforded  by  the  same  weight  of 
dust  more  finely  divided.  The  principal  aim  of  the  stone-dust 
treatment  was  the  presentation  of  a  maximum  cooling  surface, 
and  any  inefficiency  in  that  particular  respect  would  inevitably 
rob  the  system  of  its  value. 

Prof.  Louis'  objection  to  the  second  postulate  had  taken  a 
rather  different  form  from  that  of  the  President's.  He  had 
argued  that  the  stone-dust  must  be  twice  as  finely  divided,  since 
its  specific  gravity  (on  the  average)  was  twice  that  of  the  coal- 
dust.  One  was  inclined  to  sympathize  very  much  with  the 
amendment  proposed  by  Prof.  Louis,  notwithstanding  the  fact 
that  he  (Prof.  Louis)  had  been  flatly  contradicted  by  the  Presi- 
dent, and  notwithstanding  the  further  fact  that  No.  2  postulate 
simply  complied  with  the  condition  of  the  preamble,  whilst  Prof. 
Louis'  amendment  would  go  beyond  it.  The  preamble  spoke  of 
the  stone-dust  being  equally  effective,  whereas  Prof.  Louis' 
doubly-fine  division  of  the  same  would  make  it  more  effective. 
Since,  therefore,  the  President  criticized  the  postulate  as  claim- 
ing too  much,  whilst  Prof.  Louis  criticized  it  as  claiming  only 
half  as  much  as  it  ought  to,  it  was  probable  that  the  truth  lay 
between  those  two  extreme  views.  That  was  to  say.  No.  2  post- 
ulate probably  claimed  just  as  much  as,  and  no  more  than,  it 
ought  to,  when  read  in  the  liffht  of  the  preamble. 

With  regard  to  No.  3  postulate,  the  President  again  over- 
looked the  preamble  containing  the  "  if  "  by  which  all  the 
postulates  were  qualified.  On  the  other  hand,  the  objection  of 
Prof.  Louis  not  only  overlooked  the  preamble  referred  to,  but 
had  also  been  anticipated  and  forestalled  by  a  verbal  reminder 
interjected  by  the  writer  when  reading  the  written  paper.  That 
reminder  was  to  the  effect  that  the  degree  of  buoyancy  was  not 
necessarily  fixed  by  the  specific  gravity,  otherwise  all  iron  ships 
would  sink  to  the  bottom  of  the  sea.     Prof.  Louis'  objection  was 


170      DISCUSSION — AUTOMATIC    DISTRIBUTION  OF   STONE-DUST. 

further  invalidated  by  the  practical  experiments  recorded  by 
M  r.  Severs,  who  related  to  the  meeting  how,  on  filling  two  similar 
canisters  in  the  same  way,  one  with  coal-dust  and  the  other  with 
flue-dust,  the  buoyancies  of  the  two  were  practically  equal,  not- 
withstanding the  fact  that  the  specific  gravities  of  the  two 
substances  were  in  the  ratio  of  2  to  1.  Prof.  Louis'  objection, 
therefore,  depended  rather  on  a  trick  of  debate  than  upon  any 
necessarily  essential  difference  of  buoyancy  which,  in  practice, 
would  exist  between  finely-divided  stone-dust  and  equally  finely- 
divided  coal-dust.  There  was,  however,  another  aspect  of  the 
case,  to  which  he  would  refer  at  a  later  stage. 

With  regard  to  No.  4  postulate,  the  objection  of  the  President 
seemed  to  admit  that  an  actual  ignition  must  take  place  before 
the  incombustible  dust  took  up  its  proper  position.  For  his  own 
part,  he  (and  he  believed  the  President  also)  had  always  held 
that  prevention  was  better  than  cure  in  these  cases,  and  that  it 
was  more  important  to  prevent  ignition  than  to  arrest  it. 
Prof.  Louis  had  also  stated  his  disagreement  with  Xo.  -4 
postulate,  but  had  omitted  to  give  his  reason.  It  was  very 
important,  however,  that  reasons  should  be  forthcoming  for 
such  an  objection,  as  otherwise  they  could  only  conclude  that  the 
objector  held  the  singular  theory  that  one  condition  of  the  stone- 
dust  remedy  being  effective  was  that  it  should  not  be  available. 

With  regard  to  the  fifth  postulate,  an  answer  to  the  President 
would  be  forthcoming  later  on.  Prof.  Louis  had  contented  him- 
self with  stating  his  disagreement  therewith,  but  had  not  stated 
any  reason  why  the  distribution  of  the  incombustible  dust  should 
proceed  on  lines  less  efficient  than  those  already  obtaining  in  the 
distribution  of  coal-dust.  He  earnestly  invited  Prof.  Louis  to 
state  those  reasons,  and,  for  his  own  part,  he  would  consider  his 
fifth  postulate  absolutely  "  incontrovertible"  until  reasons  were 
stated  to  the  contrary. 

The  sixth  postulate  was  also  included  in  Prof.  Louis'  con- 
demnation, but  here  again  they  were  not  told  why.  Instead, 
that  gentleman  had  treated  them  to  an  interesting  disquisition 
on  the  parabolic  path  which  a  projectile,  under  ordinary  condi- 
tions, described  in  space,  and  most  of  the  members  were  no  doubt 
quite  familiar  with  the  fact.  But  Prof.  Louis  had  gone  on  to 
show  them  why,  despite  the  usual  law,  a  particle  of  coal-dust  in 
the  air-current  had  an  upward  motion  which  enabled  it  to  settle 
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on  the  roof  or  timber.  That,  as  he  had  lucidly  explained,  was 
due  to  eddies  iu  the  current.  They  accepted  all  that,  and  they 
also  accepted  the  statement  that  it  was  difficult,  if  not  impossible, 
to  define  the  exact  path  taken  by  the  particle.  What  then? 
Just  this:  it  did  not  matter  what  path  was  taken  by  the 
particle.  Neither  did  it  concern  them  whether  they  could  mathe- 
matically define  that  path  or  not.  As  practical  men,  all  that 
they  had  to  do  was  to  place  the  particle  of  stone-dust  under  the 
same  conditions  as  those  enjoyed  by  the  particle  of  coal-dust . 
put  it  on  the  tub-top,  and  say  :  "  Go  thou  and  do  likewise."  The 
stone-dust  particle  would  then  be  caught  up  by  the  same  air- 
current  ;  it  would  endeavour  to  follow  the  same  parabolic  path ; 
it  would  be  deflected  from  that  path  by  the  same  eddies;  and  it 
wrould  therefore  follow  the  same  indefinable  path  as  the  particle 
of  coal-dust  followed,  until  both  settled  on  the  roof  or  timber,  or 
in  some  obscure  cranny  that  had  hitherto  been  accessible  to  coal- 
dust  only.  He  was  greatly  obliged  to  Prof.  Louis  for  the  illus- 
tration. Such  illustrations  showed,  more  clearly  than  anything 
else  could  show,  that  the  air-current  was  the  only  really  efficient 
distributer  of  stone-dust  at  present  available.  The  illustration 
furnished  by  Prof.  Louis  was,  perhaps,  even  sufficient  answer  to 
Mr.  John  Morison  and  others  who  thought  that  hand-methods  of 
distribution  were  the  best.  He  therefore  submitted  with  great 
respect,  and  also  with  great  confidence,  that  the  members  should 
npprove  his  six  postulates  as  being  absolutely  "  incontrovertible  "' 
when  interpreted  in  the  light  of  their  common  preamble. 

In  reply  to  Mr.  J.  B.  Atkinson,  he  was  not  prepared  to  aver 
dogmatically  that  more  coal-dust  was  always  taken  into  the 
downcast  current  from  the  ascending  tubs  in  the  cage  than  was 
taken  from  the  screens.  He  had  never  made  actual  experiments 
to  prove  the  point,  nor  did  he  see  very  clearly  how  conclusive  ex- 
periments could  be  made  with  that  object  in  view.  As  noted  by 
Mr.  Atkinson,  the  direction  of  the  wind  would  cert;; inly  suggest 
much  with  regard  to  the  dust  from  the  screens,  but  it  would 
hardly  affect  the  balance  from  the  cages.  He  had  never  ridden 
in  the  shaft  with  full  tubs,  but  a  diagram  of  pressures  would 
suggest  much.  He  knew,  for  instance,  of  a  downcast  shaft  14 
feet  in  diameter,  or,  say,  150  square  feet  in  area,  down  which 
275,000  cubic  feet  of  air  passed  per  minute,  so  that  the  normal 
velocity  of  the  current  in  the  clear  shaft  was  about  30  feet  per 
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second;  but  when  passing  the  ascending'  cage,  which  with  the 
guides,  pumps,  etc.,  would  occupy  about  a  third  of  the  area,  the 
velocity  of  the  current  past  the  cage  would  be  45  feet  per  second. 
The  depth  of  that  shaft  was  about  1,500  feet  and  the  time  taken  by 
each  wind  4-"»  seconds,  giving  an  average  cage  speed  of  about  38 
feet  per  second.  The  maximum  speed  would  not  be  less  than  60 
feet  per  second.  "When  meeting,  the  cages  would  pass  each  other  at 
maximum  velocity,  and  therefore  the  relative  velocity  of  the  cur- 
rent past  the  full  cage  at  meetings  would  be  60  +  45  =  105  feet  per 
second.  The  aspiration  of  such  a  current  would  be  most  powerful 
in  sucking  the  dust  from  the  tubs  in  the  loaded  cage,  and  it  would 
be  no  reply  to  argue  that  the  current  might  be  momentarily  stop- 
ped at  such  points,  because  if  they  rejected  the  velocity,  they  must 
accept  the  pressure  created  by  such  sudden  arrestment,  and  also, 
subsequently,  the  eddying  whirlpools  produced  by  its  sudden 
liberation  in  renewed  kinetic  energy.  A  speed  of  105  feet  per 
second  corresponded  with  a  velocity  of  considerably  over  a  mile 
a  minute.  Most  of  them  knew  what  it  meant  to  travel  in  a  rail- 
way-carriage, though  at  a  considerably  lower  speed,  facing  the 
engine,  with  both  windows  open.  But,  as  a  general  rule,  the  rail- 
way-carriage raced  through  the  open  atmosphere,  and  not 
through  a  confined  passage  like  a  pit-shaft.  An  illustration  more 
apt,  therefore,  would  be  that  of  anyone  travelling  through  a 
railway-tunnel  when  facing  the  engine,  with  both  windows  of 
the  carriage  open,  and  the  speed  of  the  train  more  than  70  miles 
an  hour.  During  strikes  (and  stoppages  arising  from  other 
causes)  the  writer  had  often  "ridden"  in  the  downcast  shaft  in 
company  with  goods,  more  or  less  buoyant.  Such  journeys  had 
rarely  been  made  at  coal-winding  speed;  but,  from  his  limited 
experience  of  what  might  be  called  the  "  shaft-whirlwinds  "  pro- 
duced within  the  cage  at  such  speeds,  he  was  personally  convinced 
that,  given  time,  the  air-current  was  fully  competent  to  sweep  a 
vast  amount  of  dust  from  the  loaded  tubs  in  the  ascending  cage. 
Believing  that,  he  had  thought  it  well  to  point  out  that,  unless 
the  closed  tub  (or,  in  the  alternative,  the  closed  cage)  were 
adopted,  it  was  very  unlikely  that  merely  shifting  the  screens 
to  a  distance  of  80  yards  (as  suggested  by  the  Mines  Act)  would 
do  away  entirely  with  coal-dust   in  the  downcast  current. 

With  regard  to  the  second  point  raised  by  Mr.  Atkinson,  he 
certainly  agreed  that  the  effect  of  the  trays  would,  ultimately^ 
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be  to  do  away  with  the  greater  part  of  the  coal-dust  peril  on  the 
main  haulage-roads,  and  that  the  deposition  of  coal-dust  being* 
practically  prevented,  the  distribution  of  the  remedial  stone-dust 
might,  coincideiitly,  be  suspended  for  very  long  intervals.  He 
did  noi  Bay  that  the  deposition  of  coal-dust  would  ever  be  absol- 
utely prevented,  because  they  all  knew  how  penetrating  and 
searching  was  the  action  of  the  fine  dust,  which  even  got  inside 
their  watches  and  into  other  places  which  were  almost  airtight. 
But  he  did  believe  that  the  proposals  that  he  had  made  would, 
if  adopted,  reduce  the  present  rate  of  accumulation  of  coal-dust 
by  at  least  90  per  cent.,  so  far  as  their  haulage-roads  were  con- 
cerned, and  correspondingly  reduce  the  necessity  for  applying 
the  stone-dust  or  other  remedy. 

Mr.  John  Morison  had  stated  that  he  considered  the  paper  to 
be  rather  a  suggestion  for  an  entirely-closed  tub  than  a  practical 
means  of  stone-dusting.  He  (Mr.  Halbaum)  agreed  that  the 
paper  did  suggest  a  tub  that  was  practically  closed,  but  why 
not  ?  He  had  said  so  niucli  in  the  paper,  and  had  also  stated 
that,  in  his  opinion,  present  legislation  foreshadowed  the  early 
introduction  of  such  a  tub.  He  considered  that  the  question 
before  colliery  managers  at  present  was  not  whether  or  not  they 
would  accept  a  closed  tub,  because  it  seemed  to  him  that  the 
closed  tub  was  a  certain  feature  of  the  future.  The  Act  already 
provided  that,  within  a  given  time,  the  tubs  should  be  so  con- 
structed as  to  prevent,  as  far  as  practicable,  the  escape  of  coal- 
dust  from  the  floors,  ends,  or  sides  of  the  tub,  and  the  only 
question  remaining  was,  how  long  they  would  allow  it  to  escape 
from  the  top  of  the  tub.  The  closed  tub  was  the  logical  con- 
clusion of  the  whole  matter.  Considerable  strides  were  already 
being  made  in  that  direction,  and  he  ventured  to  say  that  the 
hardship  inflicted  in  some  coalfields  by  complying  with  the 
Act,  as  it  already  stood,  was  even  now  greater  than  that  which 
would  be  inflicted  in  the  jSTorthumberland  and  Durham  coalfield 
by  the  compulsory  adoption  of  a  closed  tub.  It  appeared  to  him 
that  the  question  was  not  whether  they  would  accept  a  closed 
tub,  but  whether,  being  obliged  to  accept  it,  they  would  adopt 
one  which  would  be  convenient,  instead  of  inconvenient,  and 
whther  they  would  make  a  grace  of  necessity  by  voluntarily 
taking  the  first  step  in  a  direction  which,  in  the  view  of  most 
thinking  people,  could  only  be  regarded  as  a  right  direction.      It 
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was  universally  admitted  that  the  distribution  of  coal-dust  from 
the  tubs  on  the  main  haulage-ways  was  the  foundation  and  the 
means  of  maintenance  of  the  coal-dust  peril,  and,  if  so,  it  was 
quite  certain  that  public  opinion  would  insist,  and  was  even  now 
beginning  to  insist,  upon  the  extinction  of  that  peril,  even  at  the 
cost  of  a  closed  tub.  He,  for  one,  was  quite  certain  that  the 
cos!  and  inconvenience  would  be  as  nought,  compared  with  the 
purpose  for  which  it  was  designed,  which,  as  he  believed,  it  was 
also  destined  to  fulfil. 

Mr.  Morison  had  further  referred  to  what  he  considered  a 
conspicuous  omission  from  the  paper,  no  reference  having  been 
made  to  the  necessity  of  selecting  the  kind  of  dust  that  would 
be  free  from  any  tendency  to  be  harmful  when  breathed.  It  was 
quite  true  that  the  paper  made  no  direct  reference  to  that  side 
of  the  question ;  but  it  was  hardly  correct  to  say  that  this  was 
a  conspicuous  omission.  Reference  to  that  side  of  the  subject  was 
purposely  omitted,  and  rightly  so,  since  a  look  at  the  title  of  the 
paper  would  show  that  the  subject  was  not  the  selection,  but  only 
the  distribution  of  stone-dust.  So  far  as  he  was  concerned,  he 
had  not  troubled  himself  about  selection :  he  was  quite  content 
to  leave  that  matter  in  the  hands  of  Sir  William  Garforth  and 
the  Eskmeals  Committee  and  others  who  were  qualified  to  express 
an  opinion  on  the  matter.  What  he  set  out  to  describe,  and 
what  he  had  described,  was  what  he  considered  to  be  the  best 
method  of  distributing  the  stone-dust,  no  matter  what  kind  of 
dust  might  be  decided  on. 

The  President  and  Dr.  Harger  had  also  taken  exception  to 
the  writer's  statement  that  the  most  dangerous  dust  was  found 
on  the  main  haulage-roads.  That  objection  constituted  a  mere 
play  upon  words.  Everyone  knew  what  was  meant  by  such  a 
statement,  and  even  the  Eskmeals  Committee,  in  their  Fifth 
Rejyort  (page  31)  used  the  same  phrase,  and  distinctly  stated 
thai  in  the  main  haulage-roads  the  coal-dust  was  most  danger- 
ous. Of  course,  that  was  admittedly  a  rather  loose  statement, 
seeing  that  it  was  not  the  coal-dust  per  se  which  was  most  dan- 
gerous, but  the  coal-dust  considered  together  with  its  environ- 
ment on  those  roads.  The  correct  statement,  therefore,  was  that 
the  most  dangerous  part  of  the  coal-dust  problem  was  found  on 
the  main  haulage-roads.  Dr.  Harger  had  himself  pointed  out 
that,   in  order  to  obtain    a  coal-dust   explosion,    five  conditions 
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must  be  present,  but  that  three  \)i  those  conditions  never  existed 
at  rhe  working-face,  his  ((inclusion  being  that  the  simultaneous 

occurrence  of  all  the  five  conditions  could  happen  only  in  a  main 
haulage-road,  and  that  a  main  intake  haulage-road  was,  in  point 
of  fact,  the  only  place  in  the  mine  where  a  coal-dust  explosion 
could  actually  occur.  That  grouping  of  conditions  was  so  well 
understood,  so  distinctly  recognized,  and  so  universally  admitted, 
that  the  President's  objection  appeared  to  be  a  little  hyper- 
critical. 

The  President,  with  Mr.  John  Morison,  Mr.  Samuel  Hare. 
and  others,  had  expressed  the  opinion  that  ordinary  methods  of 
hand-dusting  were  superior  to  that  proposed  by  the  writer.  He 
was  obliged  to  those  gentlemen  for  their  opinion,  but  he  would 
have  been  still  more  indebted  to  them  if  they  had  given  some 
tangible  reason  for  the  faith  that  was  in  them.  He,  for  one,  did 
not  at  all  share  their  faith  in  manual  methods,  either  in  regard 
to  stone-dusting  or  to  anything  else.  It  was  notorious  that  hand 
methods,  no  matter  in  what  industry  they  were  employed,  were 
generally  the  most  expensive  and,  very  frequently,  also  the  least 
efficient  methods  that  could  be  adopted.  The  members  might, 
for  instance,  be  reminded  that  the  watering  of  coal-dust  had 
not  by  any  means  fulfilled  the  high  purpose  which  had  been 
expected  from  it.  It  had  failed,  usually,  because  it  was  dis- 
tributed by  hand  methods,  but  wherever  its  efficiency  was 
greater,  hand  methods  had  been  dispensed  with,  and  the  water- 
ing done  by  mechanical  means.  At  the  Senghenydd  inquest  the 
jury  found  that  the  pit  was  well  watered  so  far  as  the  floor  was 
concerned,  but  they  added  the  recommendation  that  the  roof 
and  timbers  should  receive  more  attention.  They  immediately 
qualified  that  recommendation,  however,  by  stating  that  they 
fully  recognized  the  great  practical  difficulty  attending  the 
efficient  watering  of  the  roof  and  sides.  As  a  matter  of  experi- 
mental fact,  he  (Mr.  Halbaum)  ventured  to  say  thai  the  water- 
ing of  coal-dust  could  not  be  done  efficiently  by  hand.  The  only 
way  to  make  hand-watering  efficient  would  be  to  knead  the  fine 
coal-dust  after  it  was  watered.  Every  housewife  knew  so  much 
with  regard  to  her  flour  (dust),  and  every  practical  pitman  knew 
that  water  would  trickle  off  a  layer  of  fine  coal-dust  just  as  it 
trickled  off  a  duck's  back.  Hand-watering  was  played  out,  and 
the  present  position  was  that  very  few  thinking  persons  believed 
in  it. 
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Their  experience  of  hand-watering  alone,  therefore,  should 
lead  them  to  suspect  the  efficiency  of  stone-dusting  by  hand. 
They  could  shovel  the  stone-dust  about  if  they  liked,  but  they 
could  not  by  any  such  crude  means  follow  the  coal-dust  into  all 
its  hiding  places.  They  would,  moreover,  handle  at  least  twenty 
times  as  much  stuff  as  they  would  need  to  handle  under  the 
system  that  lie  had  advocated,  and  they  would  subsequently  incur 
the  additional  expense  of  shifting  that  twentyfold  amount 
periodically.  They  would  also  throw  all  manner  of  coarse  grit 
into  the  air,  where  it  would  stay  just  long  enough  to  give  the 
distributor  a  good  mouthful.  On  the  other  hand,  the  method  of 
distribution  by  the  air-current  would  cause  the  stone-dust  to 
relentlessly  follow  the  coal-dust  wherever  it  might  wander,  or 
even  get  there  before  it,  since  the  tray  advocated  by  him  would 
cover,  say,  90  per  cent,  of  the  tub-top  and  correspondingly 
throttle  by  90'  per  cent,  the  supply  of  coal-dust  from  the  tub  below. 
Moreover,  the  current  would  pick  from  the  tray  only  such  fine 
dust  as  it  could  easily  carry,  and  only  in  such  infinitesimal 
quantity  as  could  injure  no  one  who  happened  to  inhale  it,  unless 
the  dust  selected  was  poisonous.  The  useless  and  objectionable 
gritty  matter  would  be  left  on  the  tray,  and  be  thrown  off  at  the 
surface.  Periodical  cleanings-up  would  be  few  and  far  between, 
but,  above  all,  the  system  would  be  efficient,  siniply  because  the 
automatically-distributed  stone-dust  would  penetrate  every  nook 
and  cranny  that  co\ild  be  or  would  be  invaded  by  the  similarly 
distributed  coal-dust.  That  was  his  opinion;  those  were  his 
reasons  for  holding  such  an  opinion;  and  he  would  respectfully 
ask  those  who  differed,  not  merely  to  meet  opinion  by  opinion, 
which  proved  nothing,  but  to  endeavour  to  meet  reason  by 
reason. 

With  regard  to  any  comparison  between  hand  methods  and 
automatic  methods,  it  might  perhaps  interest  the  members  to 
know  that,  since  the  communication  of  his  paper  to  the  Institute, 
the  writer  had  met  a  gentleman  who  had  control  of  one  of  the 
largest  colliery  concerns  in  South  Wales.  That  gentleman  had 
surprised  the  writer  by  stating  that  his  management  had  anti- 
cipated the  writer's  proposals  by  some  months,  and  were  even 
then  automatically  distributing  their  stone-dust  by  means  of  the 
air-current  alone.  The  system  employed  was  not  exactly  the 
same  as  that  advocated  by  the  writer,  and  was  probably  a  little 
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more  expensive.     The  difference  of  method  was  dictated  by  the 

much  greater  size  of  the  South  Wales  coal-tuh,  which  often  con- 
tained  tour  or  live  times  the  quantity  of  coal  carried  by  the 
ordinary  tub  used  in  the  North  of  England.  The  management 
referred  to  were  still  making  occasional  improvements  in  their 
system.  The  arrangement  was  not  yet  perfectly  completed,  and  it 
\\;i^  no  part  of  the  writer's  business  to  anticipate  the  varioue 
details  which  the  gentleman  referred  to  would  probably  lay  before 
the  public  at  no  very  distant  date.  What,  however,  he  was  quite 
entitled  to  do  was  to  record  that  gentleman's  assurance,  which  was 
to  the  effect  that,  although  the  arrangement  was  scarcely  out  of  its 
experimental  stage,  they  had  already  come  to  the  conclusion 
that  the  automatic  distribution  of  stone-dust,  by  means  of  the 
air-current  alone,  was,  comparatively  speaking,  the  only  method 
of  distribution  worth  considering. 

Against  the  above  'practical  argument  in  favour  of  distribu- 
tion by  the  air-current,  he  had  nothing  to  set  except  the  assur- 
ance of  a  few  colliery  managers,  professedly  "  practical,"  that 
hand  stone-dusting  was  the  only  method  likely  to  be  efficient. 
Nevertheless,  he  (Mr.  Halbaum).  as  a  "  practical  "  man  himself, 
had  no  hesitation  in  saying  that  he  knew  of  several  methods 
capable  of  dislodging  coal-dust  other  than  the  method  of  merely 
throwing  big  stones  at  it. 

A  number  of  other  objections  associated  with  the  names  of 
Mr.  John  Morison,  Mr.  E.  0.  Simcock,  Mr.  Samuel  Hare,  and 
Mr.  Mark  Ford  might  be  grouped  together  and  answered  simul- 
taneously. Some  of  these  gentlemen  had  drawn  a  terrible  picture 
of  what  a  stone-dust-laden  atmosphere  (entirely  imaginary)  might 
bring  about.  They  had  also  stated  that  the  distribution  of  stone- 
dust  by  the  proposed  method  would  not  be  even,  hut  would  be 
scattered  about  only  at  the  in-bye  end  or  at  the  out-bye  end  of 
the  haulage-road.  One  had  even  suggested  that  it  would  be 
necessary  to  fasten  the  trays  on  to  the  tops  of  the  tubs,  as  the 
power  of  the  air-current  would  be  sufficient  to  lift  the  trays  and 
distribute  them  along  the  haulage-roads  together  with  the  dust 
which  they  had  contained.  With  regard  to  the  first  objection, 
that  of  the  stone-dust-laden  atmosphere,  it  was  hardly  a  prac- 
tical argument.  Was  it,  for  instance,  "  practical  "  to  suppose 
that,  under  the  proposed  system,  one  would  be  smothered  with 
stone-dust  on  the  haulage-roada  any  more  than  one  was  already 
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smothered  with  coal-dust  which  was  subjected  to  exactly  the  same 
conditions  under  the  present  system  ?  Mr.  Mark  Ford  had  made 
a  greal  deal  of  that  objection,  and  had  insinuated  that  not  only 
would  the  atmosphere  lie  such  as  to  he  unfit  to  breathe,  but  that 
it  would  also  cause  trouble  with  the  pumps,  invade  the  water- 
standages  of  the  mine,  gei  into  the  bearings  and  working  parts 
of  the  machinery,  and  on  tub-axles,  rails,  and  sheaves  all  along 
the  haulage-road.  The  obvious  reply  to  that  statement  was  to 
ask  how  it  happened  that  the  more  buoyant  coal-dust  did  not  do 
that  already?  As  a  simple  matter  of  fact,  no  such  conditions  act- 
ually existed  in  any  mine,  and  such  an  objection  entirely  over- 
looked the  important  fact  that  the  air-current  could  only  deposit 
such  dust  on  the  roads,  or  on  the  pumps,  or  in  the  machinery, 
as  it  had  been  able  to  lift  from  the  tub-tops  :  and  if  the  air-cur- 
rent was  at  present  unable  to  lift  so  terrific  a  volume  of  the 
lighter  coal-dust  from  the  tub-tops,  how  was  it  going  to  lift  a 
weight  so  immensely  greater  as  a  still  bigger  volume  of  the  heavier 
stone-dust;-'  That  argument,  therefore,  was  scarcely  worth  the 
time  spent  in  stating  it.  Mr.  Mark  Ford,  however,  had,  by  "  prac- 
tical  "  means,  entirely  laid  to  rest  the  theoretical  bogey  with 
which  he  had  so  alarmed  them.  For,  after  describing  the  fearsome 
qualities  of  liks  imaginary  creation,  he  had  straightway  explained 
with  the  most  delightful  naivete  how  "  he  had  placed  stone-dust  on 
the  top  of  a  tub,  and  had  run  it  up  and  down  a  shaft  where  the  air- 
current  was  1,600  feet  per  minute,  but  then  was  practically  none 
blown  off."  The  writer  was  therefore  left  with  the  double  obli- 
gation of  explaining  to  the  same  gentleman,  first,  why  the  air- 
curreni  would  not  be  so  overloaded  with  stone-dust  as  that 
gentleman  had  imagined,  and.  secondly  why  it  would  lift  any 
stone-dust  at  all,  Mr.  Ford  having  apparently  disproved  both 
cases  to  his  own  satisfaction.  Having  replied  to  the  one  extreme 
case,  he  would  now  endeavour  to  reply  to  the  other  extreme.  As 
a  matter  of  fact,  all  of  them  were  quite  aware  that,  when  they 
met  the  set  of  full  tubs  coming  out-bye,  there  was,  apparently, 
practically  no  coal-dust  blown  off  either.  It  was  no  good,  for 
instance,  to  send  a  couple  of  men  to  follow  each  set  with  a  pair 
of  shovels  in  order  to  remove  the  coal-dust  continually  blown  off 
the  loaded  train.  It  was  a  fact,  nevertheless,  that  coal-dust  was 
blown  off.  seeing  that  they  all  recognized  the  necessity  of  remov- 
ing it  periodically  from  the  haulage-roads.     It  should  hardly  be 
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necessary  to  point  out  thai  the  fine  coal-dust  found  on  the  timbers 
often  represented  the  accumulation  of  many  months  and  even 
years.  The  distribution  took  place  insensibly,  and  any  thinking 
man  would  naturally  expect  similarly  mild  effects  to  take  place 

when  stone-dust  was  distributed  on  precisely  similar  lines.  The 
quantity  of  coal-dust  distributed  by  such  means  was  very  small 
if  the  quantity  blown  from  the  tubs  in  the  course  of  a  few  hours 
was  taken  into  consideration:  but  the  rate  of  distribution,  how- 
ever slow,  was,  as  they  all  knew,  competent,  ultimately,  to  create 
a  peril  on  their  haulage-roads  which  would  otherwise  not  exist. 
Similarly,  the  quantity  of  dust  blown  from  the  top  of  the  tub  in 
Mr.  Ford's  shaft  would  not  be  appreciable  to  the  senses  during 
the  short  time  taken  up  by  that  gentleman's  experiment,  yet  it 
was  clearly  rational  to  believe  that  the  small  quantity  of  stone- 
dust,  distributed  by  such  means,  would  be  eventually  competent 
to  neutralize  the  dangerous  potentialities  of  the  equally  small 
quantity  of  coal-dust,  distributed  by  precisely  similar  means. 

Similar  arguments  from  analogy  applied  to  the  rest  of  the  case, 
so  far  as  the  gentlemen  named  were  concerned,  for  it  was  evident 
that  if  the  air-current  distributed  the  stone-dust  principally  at 
either  end  of  the  haulage-road,  it  would  also  distribute  the  coal- 
dust  in  the  same  patchy  way.  It  did  not  matter  whether  the  dis- 
tribution effected  by  the  air-current  was  patchy  or  uniform.  The 
only  thing  that  did  matter  was  the  fact  that  the  stone-dust  and  the 
coal-dust  would  both  be  distributed  in  the  same  way  and  in  the 
same  phut*,  simply  because  both  were  subjected  to  the  same 
conditions  and  both  distributed  by  the  same  means,  although,  as 
already  noted,  the  exposed  .surface  of  the  stone-dust  resting  on 
the  tray  would  be  at  least  ten  times  more  accessible  to  the  air- 
current  than  the  coal-dust  beneath  the  tray.  He  would  also  ask 
Mr.  E.  0.  Simcock  why  the  air-current  would  remove  iron  trays 
weighing  20  pounds  from  the  top  of  the  tubs,  and  not  remove 
pieces  of  coal  much  less  ponderous,  which  were  fully  exposed  to 
the  current  by  being  piled  up  2  inches  above  the  tub-top. 

In  conclusion,  he  might  say,  for  the  information  of  Mr. 
Simcock  and  other  gentlemen,  that  in  Northumberland  and 
Durham  the  tubs  were  usually  filled  "level  full"  at  the  face, 
and  that  when  the  tubs  arrived  at  the  fiat  or  landing,  as  the  c;m' 
might  be,  it  was  found  that  the  coals  had  settled  down  to  about 
an  inch  below  the  level  of  the  tub-top.     Hence,  in  that  coalfield, 
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at  any  rate,  the  placing  of  the  trays  on  the  tub-top  would  not 
diminish  the  quantity  of  coal  sent  out  per  tub,  whatever  might 
happen  in  connexion  with  the  execrable  haulage-tracks  and 
destructive  hurricanes  which,  according  to  Mr.  Simcock,  obtained 
in  other  coalfields.  Mr.  Simcock  further  stated  that  there  were 
several  items  which  the  writer  had  forgotten  to  take  into  account. 
He  was  prepared  to  admit  that  he  might  have  forgotten  one  or 
two  little  details,  but,  if  he  had,  none  of  the  gentlemen  who  had 
taken  part  in  the  discussion  had  brought  them  to  his  notice.  He 
had  already  stated  in  the  paper  that  the  system  possessed  a  large 
amount  of  elasticity.  For  example,  he  did  not  see,  nor  did  he 
believe,  that  any  time  would  be  lost  in  finding  a  tub  which  a 
given  tray  would  fit.  There  was,  in  fact,  no  absolute  necessity 
to  make  the  tray  a  tight  fit,  If  desired,  it  could  be  made  with  an 
inch  of  play  all  round,  which,  in  the  generality  of  cases,  would 
allow  for  all  ordinary  differences  in  the  shape  of  the  stock  tub. 
Moreover,  if  one  had  only  to  fulfil  the  condition  that  the  stone- 
dust  was  to  be  equally  as  plentiful  as  the  coal-dust,  it  was  obvious 
that  this  condition  would  be  fulfilled  so  long  as  the  area  of  the 
loaded  tray  was  not  less  than  half  the  area  of  the  tub-top.  That 
statement  remained  true,  even  supposing  the  coal-dust  on  the 
exposed  tub-top  to  be  as  plentiful  as  the  stone-dust  on  the  tray- 
top  ;  but  they  knew  perfectly  well  that  such  a  condition  would 
seldom  or  never  obtain,  because  the  tub  was  filled  with  coal  of  all 
sorts,  and  the  proportion  of  coal-dust  amongst  the  coals  was  there- 
fore necessarily  small ;  whereas,  in  the  case  of  the  tray  carrying 
the  stone-dust,  it  would  contain  dust  only,  and  the  supply  of  stone- 
dust  on  the  tray  would  therefore  be  available  much  longer  and 
much  more  freely  than  the  supply  of  coal-dust  on  the  exposed  por- 
tion of  the  tub-top.  In  fact,  were  it  not  that  the  signs  of  the  times 
seemed  to  foreshadow  the  compulsory  introduction  of  a  closed 
tub,  the  writer  would  be  quite  content  to  recommend  a  tray 
which  covered  no  more  than,  say,  50  or  60  per  cent,  of  the  tub- 
top,  although  it  was  evident  that  the  more  nearly  the  tray  fitted 
the  tub,  the  more  nearly  would  the  distribution  of  coal-dust  be 
prevented,  and  the  more  nearly  would  the  necessity  of  applying 
the  stone-dust  remedy  be  extinguished.  The  ultimate  effect  of 
the  adoption  of  the  system  would  be  that  the  atmospheres  of  the 
shafts  and  the  haulage-roads  would,  for  many  weeks  of  the  year, 
be  practically  free  from  dust  of  any  kind,  whether  made  from 
coal  or  from  stone. 
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He  had  already  replied  to  Mr.  Morison  thai   the  subjecl   oi 

the  paper  was  not  the  selection  but  the  distribution  ol  stone-dust. 
He  might  point  out,  however,  that  the  question  of  selection 
presented  at  leasl  two  sides.   One  related  to  the  chemical  character 

of  the  dust  selected  and  the  other  related  to  its  physical  condi- 
tion— its  grittiness,  its  fineness  of  division,  and  so  forth.  With 
the  first  side  of  that  question  the  paper  had  no  connexion  what- 
ever, nor  had  it  any  logical  connexion  with  the  other  side  either. 
Incidentally,  however,  and  as  had  been  previously  pointed  out, 
the  paper  had  touched  the  latter  side  of  the  question  very  effect- 
ively, because  by  the  system  described  in  the  paper  the  air- 
current  could  distribute  only  such  stone-dust  as  it  had  first 
automatically  selected  from  the  tray.  The  chemical  com- 
position of  the  dust  would  not  affect  the  choice  of  the  air-current, 
but  its  physical  condition  would  very  much  govern  that  choice. 
It  was  obvious  that  the  dust  selected  by  this  means  would  be  the 
finest  of  all,  whilst  all  gritty  matter  such  as  was  likely  to  wound 
or  irritate  the  surfaces  of  the  respiratory  passages  would  be  left 
on  the  tray. 

Finally,  he  wished  to  point  out  that  the  coal-dust  obtained 
in  the  mine  was  made  accidentally.  The  coal-getter  did  not  go 
on  to  the  face  with  the  purpose  of  making  coal-dust.  On  the 
contrary,  he  filled  up  coal-dust  for  the  vsimple  reason  that  he 
could  not  break  coal  without  at  the  same  time  making  a  certain 
quantity  of  dust.  Similarly,  he  might  point  out  that  the  very 
fine  grinding  of  the  stone-dust  referred  to  by  Mr.  John  Morison 
was  not  at  all  necessary.  If  they  broke  up  a  quantity  of  stone, 
the  quantity  broken  up  would  yield  a  proportion  of  the  finest  dust, 
simply  because  stone  could  not  any  more  than  coal  be  broken 
up  without  producing  a  proportion  of  fine  dust,  and  a  proportion 
of  dust  much  finer  than  any  obtainable  by  organized  means. 
Hence  any  rough  drillings  of  suitable  structure  from  the  shot- 
holes,  or  any  rough  chippings  of  stone  obtained  by  other  mean-. 
might  be  placed  on  the  trays.  That  being  done,  the  air-current 
itself  would  do  all  the  rest  with  regard  to  the  selection  and  dis- 
tribution of  the  finest  stone-dust,  leaving  the  gritty  particles  on 
the  tray  just  in  the  same  manner  as  it  already  selected  and  dis- 
tributed the  finest  coal-dust  from  the  top  of  the  tub  whilst 
leaving  the  lumpy  pieces  inside  the  tub.  The  entire  sys 
in  fact,  appeared  to  be  abundantly  capable  of  doing  everything 
that  one  would  wish  it  to  do,  and  of  leaving  undone  everything 
that  one  would  desire  it  to  leave  alone. 
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Ee  was  greatly  obliged  to  Sir  William  Garforth  for  giving 
them  the  benefit   of  his  unique  experience;    but,  with  regard  to 
any  points  on  which  he  felt  inclined  to  differ,  lie  did  not  intend 
to  reply,  except  in  so  far  as  those  points  might  have  been  incident- 
ally replied  to  elsewhere.     In  ordinary  circumstances,  and  so  far 
as  the  question  of  coal-dust  was  concerned,  he  would  never  think 
oi   taking  up  an  antagonistic  attitude  to  Sir  William  Garforth, 
Prof.  W.  Galloway.  Messrs.  J.  B.  and  W.  X.  Atkinson,  or  Mr. 
W.  ('.   Blackett.       He  was  quite  prepared  to  listen  to,  and  to  be 
taught   by,  any  one  of  them.       He  might  say.  however,  that  he 
agreed  with  Sir  William  that  every  district,  and  even  every  pit, 
had  its  own  particular  methods  and  local  conditions,  and  that  a 
system  suitable  and  economical  for  Northumberland  and  Durham 
might  not  be  so  for  Altofts  and  other  places.     For  his  own  part,  he 
was  content  at  present  to  confine  his  propaganda  to  Northumber- 
land and  Durham.       He  was  fully  acquainted  with  all  the  condi- 
tions in  that  coal  Held,  and  he  was  quite  certain  that  the  system 
which   he  had   advocated   was   capable   of  adoption   in   that   coal- 
held,       lie  was  further  strongly  of  opinion  that  the  adoption  of 
the  system  that  he  had  advocated  would  not  increase,  but  would 
reduce,  costs  mi  far  as  the  Northumberland  and  Durham  coal- 
held  was  concerned.     If  the  principle  were  once  accepted  in  that 
coalfield,  it  would  then  be  time  enough  to  attempt  to  modify  the 
system  so  .is  to  make  it  applicable  to  other  coalfields  where  the 
difficulties  were  much  greater;  although  it  was  surprising  that 
in  the  great  coalfield  of  South  Wales,  where  the  difficulties  were 
admittedly  the  <rreatest  of  all.  the  proposed  system  of  distribu- 
ting stone-dust  by  means  of  the  air-current  alone  had   already 
been  anticipated,  and,  in  one  case  at  least,  was  in  actual  opera- 
tion with  satisfactory  results. 

He  thought  that  he  had  now  answered  all  the  various  objec- 
tion:- which  had  been  made:  but  if,  as  was  probable,  any  flaw.s 
could  be  detected  in  those  answers,  or  if  the  views  of  any  gentle- 
man had  been  in  any  way  misrepresented,  he  would  be  greatly 
obliged  if  the  members  would  point  out  any  such  flaws  and  correct 
any  unintentional  misrepresentations  that  might  have  crept  into 
his  ;ather  lengthy,  but  entirely  necessary,  statement. 

<>ii  the  motion  of  the  President  (Mr.  W.  C.  Blackett),  a 
cordial  vote  of  i  hank-  was  accorded  to  Mr.  Halbaum  for  his  paper. 


.Mr.   John    Morris's    "  Notes  on   Gob-fires  and   Blackdamp, 

etc.."     were  taken   a-   lead,  as  follows:  — 
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NOTES  ON  GOB-FIRES  AND  KLACKDAMP,  ETC. 


By  JOHN  MORRIS. 


Introduction. — The  question  of  gob-fires,  and  the  probable 
effect  of  blackdamp  on  men  who  may  be  working  in  an  atmo- 
sphere highly  charged  with  that  gas,  is  one  that  has  recently 
received  considerable  attention,  the  latter  subject  especially 
having  been  dealt  with  by  Dr.  John  Harger.*  The  writer  has 
had  considerable  experience  of  both,  with  special  experience  of 
the  latter  at  Lydbrook  Colliery,  in  the  Forest  of  Dean. 

At  this  colliery  the  circumstances  attending  gob-fires  differ 
from  those  which  most  mining  men  imagine  as  almost  essential 
for  their  production.  The  writer  therefore  puts  forward  these 
observations  in  the  hope  that  they  may  prove  interesting,  and 
of  some  use  to  those  who  are  compelled  to  battle  continually  with 
these  unwelcome  conditions. 

Lydbrook  Colliery  consists  of  a  winding  shaft  about  390  feet 
deep,  a  furnace  shaft  about  210  feet  deep,  and  an  adit-level,  the 
mouth  of  which  is  about  1,300  yards  from  the  bottom  of  the 
winding  shaft.  The  whole  colliery  is  naturally  drained,  and 
damp  throughout,  with  the  exception  of  one  small  district:  the 
small  coal  at  the  face,  when  pressed  in  the  hand,  adheres  together, 
and  the  bottom,  after  a  while,  forms  a  stiff  clay.  It  is  one  of 
the  coldest  collieries  known  in  this  country,  and  has  a  tempera- 
ture at  the  face  of  about  52°  Fahr.,  the  frequent  gob-fires  not 
making  the  pit  appreciably  warmer,  except  just  around  the  seat 
of  the  fire.  No  pyrite  whatever  is  present  in  the  seam.  In 
these  respects  the  conditions  differ  from  whaf  would  commonly 
be  expected  in  a  mine  liable  to  spontaneous  combustion.  The 
fires  were,  no  doubt,  due  to  the  oxidation  of  the  material  in  the 
gob — consisting  either  of  the  small  coal  mixed  with  the  rubbish, 
or  of  the  loose  dirt  or  shale  from  the  top  of  the  seam. 

"The  Prevention  of  Explosions  in  Mines,"  by  Dr.  John  Harger,  Trans. 
Inst.  M.  F...  1912,  vol.  xliii..  pages  132,  263,  and  550;  and  vol.  xliv..  pages  228 
and  454. 


184  Mills    ,,\    GOB-FIRES    AND    BLACKDAMP. 

The  seam  now  worked,  which  has  an  inclination  of  5  to  9 
inches  per  yard,  is  a  highly  bituminous  steam-coal,  •'!  to  5  feet  in 
i  hickness,  with  a  more  or  less  soft  shiny-black  shale,  6  to  18 
inches  in  thickness  on  the  top,  into  which  as  a  rule  the  men  hole. 
The  thickness  of  both  the  seam  and  the  immediately  overlying 
strata  is  variable,  and  small  faults  are  numerous,  especially 
near  the  outcrop;  it  w;is  extraordinary  to  get  a  length  of  face 
nf  "id  or  60  yards  without  some  sort  of  fault.  The  following 
are  three  sections  of  the  seam  and  the  immediately  overlying 
strata,  the  thickness  in  all  cases  varying  between  the  figures 
given  :  — 


Section  No.  1. 


Ft.    Ins.      Ft.   Ins. 


Sandstone   (main  roof)... 

Loose  dirt  or  shale         0     6  to  1     6 

Coal  '        4     0    „    5     0 


Section  No.  2. 


Ins.      Ft.   Ins. 


Sandstone   (main  roof)... 

Marly  shale  3  0  to  6     0 

Top  coal 0  6    „  0     9 

Loose  dirt  or  shale     ...         ...         ...         ...         ...  0  6,,  16 

Coal  3  0    „  5     0 


Section  No.  3. 


Ft.     Ins        Ft,    In* 


3 

0  to  10 

0 

1 

0    „    2 

0 

1 

0    ,.    3 

0 

0 

6    ..    0 

9 

0 

6    „    3 

0 

3 

0    ..    5 

0 

Sandstone   (main  roof)... 

Marly   shale        

Nodular  stone     ... 

Marly  shale         

Top  coal    ... 

Loose  dirt  or  shale 

Coal  

The  adit-level  is  continued  on  from  the  winding  shaft  as  a 
haulage-road,  with  self-acting  inclines  driven  to  the  full  rise. 
The  method  of  working  is  illustrated  by  Fig.  1  (Plate  II.).  It 
will  be  noticed  that  the  incline  is  shown  as  being  driven  in 
advance  of  the  general  line  of  face;  the  writer,  however,  altered 
this  method  and  brought  the  face  of  the  incline  into  a  proper 
Longwall  lace,  tor  reasons  stated  later  on.  Levels  were  driven 
about  every  60  yards  from  the  incline,  and  stalls  turned  oft.  up 
to  the  full  rise,  about  every  18  yards.  In  case  the  rubbish 
produced  was  qo1  sufficient,  wastes  were  methodically  formed  in 
the  gob,  in  order  to  keep  the  rubbish  compactly  under  the  roof. 
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Occurrence  of  Fires. — Heatings  and  fires  occurred  near  the 
face  in  every  part  of  the  mine,  at  distances  up  to  about  25  yards 
back  from  the  face.  The  actual  fires  did  not  form  perhaps  10  per 
cent,  of  the  heatings  which  were  observed,  but  did  not  develop 
into  fires. 

After  some  little  study,  the  writer  was  able  to  classify  roughly 
the  causes  favourable  to  spontaneous  combustion  under  the  fol- 
lowing heads : — 

(1)  Irregular  subsidence  of  the  roof,  due  to  (a)  the  varying 
strength  of  the  sandstone  main  roof,  or  (6)  faults,  the  gob  being 
thereby  left  uncompressed. 

(2)  The  tendency  of  the  air-current  to  short-circuit  through 
the  gob.  clue  to  (a)  the  method  of  working  some  particular  places, 
or  I  b)  falls  in  the  face. 

With  regard  to  the  irregular  subsidence  of  the  roof,  owing 
to  its  varying  strength,  the  roof  consists  of  a  massive  sandstone, 
50  to  60  yards  thick,  practically  without  bedding-planes  in 
the  lower  portion,  but  full  of  clay-  and  sand-joints.  The  roof 
is  very  difficult  to  control,  as  it  sometimes  subsides  fairly  evenly, 
but  at  other  times  breaks  down  very  erratically.  When  it  does 
not  subside  regularly,  so  as  to  compress  the  gob,  heatings  and 
incipient  fires  are  apt  to  occur  between  the  stall-roads.  The 
little  fires  were  generally  found  within  4  to  6  feet  of  the  side 
of  the  stall-roads,  facing  the  oncoming  air-current — that  is. 
they  would  be  found  on  the  left  side  of  the  stall-roads  shown 
in  Fig".  1  (Plate  II.),  and  generally  at  distances  varying  from 
12  to  18  yards  back  from  the  face,  being  rarely  found  nearer 
than  10  yards  or  further  than  25  yards.  The  rate  of  travel  of  the 
face  was  about  2\  yards  per  week,  and,  therefore,  about  seven 
weeks  were  required  to  heat  up  the  gob  sufficiently  to  form  a  fire. 
There  were  many  cases  of  slower  heatings,  but  in  these  the  roof 
subsided  and  compressed  the  gob  just  enough  to  prevent  the  air 
from  oozing  through  it  in  sufficient  quantity  to  cause  dangerous 
oxidation,  and  the  heating  gradually  subsided  ;  generally,  at  25 
yards  back  from  the  face,  the  gob  would  be  compressed  suffici- 
ently to  prevent  oxidation. 

The  presence  of  small  faults  was  favourable  to  fires  in  two 
ways  :  first,  by  causing  irregular  subsidence  of  the  roof,  thereby 
preventing  the  even  compression  of  the  gob,  and,  secondly,  in 
the  case  of  little  fires  (occasionally  found  close  to  the  faults)  as 
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follows  : — When  the  collier  casts  back  rubbish  into  the  gob,  he 
does  not  pack  it  against  the  fault — in  a  way  it  rolls  against  it, 
and,  in  consequence,  that  next  the  fault  lies  loosely,  and  the  air 
is  able  to  ooze  through  it  for  a  long  time,  thereby  causing  oxida- 
tion of  the  contiguous  fine  material.  That  this  was  so  proved 
to  be  the  case,  for  when  strict  watch  was  kept  and  the  colliers 
threw  only  fine  rubbish  against:  the  faults,  the  fault  Hips  soon 
ceased  to  occur. 

With  regard  to  the  tendency  of  the  air-current  to  short- 
circuit  through  the  gob,  due  to  the  method  of  working,  the  points 
A,  B,  B,  on  Fig.  1  (Plate  II.)  indicate  fires  due  to  the  method 
of  working  those  particular  places.  At  .4  the  incline  is  shown  in 
advance  of  the  general  line  of  face;  it  carried  on  a  width  of  face 
of  about  9  yards,  the  incline  road  being  carried  on  one  side  and 
a  little  airway  on  the  other,  with  4  or  5  yards  of  gob  between. 
It  was  almost  a  certainty  that  while  the  incline  was  being  driven 
up  a  length  of  60  yards  small  fires  would  occur  in  the  gob  between 
the  incline  and  its  airway.  It  is  apparent  that  at  all  times  the 
air  would  have  a  tendency  to  short-circuit  through  this  narrow 
strip  of  gob,  and  thus  cause  oxidation  and  fires. 

The  method  of  working  the  coal  in  the  incline  was  altered 
and  the  face  carried  on  truly  longwall,  and  when  this  was  done 
these  fires  ceased  to  occur.  At  the  points  B,  B,  the  gob  between 
the  roads  forms  an  acute  angle.  It  was  very  seldom  that  roads 
had  to  be  turned  off  in  this  way.  but  when  they  were  so  driven 
fires  were  certain  to  occur,  the  reason,  no  doubt,  being  that, 
owing  to  the  weak  corner,  the  gob  could  not  be  compressed 
properly,  and  oxidation  would  continue  until  it  reached  the  stage 
of  ignition.  As  demonstrating  that  the  fires  were  produced  as  the 
result  of  the  percolation  of  the  air  through  the  gob.  Fig.  2  (Plate 
II.)  is  submitted  to  illustrate  the  case  of  a  fire  which  occurred 
in  that  way.  The  road  A  was  the  intake,  and  had  been  driven 
for  60  or  70  yards  ;  while  the  coal  had  been  worked  to  the  fault 
shown,  and  J}  was  the  return  airway.  After  some  months,  it  was 
decided  to  drive  the  road  C,  in  order  to  test  the  fault,  and  as  this 
somewhat  released  the  compression  of  the  gob  above,  the  air 
oozed  through  to  the  return  and  produced  a  troublesome  fire — 
ahoiit  six  months  after  the  gob  had  been  formed.  In  no  case 
did  a  gob  so  old  as  this  take  fire,  unless  something  occurred 
which  facilitated  the  percolation  of  the  air  through  it  more 
freely  than  previously  was  the  case. 
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Falls  iii  the  face  had  the  effect  of  forcing  air  through  Hie 

gob.  and  unless  the  fall  was  cleared,  or  a  fresh  way  made  in  the 
face,  heating  and  perhaps  ignition  would  be  almost  certain  to 
ensue. 

I  hull  nij  with  Fires. — The  author  does  not  advance  any  fixed 
rules  for  dealing'  with  gob-fires,  as  each  has  to  be  dealt  with 
according  to  circumstances ;  but,  generally  speaking,  in  longwall 
workings  the  burning  material  has  to  be  got  at,  cooled,  and  filled 
out.  At  Lydbrook  Colliery  it  was  out  of  the  question  to  fill  out 
the  gob-material  when  heating  was  first  noticed,  as  the  r.^s 
were  very  numerous.  The  great  majority  of  the  heatings  after- 
wards cooled  gradually  and  died  out  of  themselves,  the  only 
assistance  being  from  the  natural  subsidence  of  the  roof. 

In  one  district  where  the  conditions  were  favourable,  several 
fires  which  had  broken  out  were  extinguished  by  sealing  the 
district  off,  and  the  blackdamp  which  was  abundantly  produced 
in  the  mine — quite  apart  from  spontaneous  combustion — soon  put 
the  fire  out. 

In  the  case  of  one  serious  fire,  which  was,  for  some  time, 
fought  ineffectually,  the  district  was  sealed  off.  and  the  fire  was 
extinct  in  about  a  week.  When,  however,  the  ventilation  was 
restored  at  the  end  of  another  week,  the  fire  began  again  in 
about  twelve  hours,  but  was  successfully  got  under  by  filling-  in 
with  rubbish,  the  circumstances  being  favourable  to  that  method. 

Fires  under  Falls  of  Roof. — In  mines  liable  to  spontaneous 
combustion,  even  with  the  best  supervision  fires  will  sometimes 
break  out  into  the  roads,  the  timber  supports  will  be  burnt  away, 
and  may  continue  burning  or  smouldering  under  the  fallen  debris. 
If  a  length  of  road  has  fallen  in,  the  ventilation  will  probably  be 
checked,  and  the  fumes  may  prevent  the  clearing-away  of  the 
fall,  unless  the  work  can  be  done  very  quickly,  as  the  combustion 
will  gain  in  intensity.  In  the  case  of  a  considerable  fall,  it  is 
evident  that  the  clearing  could  not  be  effected  in  time  to  prevent 
the  spread  of  the  fire.  The  writer  has  had  experience  of 
such  a  fire,  and  found  that  an  arrangement  of  pipes  as  shown  on 
Fig.  3  (Plate  II.)  was  of  inestimable  benefit.  The  debris  lay 
to  a  depth  of  about  12  feet  on  top  of  the  smouldering  timber,  and 
the  fire  was  also  continuing  in  front.  A  length  of  roadway  had 
fallen,    leaving    a   cavity   under  the   remaining   roof;   this   was 
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enlarged,  and  a  small  roadway  made  over  the  top  of  the  fall, 
up  to  which  point  a  2-inch  water-pipe  was  led.  To  this  pipe 
was  attached  a  length  of  f-inch  flexible  hose,  and  the  fire  in 
front  played  upon  ;  a  length  of  15  to  18  feet  of  flexible  hose  can 
easily  be  handled.  In  one  instance,  a  length  of  about  40  feet 
of  A-inch  pipe  was  attached  in  front  of  the  flexible  hose  for 
linking  through  the  loose  debris  in  front  and  so  reach  the  fire, 
which  could  not  have  been  got  at  otherwise.  In  fires  of  this  sort 
flexible  hose,  capable  of  easy  movement,  must  be  employed,  so 
thai  the  fire  may  be  played  upon  at  any  desired  point.  To  get  at 
the  tire  underneath  the  debris,  short  pieces  of  1-inch  steel  pipe 
were  screwed  together,  having  a  point  as  shown  in  Fig.  4  (Plate 
II.),  and  driven  through  the  deb/is  (Fig.  3,  Plate  II.)  on  to 
the  smouldering  timber,  a  flexible  hose  from  the  main  water-pipe 
then  being  attached.  When  dealing  with  fires  of  this  nature, 
it  is  not  the  quantity  of  water  delivered  which  tells,  but  the 
amount  which  actually  reaches  the  burning  material.  When  the 
water  is  forced  on  to  "  the  spot,"  it  is  surprising  how  small  a 
quantity  will  suffice  to  put  a  fire  out  and  keep  it  from  recurring. 
After  a  pipe  has  been  driven  through  the  debris  and  the  fire  put 
out  at  that  spot,  it  is  advisable  to  leave  the  pipe  there,  and  to 
use  a  fresh  one  at  the  next  place,  for  it  is  astonishing  how  fires 
under  falls  burst  out  again  and  again  after  they  have  apparently 
been  extinguished,  the  reason  being  that  it  is  almost  impossible 
for  the  water  to  reach  every  glowing  ember  in  such  circurn- 
stances. 

It  is,  of  course,  evident  that  the  nature  of  the  fallen  debris 
may  prevent  pipes  as  described  from  being  driven  through  it, 
but  if  in  the  form  of  hollow  steel  rods- — somewhat  similar  to  the 
rods  of  the  Burnside  boring  apparatus — say,  1  inch  in  diameter 
wit  h  a  f-inch  hole,  screwed  together  with  flush-butted  joints,  and 
provided  with  a  cast-steel  point  (Fig.  5,  Plate  II.),  they  could 
be  driven  through  very  rough  material.  The  outlet-holes  should 
slant  inwards  towards  the  point,  so  as  to  prevent  them  from 
becoming  stopped  up  when  the  pipe  is  being  driven  in. 

This  arrangement  can  also  be  utilized  for  dealing  with  smould- 
ering tiies  in  the  gob  at  the  sides  of  roads,  before  they  break 
out  :  ;i  little  water  forced  in  with  a  small  hand-pump  might  put 
out  ;i  tire  without  any  trouble  whatever  from  smoke.  The  pipe,  in 
fact,  can  be  used  to  search  for  fire  in  the  gob.     In  places  where 
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coal-pillars  at  the  sides  of  roads  are  liable  to  spontaneous  com- 
bustion, if  short  bore  holes  were  put  in  to  reach  the  cracks,  and 
a  pipe  inserted  and  plugged  in  the  hole,  a  little  water  forced  in 
would  soon  extinguish  the  fire  without  disturbing  the  road;  and 
it  tine  clay  or  such  like  material  were  to  be  mixed  with  the  water 
pumped  in,  it  might  fill  up  the  cracks  and  so  prevent  further 
tires  at  that  spot.  The  writer  has  had  an  experience  of  fire  in 
cracks  in  a  coal-pillar  that  was  easily  put  out  without  disturbing 
the  coal,  which  in  that  case  was  a  valuable  consideration,  as  the 
roof  was  very  friable,  and  would  very  likely  have  fallen  if  the 
coal   had  been  disturbed. 

The  Effect  of  Forced  Ventilation  on  the  Issue  of  Blackdamp. 
— Lydbrook  Colliery  has  been  worked  through  to  several  old 
abandoned  mines,  and  is  thus  in  direct  communication  with 
many  hundred  acres  of  old  workings,  possessing  numerous  and 
more  or  less  open  old  roads.  At  times  of  a  sudden  drop  in  the 
barometer  a  flow  of  blackdamp  might  come  from  these  old  work- 
ings, materially  affecting  the  fire  in  the  ventilating  furnace,  and 
as  the  workings  extended  towards  further  old  workings,  the  dan- 
ger would  increase.  After  consideration,  it  was  decided  to  install 
a  forcing  fan,  as  the  writer  had  the  idea  that  the  increased  pres- 
sure would  tend  to  prevent  the  inflow  of  blackdamp,  and  that 
this  was  the  more  likely  to  take  place  on  account  of  some  of  the 
old  workings  being  worked  out  to  the  surface.  A  centrifugal 
forcing  fan,  capable  of  circulating  about  30  per  cent,  more  air 
than  the  furnace,  was  installed  at  the  top  of  the  winding  shaft, 
and  was  so  effective  as  to  stop  altogether  the  inflow  of  blackdamp. 
It  was  not  found  necessary  to  run  the  fan  up  to  its  full  speed, 
because  with  the  same  amount  of  air  going  in  as  was  produced 
by  the  furnace,  the  colliery  was  much  better  ventilated. 

The  Use  of  Acetylene-lamps  in  Blackdamp. — Considerable 
interest  has  been  aroused  by  Dr.  Harger's  proposal  to  charge  the 
ventilating  current  of  a  mine  with  carbon  dioxide  as  a  means  of 
preventing  explosions.  The  writer,  unfortunately,  has  had  an 
experience  of  working  in  blackdamp  with  the  aid  of  acetylene- 
lamps,  which  in  some  respects  goes  far  to  prove  the  correctness 
of  some  of  Dr.  Harger's  conclusions.  The  adit-level  was  the 
return  airway  of  the  colliery  and  also  the  drainage-level,  with 
the  result  that  a  considerable  quantity  of  water  ran  out  through 
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it.      A    fall    occurred    about    TOO    yards   from    its    mouth,    which 
banked   up  the  water  and   completely  stopped  the   ventilation. 
There  was  a  small  shaft  about  250  yards  from  the  mouth  of  the 
adit-level,  the  distance  from  this  shaft  to  the  fall  being  about  450 
yards.      It  was  found  impossible  to  carry  ordinary  naked  lights 
nearer  than  about  100  yards  from  the  fall,  but  an  acetylene-lamp 
burnt  without  trouble.     After  it  had  been  made  certain  that  the 
blackdamp  had  no  appreciable  effect  on  the  men,  several  work- 
men, using  acetylene-lamps,  were  sent  in  to  clear  away  the  fall, 
and  work  proceeded  without  interruption  in  relays.       The  black- 
damp  gradually  gained  until,  after  the  second  day,  a  naked  light 
was   extinguished  5   yards    inside   the   small   shaft,   but  the  gas 
appeared  to  have  no  ill  effects  upon  the  men,  although  they  had 
to     walk     over    a     quarter-of-a-rnile     to    the    fall    through    an 
atmosphere  in  which  a  match  could  not  be  struck.  The  acetylene- 
lamps  also  burnt  as  well  as  ever,  and  the  men  were  able  to  work 
an  8-hour  shift.      The  atmosphere  gradually  became  worse  until, 
on  the  fifth  day,  the  acetylene-lamps  burnt  very  dimly,  and  even 
when  a  larger  flame  was  produced  gave  out  very  little  light.     At 
this  stage  some  of  the  men  complained  of  headache,   although 
m  hers  did  not  feel  any  inconvenience,  but  all  breathed  heavily. 
Later  on,  the  acetylene-lamps  began  to  go  out,  though  placed  so 
as  to  be  quite  steady,  and  most  of  the  men  suffered  from  headache 
and'  smarting  of  the  eyes,  talked  rather  thickly,  were  somewhat 
unsteady,  and  could  not  do  any  hard  work.       So  long,  however, 
as  the  acetylene-lamps  continued  to  burn  at  all,  the  men  were 
quite  capable   of  looking  after  themselves.       At  this,  stage,   it 
was  interesting  to  watch   the  behaviour  of  the  acetylene-lamps: 
even    when    increased    in    size,   the   flame,    w7hich   had    a    bluish 
colour,    gave   very    little     light;     it     stood     at     some     distance, 
perhaps    2     inches,     above    the    burner,     went    up    and   down, 
and   seemed  to  hunt  about  for  air  before   it   finally  went  out. 
Even  at  this  extreme  stage  the  writer  did  not  feel  much  ill  effect, 
with   the  exception  of  a  slight  headache,  smarting  of  the  eyes, 
and  a  little  deafness.     Although  the  atmosphere  was  now  such 
that   the  acetylene-lamps  would  not  burn,*  the  writer  remained 
fur  about  half-an-hour  in  the  blackdamp,   in  order  to  find  out 

*  According  to  Dr.  Harger,  an  acetylene-flame  will  go  out  when  the  per- 
centage  of  oxygen  left  in  the  air  has  been  reduced  to  9-5  (see  Trans.  Inst.  M.  E., 
1912,  vol.  xliii.,  page  132). 
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what  the  effects  would  be.  Deafness  became  more  pronounced, 
the  limbs  did  not  seem  to  respond  to  the  will,  and,  on  moving 
about,  his  legs  seemed  to  go  wherever  they  pleased:  this  was 
after  five  days'  almost  continuous  living  in  the  blackdamp.  The 
ill-effects  disappeared  very  soon  after  getting  into  fresh  air. 

(rob-tires  could  not  possibly  exist  in  the  atmosphere  prevail- 
ing during    this    period,    and    explosions    certainly    could    not 
happen,   even  if  firedamp  had  been  present.        This   experience 
goes  far  to  prove  Dr.  Harger's  contention — that  men  can  with 
impunity  breathe  an   atmosphere   which  will   not  support  com- 
bustion.     The  author   is  firmly  of  the  opinion  that  men  could 
remain,  without  the  least  danger  to  themselves,  in  an  atmosphere 
charged  with  blackdamp,  so  long  as  acetylene-lamps  continued 
to  burn.      Experiments  dealing  with   this  question  might,   with 
advantage,  be  carried  out  at  Eskmeals;  the  proper  amount  of 
carbon  dioxide  which  would  have  to  be  added  to  ordinary  air  to 
extinguish   fires  could  be  ascertained,    and    the    effect    of    this 
atmosphere  on  men  could  be  noted.      If  the  gallery  were  to  be 
charged  with  firedamp  at  its  most  explosive  point,  and  then  the 
proper  quantity  of  carbon  dioxide  added,  men  could  enter  the 
gallery  with  naked  acetylene-lamps  with  absolute  safety.     The 
result  of  such  experiments  might  prove  of  inestimable  value  in 
the  recovery   of  mines  after   fires  or   explosions.     It  might   be 
possible  to  carry  liquid  carbon  dioxide  to  an  affected  district  and 
to  charge  the  air  with  the  amount  required  to  put  out  any  fires, 
without  the  least  danger  to  any  men  who  might  be  imprisoned, 
and  rescue-work  might  be  carried  on  much  more  effectively  than 
is  possible  at  present. 


Dr.  John  Harger  (Liverpool  University)  wrote,  that  it  was 
rather  remarkable  that  one  should  get  fires  in  so  cold  and  damp 
a  colliery,  and  with  such  small  seams  of  coal,  all  of  which  was, 
no  doubt,  removed,  with  the  exception  of  the  top  coal.  6  to  9 
inches  in  thickness.  The  numerous  faults,  as  Mr.  Morris  had 
stated,  were  no  doubt  the  chief  cause.  The  loose  shale-dirt  and 
top  coal  must  be  very  readily  oxidized,  unless  this  was  thrown  in 
heaps  in  some  places  and  not  in  others.  Mr.  Morris's  observa- 
tions as  to  the  rubbish,  so  to  speak,  rolling  and  lying  loosely  next 
the  fault  were  very  valuable,  as  pointing  out  what  ought  not  to 
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lie  done,  and  no  doubt  this  would  lead  to  changes  in  working-  and 
the  avoidance  of  many  heating's. 

His  (Mr.  Morris's)  method  of  tackling  a  fire  in  a  coal-pillar 
which  it  was  undesirable  to  remove,  appeared  to  be  very  good, 
and  the  process  of  pumping  in  a  mixture  of  clay  and  water 
could  hardly  be  improved  upon 

The  facts  about  fires  which  had  been  put  out  springing 
into  life  again  very  readily  were,  of  course,  well  known.  Coal 
which  had  fired  and  been  artificially  cooled  was  more  likely  to 
heat  up  again  than  the  original  coal ;  this  fact  had  been  frequently 
proved,  and  he  (Dr.  Harger)  did  not  think  that  Mr.  Morris's 
explanation  of  some  glowing  embers  having  been  overlooked 
was  necessarily  the  correct  one.  because  such  re-heatings  had 
been  observed  in  experiments  where  there  was  no  such  possibility. 

Mr.  Morris's  account  of  the  behaviour  of  the  acetylene-flame  in 
the  presence  of  blackdamp  was  very  interesting ;  the  separation 
of  the  flame  from  the  jet.  etc.,  was  described  in  his  (Dr.  Harger's) 
paper  on  "  The  Prevention  of  Explosions  in  Mines,''  to  which  Mr. 
Morris  had  referred.  It  was  there  stated  that  the  flame  left  the 
jet  when  the  percentage  of  oxygen  became  reduced  to  1T2,  and 
he  (Dr.  Harger)  believed  that  he  was  the  first  to  observe  and 
describe  this  phenomenon.  A  jet  of  sulphuretted  hydrogen  and 
some  varieties  of  coal-gas  behaved  in  a  similar  way ;  methane  also 
showed  a  like  peculiarity,  but  the  flame  soon  went  out. 

Mr.  Morris's  experiences  proved  how  valuable  was  the  acety- 
lene-lamp, as  it  allowed  of  essential  work  being  carried  out  so 
long  as  there  was  sufficient  oxygen  present  for  it  to  burn.  The 
pity  was  that  the  acetylene  safety-lamps  were  not  better:  those 
that  he  had  seen  could  not  be  recommended ;  they  went  out  too 
easily,  and  there  was  very  distinct  danger  in  re-lighting  them 
in  the  presence  of  gas  by  an  internal-ignition  method.  Without 
many  more  experiments  acetylene  safety-lamps  should  not  be 
used  at  all  where  there  was  a  chance  of  more  than  5  per  cent,  of 
gas  mixed  with  plenty  of  oxygen  being  present.  It  was  rather 
interesting  to  note  how  some  observers  had  put  the  extinction- 
point  of  acetylene  at  about  11  to  1T5  per  cent,  of  oxygen;  the 
flame  apparently  went  out  at  this  percentage,  but  as  a  matter  of 
fact  it  was  really  floating  in  the  lamp,  hidden  away  in  the  gauzes 
jusl   above  I  lie  glass. 

Some  of  the  effects  of  blackdamp,  such   as  slight  headache, 


DISCUSSION — NOTES     ON     GOB-FIBES    AM)     BLACKDAMP.  19:'> 

etc.  were  perhaps  clue  to  traces  of  carbon  monoxide,  or  minute 
traces  of  sulphuretted  hydrogen;  but  the  deep  breathing  and 
panting  would  be  due  to  carbon  dioxide,  and  later  on,  when  the 
air  contained  less  than  14  per  cent,  of  oxygen,  lack  of  oxygen 
would  also  be  an  essential  factor. 

He  was  not  aware  of  any  definite  work  dealing'  with  the  effect 
of  reduced  oxygen  either  in  the  presence  of  or  in  the  absence  of 
carbon  dioxide,  but  it  seemed  to  him  that  the  presence  of  carbon 
dioxide  should  enable  a  man  to  breathe,  with  impunity,  air 
which  had,  say,  9  per  cent,  of  oxygen,  and  even  much  less  ; 
whereas,  in  the  absence  of  carbon  dioxide,  it  was  very  risky, 
and  at  7  percent.,  even  at  rest,  fatal.  Perhaps  some  authority 
on  respiration  like  Dr.  Leonard  Hill,  who  had  worked  at  that 
problem  all  his  life,  would  supply  the  information.  In  some 
places  in  mines,  after  working  a  shift,  the  men  had  complained 
of  headache ;  he  had  tested  the  air,  and  in  every  such  case  had 
found  snlall  traces  of  carbon  monoxide. 

He  would  like  to  ask  Mr.  Morris  whether  the  coal  was  re- 
moved by  shots,  and,  if  so,  what  kind  of  explosive  was  used; 
the  number  of  shots  fired ;  also  what  weight  of  explosive  was  used 
per  ton  of  coal  at  the  face,  and  for  ripping  the  roads,  etc.  He 
would  also  like  to  know  whether  any  samples  of  the  air  were 
taken  where  the  acetylene-lamps  went  out,  and,  if  so,  the 
analyses;  also,  if  available,  the  wet-and-dry-bulb  temperatures 
in  the  same  atmosphere. 

There  was  one  point  that  he  would  like  to  make  in  connexion 
with  the  paper,  namely,  as  to  taking  liquid  carbonic  acid 
into  places  in  mines,  and  treating  the  air,  etc.,  there  with 
it.  This  was  not  by  any  means  the  best  way,  although  at  present 
it  was  the  only  method  that  could  be  attempted  on  the  spur  of 
the  moment.  He  would  suggest  that  a  station  at  which  oxygen 
recovery-apparatus  was  kept  might  be  provided  with  a  machine 
for  making  liquid  oxygen  and  liquid  nitrogen  too,  the  liquid 
nitrogen  to  be  used  instead  of  the  carbonic  acid  in  the  cases 
mentioned  by  Mr.  Morris.  There  was  a  still  better  method  which 
he  was  working  out,  and  hoped  to  get  perfected  in  the  course  of 
a  few  weeks;  but  he  still  had  several  stiff  obstacles  to  overcome. 

Prof.  Fraxk  Clowes  (London)  wrote  that  in  papers  by  him- 
self which  had  already  appeared  in  the  Transactions,  and  also  in 
his  book  entitled  The  Detection  and  Estimation  of  Inflammable 
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(i<i.<  a nd  Vapour  in  the  Air,  he  had  given  the  proportion  of 
oxygen  in  air  which  acted  extinctively  on  different  flames,  and 
had  therefore  read  with  great  interest  Mr.  Morris's  description 
of  his  experiences  with  acetylene-lamps.  On  scientific  grounds 
these  results  could  have  been  predicted,  since  acetylene  required 
much  less  oxygen  for  its  combustion  than  oil :  but  the  practical 
discovery  of  this  fact  in  the  mine  and  its  very  obvious  application 
would  no  doubt  appeal  to  all  who  were  interested  in  this  most 
important  question.  It  would  appear  that  a  man  might  continue 
his  work  safely  in  a  blackdamp  atmosphere,  so  long  a-  lie  con- 
tinued to  receive  the  necessary  illumination  from  his  acetylene- 
lamp. 

When  he  was  working  in  the  laboratory  and  in  the  coal-mine 
with  a  hydrogen-flame,  in  connexion  with  the  detection  and 
measurement  of  firedamp,  it  had  been  frequently  forced  upon 
him  how  resistent  the  hydrogen-flame  was  to  extinction  by  de- 
ficiency of  oxygen  in  the  surrounding  air.  The  hydrogen-flame 
remained  burning  long  after  all  oil-flames  were  extinguished,  and 
would  undoubtedly  continue  to  burn  in  atmospheres  whose 
oxygen  deficiency  extinguished  acetylene-flames. 

When  using  his  hydrogen-oil  safety-lamp.  Prof.  H.  B.  Dixon 
had  carried  his  flame  through  a  bad  place  in  a  mine  caused  by  an 
explosion,  by  the  simple  means  of  burning  both  the  hydrogen  and 
the  oil-flame;  all  other  members  of  his  party  lost  their  flames. 
It  would,  however,  certainly  not  be  safe  to  continue  working  in 
an  atmosphere  in  which  the  hydrogen-flame  was  near  extinction. 

The  relative  resistance  to  extinction  of  the  hydrogen-flame 
and  the  acetylene-flame  was  shown  by  the  relative  amounts  of 
oxygen  required  for  their  combustion:  for  hydrogen  it  was  0'5, 
and   for  acetylene.  2'5,   or  five  times  as  much. 

On  the  motion  of  the  President  (Mr.  TV.  C.  Blackett),  a 
hearty  vote  of  thanks  was  accorded  to  Mr.  Morris  for  his  paper. 


Mr.  Leo  Dohey  Ford's  paper  on  "  A  Westphalian  Bye- 
producf  Coking-plani  which  also  Supplies  Town-gas"  was  taken 
as  read,  as  follows  :  — 
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A   YYKSTPHALIAN    BYE-PRODUCT   COKING-PLANT 
WHICH  ALSO  SUPPLIES  TOWN-GAS. 


By  LEO  DORKY  FORD. 


Introduction. — In  England  within  past  years  the  question  of 
the  abolition  of  the  present  candle-power  standard  for  illumin- 
ating or  domestic  gas  has  been  much  discussed.  Definite  steps 
have  at  length  been  taken,  and  it  seems  probable  that  a  more 
rational  and  practical  standard,  based  on  the  heating  or  calorific 
value  of  the  gas,  will  shortly  be  adopted,  possibly  universally. 
Should  this  be  so,  colliery  companies  will  be  given  a  greater 
opportunity  for  employing  the  surplus  gas  from  their  bye-pro- 
duct coke-ovens  for  illuminating  and  household  purposes.  A 
brief  description  of  a  modern  plant  which  the  writer  has  had  the 
opportunity  of  visiting  in  Germany  may,  therefore,  be  of 
interest. 

This  plant,  which  was  elected  in  1909,  in  addition  to  feeding 
the  boilers  and  gas-engines  and  making  the  usual  bye-products , 
supplies  an  entire  Westphalian  town  of  close  on  140,000  inhabi- 
tant? with  illuminating  gas.  A  feature  of  interest  is  that  the 
tar  and  ammonia  are  extracted  from  the  gases  while  these  are 
still,  comparatively  speaking,  hot,  by  means  of  what  is  known  as 
the  Otto   "  direct  "  process. 

The  first  direct  process  was  introduced  into  Dortmund  in 
1900  by  Franz  Briinck,  but  was  never  very  successful,  owing 
to  the  large  quantity  of  tar  that  found  its  way  into  the  saturator 
bath.  This  attempt  was  followed  by  the  successful  introduction, 
by  Koppers,  into  Germany  and  England  of  a  half-direct  process, 
a  description  of  which  has  already  appeared  in  the  Transactions* 

The  essential  difference  between  the  Koppers  and  the  old 
indirect  system  lies  in  the  means  employed  to  recover  the 
ammonia  from  the  gas.     Briefly,  the  hot  gas  from  the  ovens  is 

*  "The  Recovery  of  Bye-produuts  from  the  Distillation  of  Coal,  with 
Special  Reference  to  the  Koppers  New  Process,"  by  A.  Victor  Kochs,  Trans. 
Inst.   M.   £'.,   1908,   vol.  xxxvi.,  page  326. 
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first  drawn  through  the  tubes  of  a  preliminary  multitubular 
cooler,  and  then  through  water-coolers  of  multitubular  type.  In 
these  the  temperature  of  the  gas  is  reduced  to  about  20°  Cent. 
(68°  Fahr.),  and  the  bulk  of  the  tar  and  ammoniacal  water- 
vapours  condensed  out.  After  leaving  the  coolers,  the  gas  is 
drawn  through  an  exhauster  and  then  forced  through  a  tar- 
extractor  of  the  Pelouze  type,  which  removes  the  remainder  of 
the  tar.  The  products  of  condensation  from  the  coolers  and  the 
tar-extractor  flow  to  a  separating  tank,  in  which  the  tar  and 
ammoniacal  water  are  separated  by  the  difference  in  their  specific 
gravity,  the  ammoniacal  liquor  being  afterwards  distilled  in 
lime-water  stills,  and  the  free  ammonia  vapour  returned  to  the 
partly  purified  gas  before  it  enters  the  saturator.  After  leaving 
the  tar-extractor,  the  gas  is  again  passed  through  the  prelimin- 
ary multitubular  cooler,  but  this  time  in  the  contrary  direction, 
between,  and  not  through,  the  pipes.  The  raw  gas  is  thus 
utilized  to  superheat  the  partly  purified  gas,  which  then  goes 
through  a  steam  superheater,  where  its  temperature  is  raised  to 
about  70°  Cent.  (158°  Fahr.).  From  the  superheater  the  gas 
passes  directly  into  a  totally-closed  saturator,  containing  dilute 
sulphuric  acid,  where  the  ammonia  combines  with  the  acid  and 
forms  ammonium  sulphate.  The  gas  on  leaving  the  saturator 
has  again  to  be  cooled  down  in  water-coolers  to  at  least  25°  to 
30°  Cent.  (77°  or  86°  Fahr.)  before  it  can  be  economically 
treated  in  the  benzol  scrubbers. 

The  Otto  direct  process,  although  very  similar  to  the  Kop- 
pers,  is  yet  quite  distinct,  and  decidedly  simpler,  more  compact, 
and  less  costly.  Its  chief  advantages,  however,  lie  in  the  very 
considerable  saving  in  steam  and  in  the  quantity  of  water  neces- 
sary for  cooling  and  for  ammoniacal-liquor  distillation,  and  in 
the  great  reduction  in  the  quantity  of  evil  and  troublesome 
waste-water,  tin-  getting  rid  of  which  has  caused  in  the  past,  and 
is  still  causing,  so  much  trouble  and  expense. 

Coke-ovens.-  The  coke-ovens  consist  of  two  batteries  of  fifty 
ovens  each,  of  the  Otto-Hilgenstock  under-burning  regenerative 
type.  The  oven-chambers  ate  :>-">  feet  (10  metres)  long,  7  feet 
(210  metres)  high,  and  have  a  width  of  17£  inches  (-15  centi- 
metres) at  the  pushing-engine  side  and  of  21J  inches  (55 
centimetres)  at  the  discharging  side.  The  charge  of  an  oven  is 
8  tons  of  uncompressed  small  coal,  which  is  hand-filled  through 
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through  three  charging-holes,   the  coal   being  brought   in  1-ton 
tubs  from  a  central  hopper  situated  between  the  two  batteries. 

For  the  heating  of  the  ovens,  the  gas  from  the  bye-product 
plant  is  conveyed  through  a  central  main  running  underneath 
the  entire  battery,  two  small  branch-pipes  being  taken  off  the 
main  directly  under  the  walls  of  each  oven,  and  connected  to 
nine  Bunsen  burners  which  burn  in  vertical  flues  in  each  wall. 
Each  wall  is  divided  into  nine  separate  vertical  flues,  each  of 
which  is  divided  some  distance  above  the  nine  burners  into  two 
smaller  flues.  The  eighteen  main  flues  are  grouped  in  four 
sections,  the  hist  ami  third  of  which  communicate  through 
the  second  and  fourth  with  a  regenerator-fiue  by  way  of  small 
openings  leading  into  a  horizontal  flue  running  under  half  of 
the  sole  of,  say,  the  left-hand  oven.  The  second  and  fourth 
sections  communicate  in  their  turn  through  the  hist  and  third 
sections  with  another  regenerator  flue  by  way  of  small  openings 
leading  into  a  horizontal  flue  running  under  half  of  the  sole  of 
the  light-hand  oven.  These  ways  form  alternately  the  burnt- 
gas  outlets  and  the  hot-air  inlets,  according  to  which  set  of 
burners  is  in  use. 

The  ovens  change  over  every  half-hour.     Taking  one  wall, 
for  the  first  half-hour  the  burners  in  the  first  and  third  sections 
•only  are  alight,  and  the  burnt  gases,  after  rising  to  the  top  of 
the  wall,   descend  by  the   dead  flues  in   the   second   and   fourth 
sections  respectively,  pass  out   through  the  small  openings  into 
the   Hue   under  half   of  the  sole  of  the  left-hand   oven,    and   so 
into  the  dead  regenerator-flue  and  up  the  chimney.        The  hot 
air  for  the  ignition  conies  to  the  burnei\s  of  the  first  and  third 
■sections  from  the  live  regenerator  flue  on  the  other  side  of  the 
battery,   by  way  of  the  flue  under  the  half  of  the  sole  of  the 
right-hand  oven  with  which  these  sections  are  in  communication. 
At  the  end  of  half-an-hour  the   burners  in  the  first  and  third 
sections  are  extinguished  by  cutting  off  the  gas  and  air,  which 
are  then    admitted    to    the    burners    of   the    second    and    fourth 
s<  ctions.       The  burnt  gases,  after  ascending  the  flues  of  these 
sections,  descend  the  flues  of  the  first  and  third  sections  respec- 
tively, and  go  to  the  regenerator-flue  by  what  was  the  air-inlet 
passage  for  the  first  half-hour.        The  air  for  ignition  is  now 
admitted  from  the  hot  regenerator  by  what  was  iu  the  first  half- 
hour  the  burnt-gas  outlet. 
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The  two  regenerator-flues  are  connected  by  a  common  way  to- 
the  waste-gas  chimney,  and  at  their  junction  is  a  two-way  valve, 
which  allows  of  the  closing  or  opening  of  either  way  at  will,  this 
automatically  opening  or  closing  the  other  way. 

The  air  burned  with  the  gas  is  taken  from  the  passage-ways 
under  the  ovens,  and  is  regulated  by  means  of  sliding  shutters 
placed  along  the  side  of  the  passages. 

The  gas-taps  of  the  small  branch-pipes,  and  also  the  air- 
shutters,  are  all  connected,  and  are  opened  or  closed  together. 
The  changing  over  of  the  ovens  can  thus  be  effected  in  a  few 
moments. 

The  time  taken  for  coking  varies  from  28  to  29  hours,  each 
oven  giving  a  75-per-cent.  yield,  or  G  tons  of  good  hard  coke.  Of 
the  fifty  ovens  in  each  battery,  forty-two  are  discharged  in  24 
hours,  and  give  an  output  of  about  500  tons  of  coke  per  day. 

The  yield  of  gas  may  be  reckoned  as  11.300'  cubic  feet  (320 
cubic  metres)  per  ton  of  dry  coke,  or  some  5,651,000  cubic  feet 
(160,000  cubic  metres)  per  24  hours.  Of  the  total  gas,  50  per 
cent,  is  burned  under  the  coke-ovens,  the  surplus  being  divided 
in  the  following  rough  proportion: —  Illuminating-gas,  12  to  20- 
per  cent.  ;  power-gas,  12  to  18  per  cent.  ;  and  gas  for  heating 
boilers,  15  to  25  per  cent.  These  figures,  of  course,  vary  con- 
siderably according  to  temporary  requirements. 

The  town-gas  is  supplied  from  one  battery  only,  and,  in  order 
to  ensure  good  gas  of  constant  and  suitable  quality,  the  following" 
arrangement  has  been  adopted  : — Each  oven  is  provided  with  an 
ascension  or  drawing-ofj  pipe,  fitted  with  a  two-way  valve,  each 
way  being  connected,  respectively,  with  one  of  two  separate  col- 
lecting-mains, one  for  ordinary  or  working-gas  and  one  for 
town-gas.  It  is  possible  in  this  way  to  connect  at  will  any  oven 
in  the  battery  with  either  collecting-main.  "When  an  oven  has 
been  filled,  it  is  first  coupled  to  the  working-gas  collecting-main, 
which  takes  the  products  of  distillation  until  the  end  of  the  second 
or  third  hour,  after  which  the  gas  is  switched  over  into  the  town- 
gas  collecting-main,  which  draws  the  gas  until  the  end  of  the 
twenty-second  or  twenty-third  hour,  when  the  gas  is  again  taken 
by  the  working-gas  collecting-main,  until  the  coking  is  com- 
plete. Generally  speaking,  there  are  twenty  to  twenty-five  ovens 
giving  town-gas  at  one  time,  the  number  depending,  of  course, 
on  the  requirements  at  any  particular  time  or  season.     With  the- 
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present   arrangement,   the   largest   number   of  ovens  capable  of 
giving'  illuminating-gas  at  one  time  would  be  thirty. 

The  gas  from  the  second  battery  is  used  entirely  for  working 
purposes,  that  is,  for  the  bye-product  plant,  for  burning  under 
the  ovens  and  in  the  boilers,  and  for  driving  gas-engines,  and 
needs  only  one  collecting-main. 

The  town-gas  and  working-gas  are  thus  entirely  separate, 
and  require  separate  apparatus.  They  will,  therefore,  be  dealt 
with,  in  so  far  as  description  is  concerned,  as  two  separate  plants, 
namely,  the  illuminating-gas  plant  and  the  working-gas  plant.. 
Fig.  1  (Plate  III.)  is  a  diagrammatic  reference-plan  of  the  entire 
plant. 

Lighting-gas  Plant:  (a)  Treatment  of  the  Gas. — The  gas 
passes  from  the  coke-ovens  into  the  collecting-main,  and  here 
the  temperature  drops  to  about  180°  to  200°  Cent.  (356°  to  392° 
Fahr.),  this  reduction  in  temperature  causing  a  condensation  of 
the  highest  boiling-point  tar-vapours.  The  gas  then  passes 
along  a  main  20  inches  (500  millimetres)  in  diameter,  which 
rises  slightly  until  it  reaches  the  tar-separator  and  saturator- 
house.  The  thick  fluid  deposited  in  the  collecting-  and  gas- 
mains  is  diluted  with  a  small  amount  of  good  tar,  which  is 
pumped  into  the  gas-main  at  its  highest  point  of  elevation.  This 
dilution  is  sufficient  to  cause  the  mixed  fluid  to  flow  easily  down 
the  gas-main  in  a  direction  contrary  to  the  gases,  then  along  the 
collecting-main,  and  thence  by  a  pipe  into  the  main  tar-tank. 

The  collecting-  and  gas-mains  require  to  be  periodically 
cleaned  and  scraped,  in  order  to  prevent  the  formation  of  thick 
tar-and-dust  obstructions.  This  operation  is  performed  by 
means  of  a  scraper-bar  inserted  through  holes  provided  with 
slotted  rotary  ball-caps  and  placed  every  few  feet  apart  along 
the  mains. 

On  reaching  the  tar-separator,  the  gas  has  an  average  tem- 
perature of  85°  Cent.  (185°  Fahr.).  The  separator  is  simply  a 
horizontal  cylinder  or  receiver,  into  which  the  gas  is  made  to 
enter  through  one  or  more  inlets,  as  required,  terminating  in  a 
spi  ay-nozzle,  a  small  pipe  being  inserted  in  the  neck  of  each 
inlet,  through  which  pipe  cool  tar  is  pumped.  The  gas  on  meet- 
ing the  tar-spray,  the  temperature  of  which  is  about  70°  Cent. 
(158°  Fahr.),  is  intimately  mixed  with  the  spray;  and,  owing  to 
the  frictional  action  on  the  tar-particles  held  in  suspension  by 
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the  o-as    together  with  the  reduction  in  temperature,  all  the  tar 
2iS  a  certain  amount  of  ammoniacal  liquor,  is  « race and 
falls   down    into  the   collecting  reaver  below.     Fionx .the   le 
ceiver  one  part  of  the   tar-fluid  (namely,  the  surplus  tar)  runs 
oft  throng  an  overflow    into  a    seal-pot,   and  so  into  the  mam 
separate-tank  for  the  tar  and  ammoniacal  water    the  remain 
Z    1  eing-    again    put    into    circulation   by   a   small   belt-driven 
lltrifugal    pump.     In    the    pressure-pipe    from    tins   pump    a 
hotontal  water-jacketed  tubular  cooler  is  inserted,  which  serves 
to  regulate  and  maintain  constant  the  temperature  of  the  apray. 
On  leaving  the  tar-separator  the  gas,  with  a  tempera  ure  of 
about   740   Cent.   (165°   Fair.),   pa**  through    a   superhea  ex, 
insisting  of  a  .small  spiral  steel-tube,  1  inch    25  inxllixnetres ,  in 
outside  diameter,   placed  inside  the  main     through  which  chy 
steam  is  blown,  the  effect  being  to  raise  the  temperatuie  of  the 
1,™+  «p,o  |n  050  rw    (185°  to  203°  Fahr.). 
gas  xn  the  main  to  about  80     to  Jo     uent.  110 

The  superheater  did  not  form  part  of  the  original  plant   but  was 
added  two  years  late,     This  addition  came  about  -    Row- 
ing manner  :-In  designing  the  plant  xt  was  recognized  tha    the 
gas  would  have  to  be  heated  either  beforehand  or  xn  the  satura- 
Tor    because  it  carries  with  it  in  suspension  a  large  quantity  of 
waler-vapour,  the  amount  varying  according  to  the  te^™ 
of  the  gas       It   was   also  known    that   on   passing  through  the 
saturator  the  gas  would  give  up  a  certain  quantity  of  this  water, 
which  would  be  absorbed  by  the  acid,  and  so  dilute  the  bath  as  to 
make  the  formation  of  the  sulphate  difficult,  if  not  altogether 
impossible       Furthermore,   it  was  known  that   the  presence    of 
ammonium  chloride  intensified  this  action,  for  while  the  union 
of  sulphuric  acid  with  ammonia  is  exothermic,  and  would  thus 
provide   heat    xn   the   bath,    the    union    of  sulphuric   acid    with 
ammonium  chloride  is  endothermic,   and    would   take  up  heat. 
When     therefore,   much   ammonium  chloride  is  present   in  the 
o-,s    eitra  heat   is  absolutely  essential  for  the  proper  formation 
n't  ,  he  sulphate.   Koppers  recognized  this  difficulty,  and  arranged 
his  process  in  such  a  manner  that  the  gas  was  superheated  under 
conditions  in  which  it  could  not  pick  up  any  more  water,  and  it 
was  thus  only  partly  saturated.     In  effect,  it  was  rendered  no 
only  capable  of  carrying  its  own  water  through  the  bath,  but 
also  of  actually  evaporating  water  from  the  bath.     In  designing 
the  present  plant,  the  gas  could  not,  owing  to  Koppers   patent, 
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be  superheated,  and  another  device  was  adopted,  namely,  that 
of  heating  up  the  mother-liquor  by  means  of  four  lead  copper- 
lined  steam-pipes  inserted  in  the  saturator.  In  practice,  how- 
ever, this  device  was  a  complete  failure,  for  the  combination  of 
the  liberated  hydrochloric  acid  and  the  heat  had  the  effect  of 
destroying  the  pipes  in  a  week  or  two;  in  addition,  the  chlorine 
was  deposited  on  the  pipes  and  partly  destroyed  their  already 
poor  capacity  for  conducting  heat.  A  new  device  was  tried, 
namely,  to  superheat  the  circulating-  mother-liquor  with  a 
special  steam  superheater.  This  also  was  not  very  successful, 
as  the  pipes  under  the  action  of  heat  wore  out  very  rapidly. 
Finally  an  arrangement  was  come  to  with  Koppers  and  the 
present  device  adopted,  which  has  since  proved  entirely  satisfac- 
tory. 

Leaving  the  superheater,  the  gas,  with  its  occluded  water 
and  ammonia  vapour,  passes  directly  into  a  totally-closed 
saturator,  half  filled  with  dilute  sulphuric  acid  at  a  temper- 
ature of  about  82°  Cent.  (180°  Fahr.),  with  which  the  ammonia 
combines,  forming  ammonium  sulphate.  The  gas  enters  the 
saturator  beneath  the  level  of  the  mother-liquor  by  means  of  two 
pipes,  each  of  which  terminates  in  four  forked  half-pipes,  the 
under  sides  being  open  and  provided  with  toothed  edges.  The 
bottom  part  of  the  entrance  pipes,  and  also  of  the  forks,  is  made 
entirely  of  lead.  The  saturator  itself  is  of  lead-lined  wrought- 
iron . 

The  mother-liquor  is  kept  in  circulation  by  means  of  a  small 
electrically-driven  centrifugal  pump,  which  takes  the  liquor  from 
an  overflow  well,  connected  with  the  bath  by  a  sealed  overflow 
pipe,  and  delivers  it  into  an  entrance-well,  also  connected  with 
the  bath  by  a  sealed  pipe,  whence  it  is  sucked  back  into  the  satu- 
rator by  the  vacuum  within. 

Tn  working  the  saturator,  the  bath  is  always  maintained  in 
such  a  condition  that  there  shall  be  6  to  8  per  cent,  of  free  acid  in 
the  liquor,  this  being  effected  by  running  in  continuously  a  small 
stream  of  dilute  sulphuric  acid,  the  specific  gravity  of  which  is 
60°  Baume.  The  water  from  the  washing  of  the  sulphate  on  the 
draining  table  and  in  the  centrifugal  pump  is  also  added  to  the 
bath. 

The  salts  are  periodically  drawn  from  the  saturator  by  means 
of   a   steam-ejector,    and   are   taken   to   a   draining-table,    to    be 
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afterwards  whirled  in  a  centrifugal  copper  sieve,  which  finally 
separates  the  salts  from  the  mother-liquor,  which  again  flows 
back  to  the  saturator.  The  sulphate  crystals,  which  are  very  well 
formed,  and  are  white  to  pale-grey  in  colour,  are  then  taken  and 
piled  in  the  storehouse.  In  order  to  provide  against  any  break- 
down, a  complete  duplicate  saturator  is  maintained  ready  for 
immediate  use. 

The  gas,  after  leaving  the  saturator,  passes  through  a  small 
chamber  in  which  are  arranged  a  series  of  baffle-plates,  their 
purpose  being  to  extract  from  the  gas  any  liquor  that  might 
otherwise  be  carried  away.  The  condensed  liquor  falls  back  into 
the  saturator,  and  the  gas  with  a  temperature  of  about  84°  Cent. 
(183°  Fahr.)  is  then  passed  through  two  water-coolers  of  the 
horizontal  short-tube  type,  which  reduce  the  temperature  to  30° 
Cent.  (86°  Fahr.).  Each  cooler  is  rectangular  in  form,  25  feet 
(T'6  metres)  high,  and  the  cross-section  measures  7\  by  6^  feet 
(2"25  by  1'9  metres).  The  water-tubes  are  arranged  horizontally 
in  seven  sections,  each  containing  seventy  tubes  3|  inches  (90 
millimetres)  in  diameter.  The  cool  water  enters  at  the  top  and 
is  forced  through  the  two  coolers,  which  are  coupled  in  series. 
The  gas  enters  at  the  bottom  and  zig-zags  up  the  coolers  amongst 
the  tubes,  being  deflected  by  a  series  of  baffle-plates  placed 
alternately  half-way  across  the  section  of  the  tower  between  each 
set  of  tubes.  The  gas  and  water  thus  travel  in  directly  opposite 
directions.  The  cooling  surface  of  one  cooler  is  about  3G0  square 
yards  (300  square  metres). 

Anyone  conversant  with  the  old  type  of  bye-product  plant, 
where  the  gases  are  first  cooled  and  scrubbed,  is  aware  of  the 
trouble  given  by  the  naphthalene,  which  condenses  out  and  causes 
obstructions  in  the  coolers  and  the  scrubbers — besides  increasing 
the  work  of  the  exhauster — with  the  result  that  these  have  very 
frequently  to  be  cut  out  and  cleaned  by  means  of  steam  blown 
through  the  apparatus  until  the  solidified  naphthalene  is  lique- 
fied, and  flows  off.  Tins  operation  in  the  case  of  an  ammonia- 
scrubber  takes  anything  from  10  to  16  hours,  it  being  necessary 
to  allow  the  scrubber  to  cool  before  it  can  be  again  used,  and  a 
considerable  amount  of  steam  and  extra  labour  are  necessary. 
With  the  Otto  direct  process  this  trouble  and  expense  is  entirely 
avoided,  for  the  light  tar  oils,  whieli  are  condensed  in  the  coolers, 
dissolve  and  wash  away  the  naphthalene  automatically,  and  the 
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coolers  may  thus  work  for  two  or  three  months  with  practically 
no  extra  attention  or  any  expenditure  of  steam.  No  ammonia 
scrubbers  are  employed. 

It  might  be  mentioned  that  the  light  tar  oil.  when  cleaned 
from  naphthalene,  makes  a  very  good  wash  oil  for  the  benzol 
plant. 

The  light  tar  oil.  the  naphthalene,  and  the  water  condensed 
in  the  coolers,  are  drawn  oft'  through  seal-pots  at  the  bottom  of 
each  cooler,  and  go  direct  to  a  special  separator,  which  is  in  the 
form  of  a  closed  rectangular  tank  provided  with  a  series  of  three 
partitions  placed  at  intervals  across  its  breadth,  and  with  a  small 
space  between  the  bottom  of  the  tank  and  each  partition.  Near 
the  top  of  each  section  is  an  overflow  pipe,  through  which  the 
oil  is  drawn  off  at  intervals  into  the  tar-tank.  The  waste-water 
flows  oft  from  the  last  section  through  a  pipe  reaching  nearly  to 
the  bottom  of  the  tank.  The  separation  is  tints  simply  performed 
by  the  difference  in  the  specific  gravities  of  the  oil  and  the  water. 

I  )n  quitting  the  coolers,  the  gas,  the  temperature  of  which  is 
now  reduced  to  -'SO0  Cent.  (86°  Fahr.),  is  drawn  through  a 
naphthalene  washer  capable  of  dealing  with  1,706,000  cubic  feet 
{50\000  cubic  metres)  of  gas  per  24  hours.  This  apparatus  con- 
sists of  a  cylinder  7j  feet  (2£  metres)  in  length  and  10  feet  (3 
metres)  in  diameter,  divided  into  four  transverse  compartments, 
each  of  which  is  connected  with  the  other  by  holes  placed  altern- 
ately near  the  centre  and  the  top  of  the  separation-discs.  A 
central  shaft  passes  through  the  cylinder,  which  carries  four 
revolving  hollow  drums  built  of  perforated  sheet-metal  and  filled 
with  loose  wooden  balls.  The  cylinder  is  half  filled  with  anthra- 
cene oil  saturated  with  10  per  cent,  of  benzol,  this  latter  precau- 
tion being  taken  to  prevent  the  illuminating  power  of  the  gas 
from  being  reduced,  owing  to  the  benzol  constituents  being 
absorbed  by  the  oil.  The  gas  enters  at  one  end  of  the  cylinder  and 
is  made  to  traverse  the  four  compartments  through  the  top  part 
of  the  drums:  in  so  doing  it  comes  into  contact  with  a  very 
large  oil  surface,  and  the  naphthalene  is  thus  absorbed. 

After  leaving  the  naphthalene  washer,  the  gas  passes  through 
the  main  exhauster,  which  is  one  of  two  duplicate  belt-driven 
American  blowers  of  the  rotating  piston  type,  known  as  the 
"  Connerville  "  blower.  Either  of  these  machines  is  capable  of 
dealing  with  1,095,000  cubic  feet  (48,000'  cubic  metres)  of  gas  per 
24  hours. 
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The  gas  is  now  forced  through  a  Pelouze-&-Audouin  tar- 
extractor,  the  duty  of  which  is  to  thoroughly  extract  any  remnant 
of  oil  that  may  yet  be  present.  In  this  apparatus  the  gas  is 
broken  up  into  innumerable  small  jets  by  perforated  plates,  each 
jet  impinging  on  the  surface  of  a  plate  immediately  behind  a 
former  plate.  The  impact  causes  any  fine  particles  of  oil  in  the 
gas  to  accumulate  on  the  plates  and  stream  off  into  a  receiver 
placed  below,  from  which  the  oil  is  run  off  through  a  sealed 
overflow.  The  plates  are  arranged  concentrically,  and  are 
attached  to  a  drum  which  is  suspended  (with  its  bottom  edges 
sealed  by  the  oil  fluid)  by  means  of  a  chain  passing  over  a  pulley 
and  balance-weights.  The  apparatus  acts  partly  as  a  governor, 
and  aids  in  maintaining  a  steady  pressure;  it  is  designed  to  deal 
with  1,766,000  cubic  feet  (50,000  cubic  metres)  of  gas  in  24 
hours 

The  gas  is  next  forced  through  an  ore-purifier,  consisting  of 
three  boxes  each  containing  three  layers  of  oxide  of  iron,  with  a 
small  gap  between  each  layer.  The  three  boxes  are  so  arranged 
and  coupled  with  the  main  that  the  gas  can  be  sent  through  the 
boxes  in  any  order  desired,  allowing  thus  of  the  full  utilization 
of  the  ore  with  a  minimum  of  labour.  The  ore  when  used  up  is 
spread  out  in  a  store  and  thus  aired  and  revivified,  when  it  can 
be  again  used.  This  revivifying  process  is  repeated  until  the 
free  sulphur  in  the  ore  reaches  about  50  to  55  per  cent.,  when 
fresh  new  ore  has  to  be  substituted.  The  old  ore  is  sold  for  the 
extraction  of  sulphur  or  cyanide. 

From  the  purifier  the  gas,  now  in  a  fit  state  for  town  use, 
passes  into  a  gas-holder  of  a  capacity  of  53,000  cubic  feet  (1,500 
cubic  metres),  and  thence  through  the  colliery  gas-meter,  after 
which  it  is  forced  to  the  town  gas-holders  (a  distance  of  oh  miles) 
by  one  of  two  duplicate  Koots  rotating  piston-blowers.  Each 
machine  is  coupled  direct  to  a  small  single-cylinder  steam-engine, 
and  is  capable  of  dealing  with  70,640  cubic  feet  (2,000  cubic 
metres)  per  hour. 

(b)  Mains.-  The  gas-main  to  the  town  is  of  drawn-steel  pipes, 
made  in  lengths  of  about  40  feet  (12  metres),  with  an  inside 
rtiamefcer  of  Id  inches  (250  millimetres)  and  an  outside  diameter 
of  10&-  inches  (257  millimetres),  and  fitted  with  special  joints 
(Figs.  2  and  ■'!,  Plate  III.).  The  female  end  is  expanded, 
first  to  10|  inches  (207  millimetres)  inside  diameter  for  a  length 
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of  4  inches  (100  millimetres),  and  then  to  11  inches  (282  milli- 
metres) inside  diameter  for  a  length  of  4f  inches  (120  milli- 
metres).    The  male  end  remains  unchanged. 

When  the  joint  is  made,  lead-wool  packing  is  first  inserted. 
followed  by  a  packing  of  tarred  hemp,  alter  which  lead-wool  is 
again  pur  in.  The  joint  is  finally  finished  by  a  lnting  of  molten 
lead  and  by  bending  in  over  the  lead,  in  four  places,  the  rim  of 
the  female  pipe,  so  as  to  make  the  grip  firm.  At  the  end  of  the 
joint  a  small  pipe  is  inserted,  the  junction  being'  capped  with  a 
metal  cap-piece,  which  is  secured  in  place  by  a  band,  held  by 
screwbolts,  passing  round  the  male  end  of  the  main  pipe.  The 
end  of  the  joint  and  the  cap-piece  and  band  are  then  swathed 
completely  with  jute,  and  the  whole  asphalted  over.  The  joint 
thus  made  covers  a  length  of  13|  inches  (350  millimetres)  of  the 
main  pipe  at  the  joint,  and  is  perfectly  gas-tight.  The  smell- 
pipe  reaches  the  surface,  being  there  provided  with  a  screw-cap. 
By  this  arrangement,  when  a  leak  in  the  joint  is  suspected,  it 
is  only  necessary  to  unscrew  the  smell-pipe  cap  and  apply  a 
light,  when  if  there  should  be  any  leakage,  it  will  be  immediately 
detected.  This  type  of  joint,  although  costly,  has  proved  of  the 
utmost  convenience,  and  has  saved  the  colliery  company  much 
trouble  and  expense.  The  gas  leakage  since  the  employment  c£ 
the  joints  has  never  exceeded  1  per  cent.,  taking  the  highest 
compression  at  79  inches  (2  metres)  of  water-gauge,  and  the 
quantity  of  gas  passing  at  35, -\2i)  to  4*2.-5S()  cubic  feet  (1,000  to 
1,200  cubic  metres)  per  hour. 

There  are  two  other  points  worthy  of  notice,  namely,  the 
device  for  locating  a  leak}'  section  and  that  for  the  extraction  of 
water  from  the  pipes. 

The  first  consists  simply  of  a  cut-off  valve,  which  is  inserted 
in  the  pipe-line  at  intervals  of  about  1,100  yards  (1  kilometre); 
on  each  side  of  this  valve  is  provided  a  small  pipe  leading  to  the 
surface,  and  there  fitted  with  a  screw-cap.  When  a  length  is 
to  be  tested,  the  forcing  blower  is  arrested,  thus  leaving  the  gas 
in  the  pipes  simply  under  the  compression  due  to  the  weigh! 
of  the  town  gas-holder.  In  making  a  test,  a  sensitive  gas- 
meter  is  placed  between  the  two  small  pipes  and  the  valve  in  the 
main  shut,  when  the  direction  of  rotation  of  the  meter-hand 
shows  at  once  on  which  side  of  the  valve  the  leak  is  to  be  looked 
for. 
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The  device  for  the  extraction  of  water  is  inserted  at  the  points 
of  lowest  elevation  along-  the  pipe-line,  and  consists  of  a  metal 
box  water-trap,  into  the  bottom  of  which  dips  one  end  of  a  1-inch 
(26-millimetre)  pipe,  the  other  end  being-  carried  to  the  surface, 
where  it  is  provided  with  a  screw-cap.  On  this  cap  being  opened, 
if  the  gas-pressure  in  the  main  is  adequate,  the  water  is  forced 
automatically  to  the  surface  :  if  the  pressure  should  be  inade- 
quate, a  hand-pump  may  be  coupled  to  the  dip-pipe,  and  the  water 
easily  extracted. 

Working-gas  Plant:  (a)  Treatment  of  the  Gas. — The  treat- 
ment of  the  working-gas  is  exactly  the  same  as  that  already 
described  for  the  illuminating-gas  until  it  has  passed  through  the 
preliminary  water-tube  coolers  (Fig.  1,  Plate  III.) ;  the  apparatus 
employed  is  in  every  way  identical,  and  it  will,  therefore, 
•only  be  necessary  to  follow  the  working-gas  from  this  point. 
Leaving  the  coolers,  it  pa><e^  through  the  main  exhauster,  which 
is  one  of  two  Connerville  blowers,  similar  to  those  in  the  illum- 
inating-gas plant,  but  capable  of  dealing  witli  2.472,000  cubic 
feet  (70.000  cubic  metres)  per  24  hours. 

In  passing  through  the  blower,  the  temperature  of  the  gas  is 
raised  from  00°  to  50°  Cent.  (86°  to  122°  Fahr.),  and  as  this  is 
too  high  to  permit  of  direct  scrubbing  for  benzol,  the  gas  after 
leaving  tin-  blower  pa>ses  through  a  vertical  water-tube  cooler, 
which  reduces  the  temperature  to  about  35°  Cent.  (95°  Fahr.). 
I'll  is  temperature  is  still  too  high  to  give  the  best  results  in  the 
benzol  scrubbers,  and,  therefore,  a  supplementary  water-tube 
cooler  (it  the  horizontal  tube  type  is  in  course  of  erection. 

The  n'a^  now  passes  through  three  benzol  scrubbers,  each  of 
which  consists  of  a  cylindrical  tower  about  00  feet  (18  metres) 
in  height  and  10  feet  <•">  metres)  in  diameter,  filled  entirely  with 
a  series  of  wooden  trays  constructed  of  strips  of  wood  measuring 
\  by  4  inches  (1|  by  Hi  centimetres)  in  section,  placed  side  by 
side  on  edge,  with  intervening  spaces  of  §  inch  (2  centimetres). 
Each  tray  or  layer  is  separated  from  the  layer  above  and  below 
by  wooden  props  2|  inches  (0  centimetres)  square,  which  are  laid 
horizontally  across  the  tower.  The  gas  enters  at  the  bottom  of 
each  tower,  and  in  passing  up  through  the  wood  comes  into 
intimate  contact  with  the  wash-oil,  which  is  pumped  to  the  top 
of  the  tower  and  sprayed  over  its  entire  area  by  means  of  a  num- 
ber of  spray-nozzles,  and  so  drips  down  through  the  woodwork. 
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At  the  bottom  of  each  scrubber  is  a  seal-pot,  which  permits  of 
ilic  benzol-laden  wash-oil  to  continuously  run  off. 

The  oil  employed  is  a  half-and-half  mixture  of  tar-oil,  giving 
a  90-per-cent.  distillate  between  200°  and  800°  Cent,  (392°  and 
572°  Fahr.),  and  the  oil  residue  from  the  distillation  of  the  crude 
first-product  benzol.  The  benzol-free  wash-oil  is  first  pumped 
to  the  top  of  the  third  or  last  scrubber,  and  after  it  has  passed 
through  this,  it  is  pumped  to  the  top  of  the  second  or  middle 
scrubber,  on  leaving  which  it  is  pumped  to  the  top  of  the  first 
scrubber.  The  then  concentrated  effluent  from  the  first  scrubber 
is  pumped  to  a  distilling  apparatus  through  the  benzol  cooler, 
where- it  is  partly  heated,  and  also  through  a  special  superheater. 
This  latter  consists  simply  of  a  vertical  cylinder  containing  a 
spiral  steam-pipe.  The  now  heated  wash-oil  in  the  distilling  ap- 
paratus comes  into  direct  contact  with  steam,  the  action  of  which 
is  to  drive  out  the  water  and  benzol  from  the  oil  in  the  form  of 
steam  and  benzol-vapours,  leaving  the  heavy  oil  behind.  The 
distilled  vapours  are  carried  by  a  pipe  into  the  benzol  cooler, 
which  consists  of  a  vertical  cylinder  divided  into  three  sections. 
The  uppermost  section  serves  to  partly  superheat  the  Avash-oil, 
and  at  the  same  time  to  partly  cool  the  distilled  vapours ;  while 
the  middle  section  is  water-cooled,  and  serves  as  a  final  cooler 
for  the  vapours,  which  are  there  condensed  into  crude  or  first- 
product  benzol  and  water.  The  bottom  section  is  merely  a 
separator  for  these  two  latter  products,  which  separate  owing  to 
their  difference  in  specific  gravity,  and  flow  off  at  different  levels, 
the  water  going  to  the  ammonia-liquor  tank  and  the  benzol  to  a 
special  tank  where  it  awaits  shipment.  The  wash-oil  from  the 
distilling  apparatus,  when  deprived  of  its  holding-  of  benzol, 
after  passing  through  pipe-coolers,  is  again  circulated  through 
the  benzol  scrubbers. 

Five  small  pumps  (one  of  which  is  held  as  a  reserve)  are  neces- 
sary for  the  circulation  of  the  wash-oil,  and  two  (one  of  which  is 
held  as  a  reserve)  for  the  circulation  of  the  benzol  cooling- 
water,  the  wash-oil  cooling-water,  and  the  water  for  the  two 
secondary  gas-coolers.  The  pumps  are  all  driven  through  shaft- 
ing and  belts  by  a  small  single-cylinder  steam-engine. 

As  to  the  gas,  this,  having  been  robbed  of  its  benzol, 
splits  into  three  parts,  the  first  going  to  heat  the  coke-ovens,  the 
second  to  heat  five  boilers,  while  the  third  is  taken  by  a  Roots 
blower  and  conveyed  to  a  neighbouring  colliery  to  be  used  for 
driving  gas-engines. 
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(b)  Ammcniacal  Liquor  and  Tar. — As  may  be  supposed,  there 
is  ;>  certain  quantity  of  ammoniacal  liquor  which  is  condensed 
in  the  gas-mains  before  the    tar-separator.      This  liquor   flows, 
together  with  the  condensed  tar-fluid  and  the  tar  which  is  pumped 
into  the  mains,  into  a  separating  tank,  in  which  the  ammonia- 
water  and  the  tar  are  separated  by  their  specific  gravities,  and 
flow  off,  the  former  going  into  the  main  ammoniacal-water  tank, 
while   the  tar  goes  to  the  tar-tank.      The  tar  and  ammoniacal 
liquor  overflowing  from  the  tar-extractor  also  flow  into  the  same 
separating  tank.      The  light  oils,  naphthalene,  and  water,  con- 
densed in  the  coolers,  all  flow  into  the  special  separating  tank 
already  described.      The  oils  from  this,  with  the  dissolved  naph- 
thalene (which  latter  of  itself  has  a  specific  gravity  of  105,  but 
when   dissolved   in   the   lighter  oils   has    a   specific    gravity  just 
sufficiently  below  that  of  water  to  cause  a  separation),  flow  off 
into  the  tar-tank,  while  the  water  runs  to  waste,  as  it  is  of  no 
value,   and  contains  only  the  smallest  traces  of  ammonia,   with 
no  oil.      The  tar  is  taken  from  the  main  reservoir  and  sold  direct, 
or  goes  t<>  a  neighbouring  colliery  for  distillation. 

From  the  first-product  distillation  there  comes  also  into  the 
ammoniacal-liquor   tank    ammoniacal   liquor.      Thus   the   whole 
ammoniacal  liquor  from  the  entire  plant,  the  concentration  of 
which  varies  from  25  to  •'!•")  grammes  of  ammonia  (iS"H3)  per  022 
gallon  (1  litre),  finds  its  way  into  one   tank.      When  the  plant 
was  firsl  installed,  and  until  July,  1913,  this  water  was  pumped 
into  the  saturators  direct.  This  method,  however,  was  at  no  time 
satisfactory,    owing  to  the   considerable  amount   of   ammonium 
chloride  present,  which,  as  mentioned  earlier,  had  the  effect  of 
taking  heat  from  the  saturator-bath  and  of  causing  the  mother- 
liquor  to  become  after  a  time  saturated  with  ammonium  chloride. 
Under  these  conditions,  it  was  quite  impossible  to  split  up  and  get 
rid  of  the  ammonium  chloride,  which  on  collecting  rendered  the 
bath  very  bad.     To  avoid  this  it  was  necessary  to  run  the  rnother- 
liquor  off  at  intervals  and  replace  it  by  fresh  liquor,  with  the 
result  thai   the  plant  found  itself  with  large  quantities  of  fluid 
containing   much  ammonia  that  could   not  be   worked  off,   and 
caused  endless  trouble  by  filling  up  all  available  tanks.       The 
only  solution  of  the  difficulty  was  to  load  it  into  trucks  and  send 
it  away  for  distillation  in  a  chalk-still:  some  idea  of  the  nuisance 
caused  by  tlii-  lluid  may  be  realized  when  it  is  said  that  25  to  30 
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"tons  were  sent  away  every  month.  It  was  at  last  decided  to  erect 
a  small  lime-still,  capable  of  distilling  50  cubic  metres  of  the 
liquid  per  day.  This  plant  now  distills  with  ease  the  entire  am- 
moniacal  Liquor,  which  amounts  to  about  25  to  >'}0  cubic  metres 
per  day,  it  being:  only  necessary  to  work  the  still  half-time.  The 
free  ammonia  and  steam  from  the  still  are  returned  to  the  gas 
before  it  enters  the  saturator. 

It  should  be  mentioned,  however,  that  several  plants  in  "West- 
phalia are  working  the  direct  process  quite  successfully  with- 
out the  aid  of  stills,  and  that  this  can  be  done  where  the  coal  does 
not  contain  too  much  chlorine. 

Statistics. — In  the  foregoing  descriptions  the  writer  has  not 
thought  it  necessary  to  go  into  details  of  construction,  or  to 
describe  the  pumps,  and  all  the  numerous  appliances  that  go  to 
make  up  a  bye-product  plant,  as  these  are  common  to  all  types 
of  plants  and  are  of  no  special  interest.  Similarly,  he  has  not 
described  the  safety-appliances  for  the  illuminating-plant, 
except  in  so  far  as  they  are  indicated  in  Fig.  1  (Plate  III.).  The 
following  figures  which  have  been  given  by  the  colliery  author- 
ities, may,  however,  be  of  interest,  although  it  should  be  under- 
stood that  they  are  all  merely  approximate: — 

Dry  coal  consumed  per  24  hours  ...         ...         ...  620  tons. 

Analysis  of  coal :  Per  cent 

Water 11      to  12 

Ash        5      ,,      6 

Sulphur  12 

Nitrogen 

Volatile  matter  

Output  per  24  hours  : 

Coke      

Tar        

Ammonium  sulphate 

First-product  benzol 

Illuminating- and  power-gas   7,000,000  cubic  feet  (198,400  cubic 

metres). 

The  analyses  of  the  ammonium  sulphate  give  the  following 
figures,  roughly  100  parts  of  ammonia  (NH3)  being  derived  from 
10  parts  of  fixed  ammonia  (jNtH3)  and  90  parts  of  free  ammonia 
<NH3):- 

Per  cent. 

Ammonia  (NH3)  25-25  to  25  35 

Water      0"80  „      1  20 

Free  sulphuric  acid      0-20  ,,     0-40 

Combined  acid 72-50   ,,    73-00 


1-5  to 

17 

8      ,,    '. 

>0 

Tons. 

520 

17  to 

18 

7   „ 

7i 

5   „ 

H 
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Analyses  of  the  gases  yield  the  following  percentage  com- 
positions :  — 


Heavy  hydrocarbons  (CnHm) 

Methane  (CH4) 

Hydrogen 

Carbon  monoxide 

Carbonic  acid  ... 

Oxygen 

Nitrogen 


Totals 


Calories 


Lighting-gaf". 
Per  cent. 

Working-gas 
Per  cent. 

5-00 

2-50 

37-40 

29-20 

44-30 

51-80 

6-20 

5-00 

2-90 

2-00 

o-io 

0  30 

410 

9-10 

100-00 

99-9 

5,200 


4,300 


The  average  output  of  illuminating-gas  is  shown  by  the  fol- 
lowing monthly  figures : — 


1912. 
November 
December 

1913. 
May     ... 
June   ... 
July    ... 


1913. 
May 
June 
July 


Cubic  feet. 

Cubic  metres. 

33,130,160 

938,000 

35,994,612 

1,019,100 

23,205,240 

657,000 

21,969,040 

622,000 

23,063,960 

653,000 

-engines  was 

as  follows :  - 

Cubic  feet. 

Cubic  metres. 

25,324,440 

717,000 

30,092,640 

852,000 

35,358,852 

1,001,100 

The  fresh-water  consumption  for  the  entire  plant  per  24  hours 
amounts  to  about  17,660'  feet  (500  cubic  metres),  including  the 
water  used  for  quenching  the  coke.  The  amount  of  water  used  in 
the  gas-  and  oil-coolers  varies  very  much,  but  may  be  taken  at  an 
outside  figure  of  2,119  cubic  feet  (60  cubic  metres)  per  24  hours. 

The  employees,  not  including  the  office  staff,  are  as  follows  :  — 


Wages. 

Employed  at 

G  a.m.  to  6  p.m. 

6  p.m.  to  6  a.m. 

Men.                       Boys. 

Marks. 

s.     d.     Marks. 

s.     d. 

Coke-yard 

36 

36 

5-00 

5     0     400 

4    0 

Sulphate-plant... 

3 

3 

{ 

4-80 
4-60 

4  10 

4     7 

— 

Engine-house     ... 

2 

2    1 

to 
5-00 

to 
5     0 

Gas-purifier 

2 

Nil. 

4-40 

4     5 

— 

— 

Benzol-plant 

I 

1 

4-60 

4     7 

— 

— 

Foremen 

2 

2 

6  50 

6    6 

j/ n//irJ/  also Supp&&S ybw7l~qas"  Yoi.XIAII.I'imi  III 


Figs.  2  and  3. -Joint  for  Illuminating-gas  Main. 


Fig.  2 


VolLW: Plate IV 


'/(/ ///t/s// ■////■  .V'/.i-o  /Jo/vi/Ftirt/.i  /'</prj r>// ,  I  Hr.s//>/ta{'ut/i  Jiye-r/ror/fic/- '  f't/A-//ttj/i//y/i/  tv/iicff  a/.so  Snpplt'ns'/hw/r.-rM.-i''  Y'-iXIMI  l'i  mi  III 

U113M. 


Fig.  1  .—Diagrammatic  Plan  of  a  Westpha 
Bye-product  Coking-plant 


Figs.  2  and  3.  -Joint  for  II 
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The  costs  are  shown  in  the  following"  table  :  — 

Murks  £  s.  d. 

I  l-J-50  0  12  G 

Coal,  per  ton  ...  ...  ...  ...  to  to 

I  13-00  0  13  0 
Coke,  per  ton,  including  cost  of  coke-yard 

wages  and  materials        ...         ...          ...        14-00  0  14  0 

Ammonium  sulphate,  per  ton            ...         ...     100*00  5  0  0 

Raw  tar,  per  ton            19-00  0  19  0 

Benzol— light  oil,  per  ton        40-00  "2  0  0 

Town-gas,  per  35,320  cubic  feet  (1,000  cubic 

metres)         18-00  0  18  0 

Totals                        M.  -20400  C\0  4  0 


Mr.  Gr.  S.  Coopeb  (Sheffield)  wrote  that  the  paper  was  of  espe- 
cial interest,  owing-  to  the  fact  that  the  Town  Council  of  Middles- 
brough were  just  on  the  point  of  arranging-  to  take  their  supply 
of  gas  from  a  battery  of  coke-ovens.  There  were,  however,  some 
statements  which  he  thought  required  either  qualification  or 
amplification.  Speaking  of  the  Otto  "direct"  process,  Mr. 
Ford  stated  that  it  was  similar  to  the  Koppers,  but  yet  quite  dis- 
tinct, decidedly  more  simple,  more  compact,  and  less  costly,  and 
dilated  on  its  advantages  in  various  directions.  It  seemed  to 
him  that  Mr.  Ford's  experience  of  this  process,  as  outlined  later 
in  the  paper,  showed  that,  in  order  to  ensure  success,  an  arrange- 
ment had  to  be  made  with  Koppers  to  take  advantage  of  several 
patents,  and  indeed  the  writer  of  the  paper  presented  to  them  a 
distressing  story  of  the  complete  failure  of  the  original  Otto 
installation.  He  (Mr.  Cooper)  had,  on  many  occasions,  pointed 
out  those  very  weaknesses  of  the  Otto  process  to  which  Mr.  Ford 
directed  attention.  He  had  also  pointed  out  that  moisture  must  be 
deposited  in  the  saturator  in  the  Otto  process,  and  the  usual 
reply  received  had  been  that  the  reaction  between  sulphuric 
acid  and  ammonia  was  exothermic,  and  that  his  contention 
was  therefore  wrong.  They  had  in  Mr.  Ford's  paper  a  frank  ad- 
mission that  his  (Mr.  Cooper's)  objection  was  correct,  and  that 
the  endothermic  reaction  between  sulphuric  acid  and  ammonium 
chloride  nullified  the  effect  of  the  first  reaction.  As  Mr.  Ford 
rightly  pointed  out,  Koppers  had  recognized  this  difficulty,  and 
had  acted  accordingly.  He  (Mr.  Cooper)  was  especially  glad  of  the 
opportunity  of  drawing  attention  to  this  matter  because  he  had 


212  DISCUSSION A  YVESTPHALIAN  BYE-PRODUCT  COKING-PLANT. 

always  been  met  with  the  strongest  denials  of  failure  so  far  as 
the  Otto  process  was  concerned.  Respecting  the  Otto  process, 
to  quote  from  past  publications — 

"The  simplicity  of  the  whole  recovery  system  attained  by  the  elimination 
•of  coolers,  scrubbers,  stills,  liquor  storage,  lime  mixer,  settling  tanks,  etc., 
effects  a  very  considerable  saving  of  labour  and  upkeep  expenses."* 

In  this   instance,  however,  and  he  believed  in  several  other 

instances,  the  claim  was  not  substantiated,  and  it  had  been  found 

impossible  to  work  the  process  satisfactorily.     Again — 

"  From  the  collecting  main  over  the  coke  ovens  the  hot  gas  is  drawn  directly 
into  the  tar  sprays,  which  are  outside  the  exhauster  and  sulphate  house,  with 
■a  single  annular  air  cooler  (the  latter  for  use  only  if  necessary  in  very  hot 
weather).  The  temperature  of  the  tar  sprays  is  so  regulated  as  to  completely 
remove  the  tar  from  the  gas  without  condensation  of  ammoniacal  liquor.  The 
hot  gas,  containing  the  hitter  in  vaporized  form,  then  passes  through  the 
exhausters  directly  into  the  acid-saturator,  where  the  ammonia  is  recovered 
as  ammonium  sulphate,  while  the  ammonia-free  gas,  with  its  accompanying 
vapour,  goes  to  the  oven-heating  flues. "f 

Here,  again,  no  mention  was  made  of  any  method  of  dealing 
with  the  ammoniacal  liquor,  and  it  was  assumed  that  none  was 
produced.  In  other  instances  they  were  told  that  condensation 
was  allowed  to  take  place,  in  order  to  recover  the  ammonium 
chloride.  The  recovery  of  this  substance  was  not  as  profitable  as 
was  sometimes  thought,  and  any  large  production  of  it  would 
soon  bring  the  price  down  to  such  a  level  that  its  recovery  would 
be  unprofitable  as  compared  with  the  production  of  sulphate. 

He  would  a>k  them  to  compare  Mr.  Ford's  description  of  the 
Otto  process  with  that  of  the  <  )tto-Hilgenstock  given  by  Mr. 
Ernest  Bury.       Mr.  Bury  stated  (hat  :— 

"A-  the  object  of  the  new  process  is  to  extract  the  tar-frog  without 
precipitating  the  water-vapours  of  the  gas,  the  sprayers  are  operated  in  such  a 
manner  as  will  ensure  that  the  temperature  of  the  gas  does  not  fall  below  the 

dew-point Besides  this,   the   formation   of  liquor   in  the   tar-sprayer 

soon  becomes  very  detrimental  to  the  cleaning  action  of  the  tar-cone.'"  Also, 
thai  "a  certain  percentage  of  the  ammonia  i~  retained  in  the  tar-sprays,  and 
settles  out  ill  the  tar  as  a  fairly  rich  aqueous  solution  of  ammonium  chloride. "J 

Befei. -nee  was  also  made  to  the  exothermic  reaction  between 
ammonia  and  sulphuric  acid,  no  mention  being  made  of  the 
endothermic   reaction   which   is   so   important,    and    Mas   rightly 

*  Iron  and  Coal  Trades  Review,  1909,  vol.  lxxix.,  page  959. 

I  Qas  World,  1918,  vol.  lviii.,  pages  773-774. 

\  "  The  Otto-Hilgenstock  Direct-recovery  Process  and  its  Application,"  by 
Ernest  I5ury,  Trans,  lust.  .}/.  E.,   1911,  vol.   xli.,  pages  533  and  536. 
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pointed  out  as  such  by  Mr.  Ford.  A  rather  detailed  reference 
was  made  by  Mr.  Bury  to  the  installation  of  Otto  ovens  at  Bochunir 
and  from  the  similarity  of  the  particulars  set  forth  in  that 
description  and  in  the  description  given  by  Mr.  Ford,  one 
"fathered  that  if  they  did  not  refer  to  the  same,  they  referred  to 
equivalent  plants.  They  could  take  it  that  Mr.  Ford's  paper  was- 
written  after  two  years'  experience  of  the  working  of  the  plant. 
The  comparison,  therefore,  was  especially  interesting,  in  so  far 
as  it  showed  the  unreliability  of  the  original  Otto  process.  In 
view  of  what  Mr.  Ford  had  to  say  about  this  process,  the  statement 
by  Mr.  Bury,  that  "  the  claims  of  the  direct  Otto  process  in  the 
consideration  of  municipal  gas-supply  may  thus  be  said  to  be 
thoroughly  established,"  could  hardly  be  justified. 

Dr.  A.  Fiirth,  the  chemist  at  the  Connewitz  station  of  the 
Leipzig  Corporation  Gas-works,  had  some  little  time  ago  devoted 
attention  to  the  question  of  direct-recovery  processes  on  gas- 
works, and  the  following  interesting  note  by  him  had  appeared 
in  the  Journal  of  Gas  Lighting,  Water  Supply,  etc.  :  — 

"In  the  absence  of  distilling  plant,  moreover,  the  gas  from  coals  contain- 
ing much  chlorine  would,  when  led  directly  into  the  saturator,  liberate 
hydrochloric  acid  by  the  decomposition  of  the  ammonium  chloride ;  and  this 
acid  would  corrode  the  metal  of  the  saturator  and  of  the  rest  of  the  plant, 
while  part  of  the  ammonium  chloride  retained  by  the  tar  would  crystallize 
out  from  it  and  not  be  recovered.  Moreover,  the  heat  of  the  gas  in  the  Otto 
process  has  not  proved  sufficient  for  the  formation  of  salt  in  the  saturator, 
and  it  has  been  found  necessary  to  heat  the  acid  in  the  latter.  The  saline 
solution  from  the  saturator  is  circulated  through  a  coil  in  a  chamber  heated 
by  steam.  The  power  required  for  the  pumps  for  circulating  the  solution 
and  the  steam  for  heating  make  it  doubtful  whether  there  is  any  economy 
as  compared  with  the  distillation  of  the  liquor  which  it  displaced.  The  high 
temperature  at  which  the  gas  has  to  be  maintained  further  results  in  naphtha- 
lene being  carried  into  the  condensers  which  follow  the  saturator,  and  sudden 
cooling  of  the  gas  there  causes  blockages  by  crystals  of  naphthalene.  The 
absence  of  tar  at  this  stage  causes  the  naphthlene  to  come  down  in  the  solid 
state.  The  author  has  learnt  of  one  case  where  an  Otto  plant  is  working  om 
ovens  carbonizing  Westphalian  coal,  in  which  the  condensers  have  to  be 
steamed  out  nearly  every  day.  Such  a  procedure  would  be  out  of  the  question 
in  gas-works  conditions.  Either  a  naphthalene  extractor  would  have  to  be 
installed  after  the  saturator,  or  the  condensation  would  have  to  be  carried 
out  less  suddenly,  and  not  in  a  tubular  condenser.  These  changes  would 
involve  considerable  expenditure."* 

Mr.  Benjamin  Dodd  (Xeville's  Cross)  wrote  that,  if  some  par- 
ticulars were  given  with  regard  to  the  table  of  costs,  these  would 
greatly  add  to  the  value  of  the  paper.     The  coal  was  said  to  cost 

*  1911,  vol.  cxvi.,  pages  607-608. 
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12s.  6d.  per  ton,  and  he  would  like  to  know  whether  this  was  dry 
or  wet  coal.  Coke,  including  materials,  was  said  to  cost  14s.  per 
ton  ;  this  appeared  to  be  less  than  the  cost  of  the  coal  from  which 
it  was  made,  which  was  stated  to  yield  75  per  cent,  of  coke.  The 
tar  was  stated  to  cost  19s.  per  ton,  which  seemed  a  high  price  for 
collecting.  Town-gas  was  put  down  at  18s.  per  -35.320  cubic  feet 
(1,000  cubic  metres);  did  this  amount  include  distribution,  and 
was  it  measured  at  the  works'  meter  or  at  the  users  meter?  The 
difference  would  probably  be  5  per  cent.  If  the  total  cost  of 
carbonization  per  ton  of  coal,  or  per  ton  of  coke,  could  be  given, 
it  would  be  very  valuable  to  compare  with  the  results  obtained. 

The  plant  described  had  been  put  down  to  meet  a  large  demand 
for  illuminating-gas,  namely,  to  supply  a  town  of  146,000  inhab- 
itants, about  nine  times  as  large  as  the  City  of  Durham.  In  the 
North  of  England  the  bye-product  plants  were  situated  mostly  at 
the  various  collieries,  where  the  demand  for  illuminating-gas  was 
not  so  large,  and  several  of  these  plants  were  connected  by  electric 
cables  with  the  main  centres  of  population  where  the  energy  of 
the  power-gas  could  be  used  for  lighting.  Locally,  it  was  of  great 
interest  to  consider  whether  it  was  better  to  make  power-gas  for 
electric  lighting  and  extract  all  the  bye-products,  or  to  make 
illuminating-gas  and  lose  the  bye-products. 

Mr.  Ford's  paper,  which  was  a  very  valuable  one,  gave  the 
temperatures  of  the  gases  in  the  condensing  pipes,  and  described 
how  the  ovens  were  to  a  certain  extent  worked  fractionally  for 
illuminating-  and  power-gas.  The  richer  gases  of  certain  ovens 
were  drawn  off  for  illuminating-gas,  in  the  first  and  last  gases  of 
the  charge  put  into  the  working-gas.  It  would  be  of  great  inter- 
est to  know  the  temperatures  and  suctions  at  which  the  gases 
were  drawn  off  the  ovens,  and  also  the  effect  on  the  yield  of  bye- 
products  in  the  working-gas. 

Probably,  if  the  method  of  treating  the  gases  fractionally  was 
carried  out,  when  they  were  working  for  power-gas  the  yields  of 
bye-products  would  be  increased,  and  it  would  be  valuable  to  know 
whether  any  experiments  had  been  made  to  ascertain  the  yields 
from  the  two  systems.  The  tars  and  liquors  appeared  to  run  into 
common  tanks. 

The  President  (Mr.  W.  C.  Blackett)  proposed  a  vote  of  thanks 
to  Mr.  Ford  for  his  paper,  which  was  unanimously  passed. 


EXHIBITS.  215 

The  following  appliances  were  exhibited,  described,  and 
demonstrated  : — 

(1)  Mine-signalling  apparatus  by  Messrs.  Gent  &  Company, 
Limited,  Messrs.  .Median  &  Sons,  Limited,  Messrs.  Siemens 
Brothers  &  Company,  Limited,  and  The  Adnil  Electric  Company, 
Limited. 

(2)  A  speed-and-volume  recorder,  a  fan-suction  gauge,  and  an 
optical  pyrometer,  by  The  Leskole  Company,  Limited. 

(3)  A.  sparkless  electric  bell  by  Prof.  W.  M.  Thornton,  of 
Armstrong'  College,  Newcastle-upon-Tyne. 
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THE  NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND 
MECHANICAL   ENGINEERS. 


GENERAL   MEETING, 

Held  in  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 

April  4th,  1914. 


Mr.  W.  C.  BLACKETT,  President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  last  General  Meeting, 
and  reported  the  proceedings  of  the  Council  at  their  meetings  on 
March  21st  and  that  day. 


The  following  gentlemen  were  elected,  having  been  previously 
nominated  :  — 

Members — 
Mr.    Frank    Brooksbank,    Engineer,    Sungei    Pari    Mine,    Ipoh,    Perak, 

Federated  Malay  States. 
'    Mr.  Thomas  William  Dover,  Colliery  Manager,  Sherbnrn  Colliery,  near 

Durham. 
Mr     Frederick    Peter    Mills,    Mining   Engineer,    854,    Scotswood    Road, 

Newcastle-upon-Tyne. 
Mr.   Walter  Robert  Scott,   Colliery  Manager,  The  Limes,  South  Moor, 

Stanley,  County  Durham. 
Mr.  William  John  Sedcole,  Engineer,  17,  Westoe  Road,  South  Shields. 

Associate  Member — 
Mr.  Cecil  Chipper,  The  Terrace,  Ovingham,  Northumberland. 

Associates — 
Mr.  John  Henry  Dales,  Colliery  Surveyor,  2,  Derwent  View,  Burnopfield. 

County  Durham. 
Mr.  John    Thomas  Reed,  Colliery  Under-manager,  2,  Ivy  Terrace,  Soutli 

Moor,  Stanley,  County  Durham. 
Mr     Joseph    Nelson  Octavius   Rogers,  Colliery   Under-manager,   Downs 

Hill  House,  Hetton-le-Hole,  County  Durham. 

Subscribers 

Messrs.  Cent  &  Company,  Limited,  Faraday  Works,  Leicester. 
Messrs.    Kirkpatrick    &   Barr,    Maritime   Buildings,    King   Street,    New 
cast  le-upon-Tyne, 
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DISCISSION  OF  MR.  SAMUEL  DEAN'S  "NOTES  ON 
COAL-MINING  I.N  THE  UNITED  STATES  OF 
AMERICA,  WITH  SPECIAL  REFERENCE  TO  THE 
TREATMENT  OF  COAL-DUST,  AND  EAULAGE  BY 
ELECTRIC  LOCOMOTIVES."* 

Mi.  Samuel  Dean  (Delagua,  Colorado,  U.S.A.)  wrote  that  if, 
in  tin'  appointment  of  Inspectors  of  Mines,  votes  ever  did  carry 
the  day,  they  would  have  as  poor  inspectors  as  they  now  had 
politicians.  He  believed  that  Inspectors  of  Mines  should  be 
removed  from  the  sphere  of  political  influence,  that  they  should 
be  thoroughly  trained  in  the  work  which  the  law  required  them 
to  do,  and  that  they  should  be  compelled  to  pass  a  severe  and 
bona-fhde  examination. 

In  his  experience  with  stone-dust,  he  (Mr.  Dean)  had  not  seen 
any  tremendous  clouds  of  dust  raised  when  the  men  and  horses 
passed  along.  Dust  was  not  raised  to  any  appreciable  extent  by 
the  normal  traffic  in  the  mine,  and  this  might  be  one  advantage 
of  using  a  dust  with  a  relatively  high  specific  gravity.  He 
agreed  with  Mr.  Wynne,  however,  that  it  was  wise  to  keep  the 
roads  reasonably  clean,  and  believed  that  with  ordinary  care  lung- 
troubles  would  not  arise. 

At  a  later  date  he  would  endeavour  to  go  further  into  the 
question  of  air-movements  in  connexion  with  explosions  in  mines. 

There  was  now  in  use  at  Delagua  a  new  dust-distributing- 
machine  which  would  blow  2,000  pounds  of  dust  per  hour. 

Mr.  George  S.  Rice  (United  States  Bureau  of  Mines,  Wash- 
ington, U.S.A.)  wrote  that,  on  reading  Mr.  Dean's  reply  to  the 
discussion  on  his  paper  at  the  December  13th,  1913,  meeting,  he 
(Mr.  Rice)  could  not  refrain  from  offering  a  correction  of  certain 
statements  concerning  questions  of  fact,  about  which  Mr.  Dean 
had  manifestly  been  misinformed. 

In  referring  to  the  Dawson  (New  Mexico)  disaster  of  October 

22nd.  1913.  Mr.  Dean  said  that  "according  to  the  coroner's  jury, 

the  explosion  was  started  by  an  overcharged  shot  of  permissible 

powder."    A  copy  of  the  coroner's  verdict  read  a-  follows: 

■  That  said  William  McDeimott  and  others  came  to  their  deaths  by 
reason  of  an  explosion  iu  coal-mine  No.  2  of  the  Stag  Canon  Fuel  Company,  at 

•Trans.    Inst.  M.   E.,  1913,  vol.  xlvi.,  pages  98  and  387;   and   1914,  vol 
xlvii.,  page   13G. 
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Dawson,  Now  Mexico,  on  October  22nd,  1913,  caused  by  a  shot  having  been 
unlawfully  fired  by  an  unknown  employee  of  said  company,  at  the  time 
working  on  pillar  No.  27,  9th  west  entry,  No.  2  mine,  which  employee  met  his 
own  death  in  such  explosion." 

Mr.  Kees  H.  Beddow,  State  Coal-mine  Inspector  of  New 
Mexico,  in  his  annual  report,  dated  December  1st,  1913,  stated 
that— 

"  The  explosion  was  caused  by  an  overcharged  shot,  fired  in  room  No.  27, 
of  the  9th  west  entry  on  No.  2  side  of  the  mine.  The  coal  from  this  shot  was 
blown  for  a  distance  of  40  feet  from  the  working  face.  A  great  amount  of 
wind  had  been  developed  by  this  shot,  stirring  up  and  igniting  the  coal-dust 
and  spreading  from  this  point  to  all  parts  of  the  mine,  with  more  or  less  force 
and  flame,  being  influenced  largely  by  the  amoiint  of  water  or  dust  it  came 
in  contact  with ;  where  there  was  a  wet  zone  of  any  considerable  extent,  the 
flame  and  violence  of  the  explosion  was  noticeably  reduced,  but  in  dry   and 

dusty  places  the  flame  and  violence  was  much  greater The  shot  was 

fired  by  the  miner  while  all  the  men  were  in  the  mine.  It  was  done  by 
connecting  his  shooting  wire  with  the  trolley  wire,  which  is  against  the 
company's  rules,  and  in  violation  with  the  State  mining  laws.  The  company 
had  provided  a  separate  system  of  wires  for  blasting,  which  is  protected  by 
three  cut-out  switches,  and  the  current  was  not  allowed  to  be  turned  on  to 
these  wires  until  all  the  men  were  out  of  the  mine,  but  the  miner  wanted  to 
load  a  few  more  cars  of  coal  that  day,  so  he  took  a  chance  by  connecting  to 
the  trolley  wires,  fired  a  shot,  while  all  the  men  were  in  the  mine,  and  started 
an  explosion  that  cost  him  his  life,  and  263  others  suffering  the  same  fate." 

It  would  be  observed  that  neither  in  the  coroner's  verdict  nor 
in  the  State  Inspector's  report  was  it  specified  that  the  explosive 
used  was  of  the  "permissible"  type.  It  was  his  (Mr.  Rice'3) 
opinion  that  this  omission  was  intentional,  since  it  was  not  shown 
what  explosive  was  used  in  the  shot.  The  mine  or  company  rules 
required  (hat  only  " *_ permissible "  explosives  should  be  used  in 
blasting  coal,  hence  it  was  perfectly  natural  for  anyone  who  had 
not  personally  made  an  investigation  of  the  disaster  to  assume 
that  in  the  shot  in  question  a  "  permissible  "  explosive  was 
employed.  Prior  to  the  explosion,  under  the  colliery  rules,  each 
miner  purchased  his  supply  of  "permissible  "  explosive  from  the 
company;  he  charged  and  stemmed  the  shots,  and  connected  up 
the  lead  wires  to  the  blasting  circuit,  hut  did  not  close  the  room 
switch  of  the  firing  line  until  leaving  his  working-place.  During 
the  investigation,  in  addition  to  many  unignited  sticks  of  "per- 
missible "  explosives  being  found  in  the  working-places,  some 
sticks  of  ordinary  dynamite  were  discovered  in  several  parts  of  the 
mine.  It  was  also  ascertained  that  ordinary  dynamite  was  used 
in   firing    shots    in    rock,    with    the    approval    of   the    company, 
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although,   as  staled,   the  rigid    rule  was  to  have  shots   tired   only 
when  all  the  men  were  out  of  the   mine. 

The  enquiry  also  divulged  the  tad  thai  a  certain  head  miner, 
in  charge  of  a  group  of  miners  working  in  a  districl  where  the 
explosion  was  believed  to  have  originated,  had  been  guilty  on  one 
and  possibly  two  previous  occasions  of  firing  a  shot  in  violation  of 
the  rules,  h  was.  therefore,  not  difficult  to  believe  that  a  man 
who  would  he  guilty  of  violating  one  rule  mighl  violate  another 
rule.  Moreover,  it  was  reported  that  the  man  in  question  had 
not  drawn  any  supply  of  "permissible"  explosives  from  the 
company's  stores  for  some  time  prior  to  the  disaster.  Hut,  even 
admitting  that  a  "permissible'3  explosive  had  been  used,  the 
shot,  which  was  located  in  the  end  of  a  pillar  that  was  being 
withdrawn,  indicated  by  its  violent  effects  that  an  excessive 
charge  had  been  used,  as  a  large  quantity  of  coal  was  scattered 
in  all  directions  in  the  open  goaf,  and  a  loaded  car  in  the  vicinity, 
weighing  2  or  3  tons,  had  been  displaced  from  the  track.  Un- 
doubtedly, the  charge  limit  as  determined  by  the  United  States 
Bureau  of  Mines  experimental  station  was  exceeded  several  times 
over,  so  that  in  such  circumstances  a  "permissible"  explosive 
would  no  longer  be  considered  permissible.  For  the  benefit  of 
those  who  were  not  familiar  with  the  relation  of  the  Federal 
Government  to  that  of  the  States,  it  might  be  mentioned  that 
eacb  State  had  full  jurisdiction  over  the  mines  within  its  borders, 
including  inspection  and  other  police  duties.  The  function  of 
the  United  States  Bureau  of  Mines  was  investigative  and  educa- 
tional only,  for  it  had  no  authority  to  compel  adoption  of  it« 
recommendations,  nor  could  its  staff  enter  mines  without  per- 
mission of  the  owners  or  of  the  State  authorities. 

In  addition  to  the  shot  previously  mentioned,  it  was  suggested 
by  some  of  the  investigators  that  possibly  another  blast  was  fired 
simultaneously,  by  the  same  electric  current,  with  the  object  of 
breaking  up  a  large  rock  that  had  fallen  on  the  track,  and  was 
found  in  an  adjoining  place  at  the  edge  of  the  open  goaf 
already  referred  to.  If  an  "  adobe  shot  "  was  thus  fired,  the 
explosive  used  was  probably  dynamite.  Samples  of  the  "per- 
missible "  explosive  gathered  at  the  colliery  were  submitted  for 
testing  at  the  Pittsburg  station  of  the  United  States  Bureau  of 
Mines,  and  were  found  to  meet  the  Bureau's  requirements,  when 
tested  in  the  presence  of  gas  and  dust,  and  using  the  maximum 
charge  of  \\  pounds  of  explosive. 
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As  it  was  aatural  to  suspect  thai  firedamp  was  present,  it 
might  be  well  to  quote  further  from  Mr.  Beddow's  report,  as 
follows  : — 

A  week  before  the  explosion  occurred,  I  examined  the  mine  carefully, 
and  found  no  standing  gas,  either  on  top  of  the  eaves  or  in  the  live  workings. 
I  took  a  sample  of  the  main  return  air,  and  had  it  analysed  by  the  United 
States  Bureau  of  Mines  at  Pittsburg,  Pennsylvania.  The  analysis  of  this  air 
~li<i\v<'d  lint  0'19  of  I  per  cent,  of  methane  (CH„)." 

Subsequent  to  the  explosion,  the  investigating  party  tested 
constantly  with  safety-lamps  and  took  many  samples  of  the  air, 
before  the  complete  restoration  of  the  ventilation  in  the  working- 
places,  yet  in  no  case  was  the  percentage  of  methane  over  0'05, 
with  one  single  exception  :  in  a  roof-cavity  in  a  section  of  the 
mine  not  reached  by  the  explosion,  about  1  percent,  was  found. 

In  view  of  Mr.  Demi's  further  remark  as  to  the  spread  of  the 
explosion,  "  although  there  were  water-pipes  and  a  complete 
sprinkling  system  along  the  roads,"'  it  was  interesting  to  note  the 
following  statement  by  Mr.  Beddow  : — 

"  A  water  system  i-  installed  for  fire  protection,  and  pipe-lines  are  laid 
along  the  entries  with  hose  connexions  for  sprinkling  the  coal-dust,  but  this 
work  has  not  been  done  as  thoroughly  as  it  should  have  been  to  prevent  the 

dust  from  exploding October  15th  and  lGth,  1913,  inspected  Dawson 

Mine  No.  2 Mine   was  very  dry  in  a  number  of  places  and  request 

«;i-  made  to  have  dust  wet  down." 

The  fact  could  not  be  questioned  that  in  a  naturally  dry  mine 
it  was  difficult  to  keep  coal-dust  wet,  particularly  in  mines  with 
large  outputs  and  employing  mine  cars  with  gates,  or  where  the 
miners  built  the  coal  high  above  the  sides,  tending  to  make  coal- 
dust  at  a  rapid  rate.  It  was  still  more  difficult  to  maintain  that 
condition  in  a  semi-arid  district  where  the  ventilating  current  had 
a  very  drying  effect.  Nevertheless  in  the  Dawson  Mine,  where 
the  watering  had  been  well  carried  out,  or  in  those  places  that 
were  naturally  wet.  the  explosion  tended  to  die  down;  and  in  one 
group  of  three  parallel  entries,  giving  a  direct  connexion  to  the 
air-shaft  from  the  west  side  of  the  mine  (where  the  explosion 
undoubtedly  originated),  the  flame  failed  to  penetrate  through 
these  entries,  owing  to  their  very  wet  condition.  These  entries 
were  naturally  wet  because  of  passing  through  a  "swam  "  or  low 
place.  The  ne\1  pait  of  entries  connecting  the  west  and  east 
sides  of  the  in i lie  appeared  to  have  been  drier,  and  through  these 
(brought   down  to  a  single  connexion  passage  at  one  point)  the 
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explosion   swepi    with   tiny,   overwhelming   in   disaster  the  east 
side  of  the  mine. 

It  was  also  interesting  to  observe  that  tlie  explosion,  even 
in  some  dry  areas,  tended  to  die  away,  or  did  not  manifest  vio- 
lence, in  those  parts  where  there  was  a  considerable  admixture  of 
-hale  or  (lay.  and  also  on  steep  gradients  where  there  was  sand 
from  the  trolley  locomotives.  Numerous  samples  of  dust  gathered 
along  such  points  were  tested  for  relative  inflammability  in  the 
Bureau's  laboratory.  When  the  ash  (phis  moisture)  content  by 
analysis  was  over  35  per  cent,  the  inflammation  was  feeble;  and 
the  dusts  were  practically  uninflammable,  on  a  laboratory  scale, 
when  the  ash  and  moisture  of  the  mixture  was  over  50  per  cent. 

In  making  tests  on  the  mixed  dusts  at  the  Government  experi- 
mental mine,  it  had  been  found  that  with  a  mixed  dust  containing 
50  per  cent,  of  ash,  propagation  of  an  explosion  could  not  be 
obtained  with  a  starting  explosion  of  coal-dust  in  a  zone  100  feet 
long;  but,  when  the  intensity  of  the  originating  explosion  was 
increased  by  lengthening  the  coal-dust  zone  to  -500  feet,  so  tint 
the  pressure  was  high,  violent  propagation  ensued  through  the 
mixed-dust  zone,  800  feet  in  length,  containing  dust  of  50  per 
cent,  ash  content,  the  flame  going  about  150  feet  beyond  though 
not  issuing  from  the  portal. 

As  to  the  possibility  of  an  inrush  of  air  towards  an  advancing 
explosion,  it  might  be  pointed  out  that  the  utmost  caution  must 
be  exercised  in  accepting  the  evidence  of  excited  witnesses.  It 
had  been  repeatedly  brought  to  notice  that  such  witnesses  had 
reported  the  opposite  of  well-established  facts,  owing  to  their 
imagination  having  carried  them  astray. 

Op  to  February  25th,  1914,  ninety-two  more  or  les,s  violent 
coal-dust  explosion  tests  had  been  made  at  the  Bureau's  experi- 
mental mine,  and  neither  visual  observation  of  movable  objects 
nor,  what  was  none  reliable,  instrument  records  and  moving- 
picture  photographs  had  given  any  indication,  at  the  main  exit 
of  the  explosion  passage-way,  of  inward  movements  until  after 
the  dust,  smoke,  and  Maine  had  burst  outward:  then  an  inward 
rush  followed,  which  after  some  pulsations  backward  and  forward 
was  succeeded,  if  the  explosion  was  extensive,  by  a  slow  nut  ward 
drifting  of  the  smoke  and  afterdamp.  Swinging  vanes  in  the 
explosion  entries,  with  registering  electrical  contacts,  recorded 
the  movements  oi  the  ;iii  and  gases,  and  pui  the  matter  beyond 
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dispute  that  under  the  conditions  prevailing  at  the  experimental 
mine  no  inrush  occurred  until  after  the  explosion  wave  had  passed 
and  the  gases  had  cooled  and  contracted. 

With  regard  to  the  election  of  State  Mine  Inspectors,  Mr. 
Dean  was  quite  right  in  pointing  out  that  the  method  was  unsatis- 
factory ;  hut,  fortunately,  it  only  prevailed  in  a  few  States  having 
small  coal  outputs,  with  the  exception  of  the  geographically  (as 
well  as  geologically)  isolated  anthracite  district  of  Pennsylvania. 
The  more  extensive  bituminous  district  of  Pennsylvania  situated 
in  the  central  and  western  portions  of  the  State  was  subject  to  a 
different  code  of  laws,  by  which  each  Inspector  was  appointed  by 
the  Governor  after  a  qualifying  (and  to  a  certain  extent  competi- 
tive) examination.  It  might  here  be  mentioned  that  Mr.  D.  J. 
Roderick,  spoken  of  by  Mr.  Dean  as  "  one  of  the  Chief  Inspectors 
of  Mines,"  was  one  of  the  valued  anthracite  Inspectors;  but  it 
was  Mr.  lames  E.  Roderick  who  had  for  many  years  been  chief 
of  the  Department  of  Mines  of  Pennsylvania,  with  jurisdiction 
over  both  the  anthracite  and  bituminous  districts. 

With  reference  to  the  question  of  roof-falls  being  caused  by 
wetting,  the  truth  of  that  statement  evidently  depended  upon  the 
nature  of  the  roof.  One  of  the  largest  groups  of  collieries  in 
the  United  States,  the  Consolidation  Coal  Company  and  allied 
companies,  with  mines  in  West  Virginia,  Pennsylvania,  and  else- 
where, had  since  theMonongah  disaster  in  1907  used  the  exhaust- 
steam  humidifying  method  with  conspicuous  success,  in  order 
to  prevent  local  gas  explosions  from  spreading  into  coal-dust 
explosions.  Their  able  consulting  engineer,  Mr.  Frank  Haas, 
considered  that  the  greater  uniformity  of  humid  conditions  of 
the  intake  air  was  better  for  the  roof  than  the  alternation  of  wet 
and  dry  conditions  that  prevailed  with  the  changes  of  weather 
and  season.  The  method  was  now  used  in  many  mines  in  West 
Virginia.  Pennsylvania,  Alabama,  and  elsewhere.  The  record 
of  the  mine-  using  steam-humidifying  methods,  in  the  matter  of 
accidents  from  falls  as  well  as  freedom  from  explosions,  had  been 
excellent.  It  might  have  been  a  matter  of  good  luck — time  would 
prove  that  hut  until  some  disaster  occurred,  or  the  record  from 
falls  ot  roof  became  worse  than  that  of  other  mines  of  the  same 
district,  there  was  reason  to  think  I  hat  ii  was  a  good  method  where 
conditions  permitted  oi  its  application.  Ii  must  be  admitted, 
however,    that   its  application    was  difficult   where  the  haulage- 
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road  was  in  the  main  intake,  as  the  steam  fogged  the  air  for 
considerable  distances,  and  thai  could  only  be  overcome  by 
preheating,  which  was  somewhal  expensive  in  the  rase  of  a  mine 
having  a  large  volume  of  air. 

The  method  of  using  water-sprays  had  proved  less  efficient, 
a,s  their  effed  seemed  to  be  Idealized.  On  the  other  hand,  the 
abundant  use  of  water  put  on  by  liose  had  been  effective;  for 
example,  the  mines  of  I  "tali  had  been  free  from  explosions  sinee 
that  met  hod  had  been  compulsory,  although  it  had  the  disadvant- 
age in  comparison  with  exhaust-steam  jets  of  not  being  so  auto- 
matic, and  in  comparison  with  rock-dust  treatment  of  requiring 
daily  renewal,  the  latter  method  apparently  being'  effective  for 
considerable  periods. 


DISCUSSION  OF  MR.  LEO  DOREY  FORD'S  "NOTES  ON 
A  NEW  PROCESS  FOR  THE  WASHING  OF  COAL  AT 
THE  ST.  NICHOLAS  PIT  OF  THE  SOCIETE  DES 
CHARBONNAGES  HE  LESPERANCE  ET  BONNE 
FORTUNE,  NEAR  LIEGE,  BELGIUM."* 

Mr.  Axexandee  Faflds  (Vancouver.  British  Columbia)  Avrote 
that  although  the  process  described  by  Mr.  Ford  was  as  yet  in 
an  experimental  stage,  still  the  subject  was  a  very  interesting 
one.  and  would,  no  doubt,  give  rise  to  considerable  discussion. 

The  Mining'  Institute  of  Scotland,  so  long1  ago  as  1888, 
appointed  a  committee  to  visit  collieries  in  Great  Britain,  and 
examine  machines  and  methods  of  cleaning,  sorting,  and  pre- 
paring coal  for  the  market.  With  the  exception  of  the  Luhrig, 
all  the  washers  then  in  operation,  including  trough-washers, 
were  carefully  examined,  as  well  as  the  different  methods  of 
sorting  and  preparing  the  coal  for  the  market.  In  their  report 
the  committee  stated  that 

"  Where  the  coal  and  the  refuse  approach  one  another  in  specific  gravity,  it 
appears  that  in  some  cases  the  trough-washer  gives  the  hest  results.  It  is  applicable 
for  small  cpjantities  only,  ami  requires  a  large  flow  of  water  ami  extra  labour  :  but 
it  has  the  recommendation  of  simplicity  and  small  capital  cost.  It  may  also  be 
sometimes  utilized  as  a  means  of  transport  when  the  distance  from  the  pit  to  the 
wagons  or  coke-ovens  is  considerable,  "f 

*  Tram.  Inst.  M.  E.,  1913,  vol.  xlvi.,  page  4'23  ;  and   1914,   vol.   xlvii.,  pajie 
142. 

t  "  Report  of  the  Committee  on  Coal-cleaning,"  Trans.  Mix.  In.*/.  Scotland, 
1SS9,  vol.  xi.,  jiage -J-_'s. 
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In  1876.  at  Lodge  and  Longrigg  Collieries,  Slamannan, 
Scotland,  the  ordinary  trough-washers  were  in  use.  and  had  heen 
since  18(11).  and  were  dealing  with  only  10  and  20  tons  per  hour 
nt  dross  01  screenings:  such  limited  outputs,  with  consequently 
high  costs.  being  the  chief  objections. 

At  Lodge  Colliery  the  trough  was  double,  measuring  GO  feet 
long  by  4  wide  for  part  and  3  feet  for  the  remainder  by  11  inches 
deep.  The  bottom  was  of  steel  |  inch  thic*k,  with  central  division 
and  sides  of  iron  ,:V,  inch  thick;  each  half  or  division  worked 
alternately  to  allow  of  a  dirt  disposal  of  20  per  cent.,  all  graded 
1  in  22  with  descensional  water.  Underneath  that  trough  for 
the  greater  part  of  its  length  was  another  channel  of  concave 
shape  at  a  steeper  inclination,  with  openings  every  8  feet 
measuring  6  by  24  inches  and  (i  by  10  inches  in  the  upper  trough, 
covered  by  stoppers  with  an  intersecting  strip  or  sliding  sluice 
immediately  on  the  higher  side  of  the  dirt  openings.  The 
attendants  consisted  of  two  girls  and  one  man,  whose  wages 
amounted  to  2jd.  per  ton  of  coal  washed. 

The  plant  described  by  Mr.  Ford  appeared  to  be  a  great 
advance  in  efficiency  and  quantity  on  the  process  of  the  common 
trough-washer  extensively  used  in  the  Slamannan  district  of 
Scotland  in  the  years  18G9-1889,  and  probably  later. 

With  the  horizontal,  descensional.  and  ascensional  currents 
iif  water  in  the  Belgian  process,  the  trough  classification  being 
practically  by  density  alone,  the  rheolaveurs,  particularly  in  cas- 
cade, as  also  the  dirt  discharge  orifice,  to  avoid  loss  of  water, 
were  regulated  by  a  special  adjusting  valve  which  permitted  the 
dirt  to  be  discharged  without  obstruction  in  the  chamber.  That 
process  did  away  with  jigs,  which  were  always  difficult  so  to 
adjust  as  to  prevent  the  dfri  discharge  from  carrying  away 
some  of  the  coal.  Considerably  less  water  was  required  than  with 
jigs,  ami  as  the  rheolaveurs  were  placed  from  3£  to  6£  feet  apart, 
and  the  number  required  depended  on  the  cleanliness  and  size  of 
the  coal  to  be  washed,  they  could  he  regulated  very  simply,  afford- 
ing a  wide  use  for  that  class  of  machine,  and  enabling  many 
varieties  or  classes  of  cual  to  he  washed.  In  other  words,  the 
dirtier  the  coal  was,  the  more  rheolaveurs  were  required  and  the 
cleaner  I  he  coal  would  he,  and  via    versa. 

Iii  the  case  of  the  apparatus  called  the  cbntrolavoir ,  analyses 
of  the  washed  product  could  he  checked  at  any  time  speedily  and 
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accurately.  These  were  undoubtedly  great  and  very  important 
Improvements  od  the  Slamannan  trough-washers,  which 
appeared — he  might  say  to  have  been  the  forerunners  of  such 
machines. 

Mr.  Ford  had  stated  that  the  plant  at  the  St.  Nicholas  Pit 
dealt  with  80  ions  per  hour.  Would  he  say  how  many  jigs  and 
how  many  rheolaveurs  were  in  operation  on  that  machine,  and, 
after  doing  away  with  all  the  jig's,  how  many  rheolaveurs  would 
work  and  how  many  tons  of  coal  per  hour  could  be  washed? 
Would  Mr.  Ford  also  state  the  cost  of  installing  and  operating 
the  machine  complete,  including-  settling-ponds  in  both  cases,  for 
the  purposes  of  comparison? 


DISCUSSION  OF  MR.  H.  W.  G.  11  ALBA  IMS  PAPER  ON 
"THE  AUTOMATIC  DISTRIBUTION  OF  STONE-DUST 
BY  THE  AIR-CURRENT,"*  AND  OF  MR.  ROBERT 
CLIVlvS  PAPER  ON  "STONE-DUSTING  AT  BENTLEY 
COLLIERY:  REPORT  TO  THE  DONCASTER  COAL- 
OWNERS'  (GOB-FIRES)  COMMITTEE. "+ 

Mr.  H.  W.  Gr.  Halbaum  (Cardiff)  wrote  that,  after  seeing 
the  printed  proof  of  the  discussion  and  of  his  reply  thereto,  he 
observed  one  or  two  points  which  had.  after  all,  been  overlooked. 
As  his  object  was  to  furnish  a  complete  answer  to  every  single 
objection,  he  would  therefore  ask  to  be  permitted  to  reply  to  those 
points,  and  at  the  same  time  to  apologize  to  the  gentlemen  con- 
cerned for  his  oversight. 

Mr.  W.  Severs  had  suggested  that  the  weight  of  the  proposed 
tray  would  render  the  system  unmanageable.  The  mere  state- 
ment of  two  facts,  however,  would  extinguish  that  objection  at 
once: — (1)  Taking  the  size  of  tub  indicated  in  the  paper,  the 
weight  of  each  tray  would  be  about  the  same  as  that  of  a  single 
shovelful  of  coals,  whilst  the  weight  of  the  stone-dust  put  on  each 
tray  was  practically  negligible.  (2)  It  might  also  be  pointed  out 
that  a  given  weight,  say  20  pounds,  in  the  shape  of  sheet-iron 
was  in  mil  more  buoyant  than  the  same  weight  in  the  form,  say, 
of  a  cube.  A  familiar  instance  was  furnished  by  the  common 
domestic  "blazer"  at    '"blower."        lie  (Mr.    Halbaum)  had  one 

"  Trail*,  hut.   M.  A'..  1914,  vol.  xlvii.,  page  147.  flbid.,  page  53. 
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which  was  just  about  half  the  size  and  half  the  weight  of  one  of 
the  trays  described  in  his  paper,  and  he  had  proved  that  a  little 
boy  8  years  of  age  could  manipulate  it  quite  easily,  and  in  any 
direction,  using  one  hand  only.  He  was  quite  sure  that  Mr. 
Severs,  as  a  practical  man,  might  he  trusted  to  appreciate  the 
bearing  of  those  two  simple  facts. 

Then,  with  regard  to  his  (Mr.  Halbaum's)  half-humorous 
allusion  to  "  stone-drillings,"  lie  would  like  to  remind  those  who 
had  objected  to  thai  allusion  that  the  paper  itself  did  not  really 
touch  the  question  of  stone-drillings  in  any  such  way  as  they 
had  imagined.  Were  those  objectionahle  stone-drillings  not 
already  in  the  pits;  and  were  they  not.  moreover,  already  effi- 
ciently "distributed"  there  by  the  one  particular  method  of 
which  so  many  pentlemen  had,  in  that  discussion,  signified  their 
entire  approval  ?  The  paper  had  not,  therefore,  raised  that 
question  at  all — it  had  merely  taken  account  of  a  condition  that 
already  existed. 

A  further  objection  was  raised  by  Mr.  A.  Dury  Mitton,  who 
suggested  that,  however  well  the  proposed  system  might  act  where 
the  speed  was  higher,  as  under  main-and-tail-rope  haulage,  it 
would  not  act  at  all  in  circumstances  where  the  speed  was  lower. 
as  was  the  case  under  the  endless-rope  system  of  haulage.  He 
(Mr.  Halbaum)  would  like  to  ask  Mr.  Mitton  by  what  system  of 
logic  he  had  arrived  at  such  a  conclusion?  Because,  if  it  were 
true  that  where  the  speed  was  lower  the  system  would  not  distri- 
bute stone-dust  at  all.  it  must  be  equally  true  that  neither  would 
the  coal-dust  be  distributed.  Hence,  if  Mr.  Mitton's  theory  was 
sound,  accumulations  of  coal-dust  could  not  be  possible  under  a 
system  of  endless-rope  haulage.  Such  a  conclusion,  as  all  of 
them  were  perfectly  aware,  was  entirely  contrary  to  experience. 
The  proposed  system  might  succeed  or  fail,  on  a  main-and-tail- 
rope  haulage-road,  but  it  would  succeed  or  fail  to  an  equal  extent, 
on  any  haulage-road  worked  by  other  means.  Other  things  being 
equal,  the  efficiency  of  the  stone-dust  depended  not  merely  on 
the  quantity  distributed,  but  on  the  ratio  which  thai  quantity 
hoie  to  the  quantity  of  coal-dust.  Whatever  system  of  haul- 
age was  employed  would  affect  both  quantities,  but  it  would 
affect  both  of  them  to  the  same  extent;  hence  it  would  not  affect 
the  ratio  of  the  quantities  at  all.  II  dust  of  either  kind  it  did 
not  matter  which     was  distributed  by  one  system  of  haulage,  it 
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would  also  l»t'  distributed  in  greater  or  Less  degree  by  any  othei 
system  of  haulage,  so  thai  where  two  kinds  of  dust  were 
distributed,  both  alike  would  be  distributed  with  a  degree  of 
copiousness  which  depended  upon  the  speed  of  the  haulage  and 
the  efficiency  oi  the  track.  11  was  extremely  surprising  that  so 
many  gentlemen  had  raised  questions  relating  to  the  distribution 
of  the  stone-dust  by  the  proposed  method,  and  had  at  the  same 
time  entirely  overlooked  the  salient  fact  that  whatever  affected 
the  distribution  of  the  one  kind  of  dust  would  affect  the  dis- 
tribution of  the  other  in  a  precisely  similar  inathVniat  ical 
ratio.  At  the  same  time,  he  was  not  so  unreasonable  as  to 
expect  that  all  readers  of  his  paper  would  at  once  see  eye  to 
eye  with  himself  on  the  matter.  The  writer  had  had  full 
time  to  consider  what  his  proposal  meant,  whereas  other  mem- 
bers had  not,  since  his  proposed  innovation  had  been  sprung 
upon  them  at  practically  a  moment's  notice.  Granting  all 
that,  however,  he  had  some  little  difficulty  in  understanding  how 
it  was  that  so  many  members  had  failed  to  grasp  the  fact  that 
whatever  affected  the  distribution  of  the  one  kind  of  dust  equally 
affected  the  distribution  of  the  other  kind.  They  had  only  to  fix 
upon  their  ratio— the  ratio  which  they  wished  the  one  kind  of 
dust  to  bear  to  the  other  kind — and  this  ratio  having  once  been 
fixed,  it  would  not  be  affected  (however  the  absolute  quantities 
might  be  affected)  by  any  system  of  haulage  that  they  might 
adopt,  or  by  any  particular  degree  of  patchiness  or  of  uniformity 
by  which  both  kinds  of  dust  were  distributed. 

Another  objection  raised  by  Mr.  Mitton  was  that  the  system 
would  not  be  suitable  for  such  districts  as  those  where  open-ended 
trams  were  employed.  He  could  assure  Mr.  Mitton,  however, 
that  he  had  no  idea  at  present  of  suggesting  that  mine  managers 
in  such  districts  should  consider  his  proposals  at  all.  It  would  be 
absurd  to  recommend  (dosing  the  top  of  a  tub  whilst  the  ends 
thereof  remained  open.  His  paper  was  addressed  only  to  those 
who  had  already  seen  the  necessity  of  discarding  open-ended 
trams. 

A-  in  the  supposed  efficiency  of  the  water-spraying  method 
preferred  by  Mr.  Mitton.  he  could  only  repeat  what  he  had 
already  stated  elsewhere,  namely,  that  the  efficiency  of  such  a 
system  would  always  be  greatly  discounted  by  the  practical  diffi- 
culty of  ensuring  that  the  very  fine  coal-dust  (which  was  the  only 
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kind  thai  mattered)  would  mix  intimately  with  (lie  water  applied 
to  it.  Sd  far  as  the  finei  and  more  dangerous  class  of  duel  was 
concerned,  his  own  opinion  was  thai  (lie  spraying  of  water  <>n  it 
was  merely  tantamounl  to  playing  with  the  entire  problem. 

Sir  William  Garforth  had  slated  that  he  had  installed  a  ball- 
mill  and  a  mechanical  arrangement  whereby  stone-dust  was  pro- 
jected into  the  air-current  at  the  bottom  of  the  downcast  shaft. 
He  also  stated  that  he  had  found  it  necessary  to  discard  that 
arrangement  in  favour  of  tin-  ordinary  manual  methods  of  stone- 
dusting.  He  (Mr.  Halbaum)  did  not  for  one  moment  imagine  that 
Sir  William  desired  to  imply  that  any  argumeni  thereby  arose 
against  the  efficiency  of  the  system  advocated  in  the  paper  under 
discussion.  One  could  hardly  help  fearing,  however,  that  certain 
hasty  and  unsound  inferences  might  be  drawn  from  that  state- 
ment by  other  people.  It  was  desirable,  therefore,  to  point  out 
clearly  that  the  case  mentioned  by  Sir  William  was  not  by  any 
means  on  all  fours  with  the  case  which  he  (Mr.  Halbaum)  had 
discussed  in  his  paper. 

In  the  first  place,  the  mechanical  arrangement  at  Altofts 
projected  the  stone-dust  into  the  air-current,  but  Sir  William's 
own  candid  statement  showed  that  that  mechanical  arranpe- 
ment  did  not  by  any  means  possess  a  capacity  of  selection 
equal  to  that  possessed  by  the  air-current  itself.  The  extreme 
delicacy  and  sensitiveness  of  that  selective  capacity  in  the 
normal  air-current  had  already  been  postulated  in  the  paper, 
and  had  also  been  proved  by  the  little  experiment  made 
by  Mr.  Mark  Ford  and  described  by  that  gentleman  in  his 
contribution  to  the  discussion.  The  immense  inferiority  of  the 
selective  capacity  possessed  by  the  mechanical  arrangement  al 
Altofts  was  demonstrated  by  the  fact  that  the  air-current  rejected 
immediately  the  bulk  of  the  material  projected  into  it  by  that 
arrangement.  To  quote  Sir  William  Garforth  himself,  "  the 
heavier  dnst  settled  on  the  top  of  the  coal-tubs  and  on  the  rails 
and  interfered  with  the  traffic  .  .  .  although  the  lighter 
dust  was  carried  for  long  distances  in-bye."  The  fundamental 
defeci  of  that  arrangement,  therefore,  was  that  it  gave  the  cur- 
rent  more,  in  respeel  both  of  quantity  and  quality,  than  it 
could  possibly  carry.  It  should  be  observed  that  the  current 
itself  made  no  mistakes — what  dust  it  did  elect  to  carry  was 
''  carried  for  long  distances  m-bye."     The  coarser  material  which 
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settled  on  the  rails  and  interfered  with  the  traffic  was  merely  bucIi 
as  the  air-currenl  itself  would  have  never  selected,  ;hi<1  materia] 
which,  when  tin  ust  into  the  air-current,  was  promptly  rejected, 
as  it  r  ere,  \\  it  h  I  be  ut  most  disdain. 

In  the  second  place,  the  meelianical  arrangement  at  Altofts 
operated  at  om  point  only,  whereas  the  natural  agency  described 
in  the  paper  would  act  all  along  the  line.  The  only  facts  which 
were  really  proved  by  the  Altofts  arrangement,  therefore,  were: 
(1)  that  the  air-current  when  left  to  itself  was  not  able  to  receive, 
much  less  to  seleet,  the  objectionable  gritty  matter;  (2)  that  the 
air-current  was  nevertheless  capable  of  carrying  the  finest,  and 
therefore  the  most  effective,  material  for  long  distances;  but  (3) 
the  experiment  clearly  proved,  in  addition,  that  any  arrange- 
ment, to  be  effective,  must  possess  a  sufficiently  sensitive  capacity 
of  selection  and  also  must  act,  not  at  a  single  point,  but  all  along 
the  line.  These  proved  conclusions  were  in  complete  accord  with 
the  principles  which  had  led  to  the  writing  of  the  paper  under 
discussion,  and  in  perfect  harmony  with  the  concrete  application 
of  those  principles  which  he  had  recommended. 

Lasth7,  he  desired  to  say  a  word  with  regard  to  the  "  certainly 
higher  costs  "  which  had  been  predicted  by  Mr.  Simcock,  and 
also  to  administer  the  finishing  stroke  to  that  bogey  of  the  "  more 
heavily  dust-laden  atmosphere"  which  it  was  alleged  would 
result  from  any  adoption  of  the  system  that  he  had  proposed. 
The  following  remarks  applied  principally  to  the  question 
of  costs,  and  he  would  endeavour  to  put  his  points  as  plainly 
as  possible,  even  at  the  risk  of  introducing  a  little  tediousness, 
since  the  discussion  had  clearly  shown  that  it  was  not  always 
sufficient  to  state  bare  principles  alone.  Taking  as  an  example 
the  size  of  tub  indicated  in  the  paper,  and  adopting  his  own  con- 
cession that  the  trays  should  have  an  inch  of  play  all  round  the 
perimeter  of  the  tub,  he  might  remark  that — 

(1)  The  use  of  the  empty  trays  alone  would  reduce  the  rate  of 
deposition  of  coal-dust  by  90  per  cent.,  and  the  distribution  of 
coal-dust  along  the  main  haulage-lines  would  be  only  10  per 
cent,  of  that  which  at  present  took  place. 

(2)  If,  then,  no  stone-dust  at  all  were  placed  on  the  trays, 
hut  if,  on  the  other  hand,  the  stone-dust  were  distributed  at  night 
by  the  usual  means,  it  was  evident  thai  the  present  ratio  of 
stone-dust  to  coal-dust,  or,  in  other  words,  the  present  standard 
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<it  safety,  would  be  maintained  by  distributing  only  10  percent, 
of  the  quantity  of  stone-dust  distributed  under  present  conditions, 
and,  obviously,  to  reduce  the  present  distribution  by  90  per  cent, 
would  coincidently  mean,  practically,  that  the  labour  and  the 
cost  of  distribution  would  also  be  reduced  by  90  per  cent. 

(3)  But  if,  in  order  to  counteract  the  evil  potentialities  of 
the  remaining  10  per  cent,  of  coal-dust,  labour  at  nights  was 
done  away  with,  all  that  would  then  be  necessary  to  maintain  the 
present  efficiency  would  be  to  place  a  quantity  of  stone-dust  upon 
every  ninth  tray  only,  in  which  case  eight  out  of  every  nine 
trays  would  be  run  empty.  It  was  therefore  impossible  to  see 
where  Mr.  Simcock's  "certainly  higher  costs'"  came  in. 

His  next  task  was  to  settle  the  "  dust-laden  atmosphere." 
That  bogey  had  been  created  and  nursed,  not  only  by  members 
of  that  Institute,  but  by  the  Editors  of  the  Colliery  Guardian  * 
who  in  a  leading  article  had  stated  that  "  Mr.  Halbaum,  if  we 
interpret  him  correctly,  would  create  a  perpetual  atmosphere  of 
stone-dust  in  the  mine."  It  would  be  profitable,  therefore,  to 
consider  to  what  extent,  if  any,  the  writer's  position  had  been 
truly  interpreted,  and  he  would  consider  that  question  by  the  best 
of  all  methods,  namely,  the  mathematical  method. 

He  had  already  shown  that  the  use  of  the  empty  trays  alone 
would  reduce  the  distribution  of  coal-dust  by  90  per  cent.  Hence, 
in  the  first  place  the  "  dust-laden  atmosphere,"  under  the  pro- 
posed system,  would  contain  only  a  tenth  of  the  amount  of  coal- 
dust  that  obtained  therein  under  present  conditions.  In  the 
second  place,  to  neutralize  the  potentialities  of  that  10  per  cent, 
of  coal-dust,  he  proposed  to  distribute  an  equal  amount  of  stone- 
dust  by  means  of  the  haulage,  and  he  proposed  to  do  this,  let 
it  be  admitted,  during  working  hours.  The  total  amount  of  dust 
distributed  during  working  hours,  therefore,  would  be  10  per 
cent,  of  coal-dust  plus  10  per  cent,  of  stone-dust  =  20  per  cent. 
only,  or  a  fifth  of  the  present  distribution  of  coal-dust  alone 
during  working  hours.  Hence,  the  supposed  comparatively  pure 
atmosphere  already  existing  on  the  haulage-roads,  during  work- 
ing hours,  contained  five  times  as  much  dust  as  would  be 
contained  in  the  so-called  "  dust-laden  atmosphere  "  set  up  under 
the  system  which  he  had  advocated.  The  net  effect,  therefore, 
which  would  result  from  the  introduction  of  the  proposed  system 

*  1914,  vol.  cvii.,  page  469. 
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was  that,  in  the  Hist  place,  the  atmosphere  during  working  hours 
would  contain  a  quantity  of  dust  loss  by  80  per  cent,  than  the 
quantity  of  dust  obtaining  under  present  conditions;  and,  in  the 
second  place,  the  expense  of  distributing  stone-dust  by  manual 
labour  at  nights  would  be  entirely  abolished. 

h  appeared,  therefore,  that  the  "more  heavily  dust-laden 
atmosphere'5  which  had  been  so  repeatedly  predicted,  and  the 
"  certainly  higher  costs  "  that  were  to  accompany  it,  might  botli 
be  dismissed  as  mere  figments  of  the  imagination. 

Mr.  John  Verneb  (Chariton,  Iowa.  U.S.A.)  wrote  thai  Mr. 
Halbaum's    conclusion    regarding    the    manner    of    distributing 

stone-dust  was  of  such  value  that  it  should  be  applied  in  a  more 
general  way  to  determine  the  relative  merits  of  proposed  remedies 
for  the  prevention  and  limitation  of  dust  explosions.  Evidently, 
it  permitted  the  deduction  that  the  most  promising  remedy  for 
the  prevention  and  limitation  of  a  dust  explosion  in  a  mine  was 
the  one  that  could  he  applied  effectively  by  the  use  of  the  same 
forces  us  those  which  contributed  to  the  initiation  and  extension 
of  the  explosion. 

Mr.  Halhauni  showed  how  the  remedial  qualities  of  stone-dust 
were  improved  by  the  action  of  the  same  agent  (the  air-current) 
;is  that  which  carried  and  spread  the  dangerous  coal-dust  through 
a  mine,  and  it  had  also  heen  demonstrated  that  stone-dust  hecame 
more  effective  as  a  flame-extinguisher  through  the  action  of  the 
same  forces  as  those  that  contributed  to  the  propagation  of  the 
name.  In  the  application  of  no  other  remedy  were  so  many  of  the 
factors,  contributory  to  the  production  of  an  explosion,  used  in 
providing  also  the  means  of  prevention  and  limitation,  and  the 
reMillv  of  many  tests,  sustaining  the  correctness  of  the  above 
deduction,  proved  that  stone-dust  was  the  most  effective  and 
reliable  remedial  agent  so  far  proposed. 

Mr.  Geobge  S.  Rice  (United  States  Bureau  of  Mines,  Wash- 
ington. U.S.A.)  wrote  that  Mr.  Halbaum's  suggestions  for  the 
distribution  of  stone  or  other  incombustible  dust  were  very  inter- 
esting, and.  after  a  preliminary  rock-dust  treatment  throughout 
the  mine,  might  he  quite  effectual  in  providing  the  necessary 
quantity  of  incombustible  dust  to  prevent  the  propagation  of 
explosions.  Mr.  Halbaum's  method  could,  however,  only  be 
employed  to  advantage  where  closed  cars  were  used,  and  it  did 

is 
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not  seem  possible  to  apply  the  scheme  in  America  on  account  of 
the  very  Large  cars  employed,  and  the  almost  universal  system  of 
building  the  coal  up  above  the  sides.  The  latter  custom  was  an 
unfortunate  one  from  the  standpoint  of  preventing  the  spread  of 
coal-dust  throughout  the  mine,  and  hence  he  (Mr.  Rice)  was  an 
advocate  of  compelling  the  use  of  closed  cars  and  not  permitting 
the  coal  to  be  built  above  the  sides.  It  was  to  be  hoped  that  Mr. 
Kalbaum's  idea  might  be  adopted  by  some  mining  company  in 
Great   Britain,  in  order  that  the  scheme  might  be  tested. 

.Mr.  James  Ashworth  (Vancouver,  British  Columbia)  wrote 
that  Mr.  Halbaum's  paper  described  ways  and  means  of  dealing 
effectively  with  the  coal-dust  danger  in  coal-mines,  but  he  (Mr. 
Ashworth)  suggested  that  he  had  gone  perhaps  a  little  too  far. 
Thus,  if  the  coal  was  loaded  into  a  car  or  tub  with  dust-proof 
joints,  and  wa^s  covered  by  a  closely-fitting  lid,  very  little  of  the 
dust  made  by  the  friction  of  the  pieces  of  coal  against  one  another 
could  escape  into  the  air  during  transportation.  Assuming  that 
such  an  arrangement  was  effective,  it  seemed  altogether  unneces- 
sary to  smother  the  workers  in  the  mine  by  perpetual  clouds  of 
unhealthy  dust.  It  was,  however,  probably  a  wise  precaution  in 
some  mines  to  cover  the  perimeter  of  the  roadways  with  dust  of 
such  a  fineness  that  the  ordinary  velocity  of  the  air  would  not 
carry  it  along.  It  was  also  probably  a  good  precaution  to  spray 
the  cars  or  tubs  of  coal  as  they  came  on  to  the  main  haulage-way. 
He  (Mr.  Ashworth)  thought  that  where  tubs  with  a  lid  were  used, 
and  the  top  of  the  coal  sprinkled  before  the  lid  was  put  on,  there 
was  no  necessity  to  add  very  fine  stone-dust  on  the  top  of  the  lid. 

Mr.  Halbaum  was  clearly  of  the  same  opinion  as  the  writer — 
that  the  floating  and  very  fine  new  coal-dust  was  the  most  danger- 
ous factor  in  a  dusty  mine.  According  to  official  experimental 
results,  a  coal-dust  explosion  could  not  travel  along  a  roadway 
unless  there  was  a  pioneering  cloud  of  dust,  and,  therefore,  if  such 
a  conclusion  were  correct,  there  could  not  be  any  necessity  for 
dealing  with  Ihe  dust  floating  in  the  air,  so  long  as  the  dust  on  the 
perimeter  of  the  roadway  was  made  innocuous. 

In  a  very  large  number  of  mines  in  the  United  States  of 
America  the  main  haulage-roads  were  used  for  the  return  air- 
ways, and  the  air,  being  thus  saturated  with  moisture,  was  prac- 
tically free  from  any  appreciable  dust  floating  in  the  air.    In  such 
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cases  the  ventilating  fans  were  all  made  to  force  the  air  into  the 
mines  instead  of  Bucking  it  out. 

There  was  our  very  serious  consideration  which  had  not  been 
dealt  with  by  Mr.  Ealbaum,  namely,  the  reduction  in  the  output 
caused  by  the  smaller  load  carried  by  each  car  or  tub;  in  many 
places  the  weight  of  coal  carried  would  not  be  more  than  half  the 
present  load.  The  total  abolition  of  blasting  in  the  coal  would  be 
a  far  less  serious  restriction  than  lessening  the  weight  of  coal  per 
car  or  tub. 

The  better  dilution  of  the  gas  produced  at  the  coal-face,  safer 
lighting,  and  the  abolition  of  blasting  and  of  electrical  motor- 
driven  pumps,  hauling  machinery,  and  coal-cutters,  would  give  a 
greater  factor  of  safety  than  an  excessive  quantity  of  stone-dust, 
however  well  it  might  be  distributed.  Fugitive  electric  currents 
might  be  dangerous,  and  ought  to  receive  serious  consideration. 

Mr.  Sank  el  Dean  (Delagua,  Colorado,  U.S.A.)  wrote  that  Mr. 
Halbaum's  paper  suggested  the  making  of  all  tubs  dust-proof, 
and  the  application  of  incombustible  dust  by  the  air-current 
during  the  working  shift.  The  idea  of  providing  the  tubs  with 
lids  caused  one  to  smile,  seeing  that  there  were  thousands  of 
wooden  tubs  that  had  perforated  sides,  ends,  and  bottoms.  The 
difficulty  of  dealing  with  coal-dust  was  much  reduced  where  tight 
steel  tubs  were  in  use.  However,  in  the  United  Kingdom  recent 
legislation  would  demand  tight  tubs  in  a  few  years,  as  Mr. 
Ealbaum  had  pointed  out,  and  the  proposition  of  providing  a 
cover  for  the  tub  was  well  worthy  of  consideration. 

The  human  element,  especially  in  newer  foreign  countries,  in 
connexion  with  the  loose-cover  suggestion,  appeared  to  be  one 
drawback,  and  he  (Mr.  Dean)  thought  that  the  discussion  should. 
when  possible,  have  an  international  bearing  -the  Transactions 
went  to  all  parts  of  the  world,  and  carried  much  influence.  The 
lads  at  the  landings  might  often  neglect  to  put  on  the  covers:  in 
fact,  it  was  certain  that  the  lid  would  often  be  left  behind  in 
countries  where  mine  discipline  had  not  yet  reached  a  very  high 
standard.  It  would  also,  probably,  be  difficult  tor  a  lad  to  fix  a  lid 
on  a  Large-sized  tub,  and  men  would  have  to  be  provided  to  do  the 
work.  The  work  of  taking  off  the  lids  from  the  loaded  tubs  and 
replacing  them  on  the  empties  at  bank  would,  of  course,  mean 
an  increase  in  the  number  of  surface-hands  required.  The  lids 
would  not  prevent  coal  from  being  thrown  out  of  the  tubs,  in  the 
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event  of  wrecks  and  derailments,  with  high-speed  main-rope,  or 
main-and-tail-rope,  <»r  electric-locomotive  haulage,  and  the  loose 

lids  would  not  til  1  lie  tubs  that  got  knocked  out  of  shape.  In  the 
c  ise  of  slow-speed  endless-rope  haulage,  lie  (  Mr.  Dean)  was  of  the 
opinion  thai  loose  lids  would  hardly  he  worth  while.  A  cover 
thai  could  he  removed  and  replaced  mechanically  in  the  tippler, 
and  that  could  lie  easily  handled  by  the  loader  at  the  face,  would 
instantly  appeal  to  mining  men,  hut  he  (Mr.  Dean)  was  obliged 
to  admit  that  he  was  unable  to  devise  any  such  feasible  arrange- 
ment. 

Mr.  Halbaum's  suggestion  of  having  stone-dust  sucked  into 
the  downcast  shaft  was  certainly  good,  but  it  was  doubtful 
whether  it  was  wise  to  distribute  this  dust,  to  a  large  extent,  by 
the  air-current,  in  any  manner  during  the  working-shift.  As 
previously  stated,  the  difficulty  was  much  reduced  when  a  tub 
with  tight  bottom,  ends,  and  sides,  was  installed.  There  would 
always  be  some  cleaiiing-up  necessary  where  the  sides  of  the 
haulage-roads  were  in  coal  which  was  continually  flaking  off 
and  falling  on  to  the  track. 

The  method  of  distributing  stone-dust  by  machine  reduced  the 
cost  of  application.  The  new  dust-blowing  machine,  which  had 
just  recently  been  put  into  use  at  the  mines  with  which  he  (Mr. 
Dean)  was  connected,  distributed  'J, 00(1  pounds  of  dust  per  hour: 
and  it  was  difficult,  if  not  impossible,  for  anyone  to  travel  against 
the  dust-laden  air-current  when  within  400  or  500  yards  of  the 
machine:  in  fact,  it  would  be  foolish  to  breathe  the  air  for  any 
length  of  time  within  half-a-mile  to  a  mile  of  the  machine. 
The  dust-blower  was  not  used  during  the  working  shift,  and. 
alter  the  dust  settled  (the  specific  gravity  being  2'77),  it  was  not 
raised  again,  to  any  appreciable  extent,  by  the  normal  traffic  in 
<  he  mine. 

lie  (Mr.  Dean  i  had  now  been  applying  stone-dust  for  over 
three  years,  and  he  was  of  the  opinion  that  no  lung  troubles  were 
likely  to  lie  caused  where  reasonable  care  was  taken.  He  was 
further  of  the  opinion  that  there  would  be  a  great  demand  for  a 
dust-blowing  machine  that  could  be  operated  in  gaseous  mines 
where  electric  trolley-locomotives  could  not  be  used. 

Prof.  Hknkv  Louts  (Armstrong  College,  Newcastle-upon- 
Tyne)  -aid  that  he  wished  to  draw  attention  to  a  sentence  in  Mr. 
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Olive's  mo8l  valuable  paper,  Less  on  account  of  its  bearings  upon 
thai  paper  than  on  account  of  the  far-reaching  consequences  of 
ihc  principle  involved.     The  sentence  to  which  lie  referred  ran 

a^   follow  -  : 

"  The  amount  of  incombustible  dust  present  in  any  mixture  can  only  be  arrived 
at  in  a  practical  manner  by  sampling  and  analysing  the  sample  for  ash."* 

This  incineration  method  was  also  the  method  recommended 
(albeit  with  certain  qualifications)  by  the  Eskmeals  Committee, 
and  he  wished  now  to  draw  attention  to  it  tor  fear  that  it  might 
lie  adopted  by  the  Home  Office;  tni,  should  this  he  done,  he  was 
convinced  that  the  value  and  efficiency  of  the  stone-dusting 
method  of  quenching  colliery  explosions  would  he  very  seriously 
impaired.  In  the  interests  of  safely  in  mines,  this  incineration 
lest  should  uof  lie  allowed  io  be  the  ultimate  criterion  of  efficient 
stone-dust  ing. 

The  action  of  incombustible  dust  in  preventing  or  quenching 
a  coal-dust  explosion  depended  (probably  amongst  other  actions) 
upon  its  power  of  absorbing  the  heat  evolved  by  the  combustion 
of  the  coal-dust,  and,  in  all  probability,  it  acted  principally  in 
this  manner.  The  rapidity  with  which  heat  would  be  taken  up 
depended  largely  upon  the  fineness  of  the  dust,  seeing  thai  the 
ratio  of  surface  to  mass  was  greater,  the  finer  the  dust.  The 
capacity  of  the  dust  for  absorbing  heat  depended  essentially  upon 
its  composition,  and  dust  that  contained  matter  capable  of  being 
gasified  at  the  temperatures  produced  by  the  combustion  of  coal- 
dust,  must  necessarily  have  a  greater  capacity  for  absorbing-  heut 
than  could  be  possessed  by  dust  which  remained  solid  at  the 
tempera  I  ures  in  quesl  ion.  Thus,  materials  like  shale,  containing, 
say,  Hi  pel  cent,  of  water  of  hydration  ;t  Chance  mud,  con- 
taining (id  per  cent,  of  solid  lime  and  40  per  cent,  of  carbonic-acid 
gas;  and  crude  gypsum,  containing  about  20  per  cent,  of  water 
of  hydration,  would  all  be  far  more  efficient  as  heat-absorbers 
than  materials  like  burnt  shale,  ashes,  sand.  etc. ,  which  contained 
no  ingredients  capable  of  being  gasified  at  the  temperatures  under 
consideration.     Furthermore,  it  was  self-evident   that  oases  like 

*  Trail*.  In*t.  M.  E.,  1914,  vol.  xlvii.,  pa_re  .".4. 

t  Taking  the  specific  heat  of  burnt  shale  or  ashes  at  0"2,  which  should  be 
approximately  correct,  it  would  require  37  calories  to  heat  i  gramme  of  this  material 
from  15  to  200  <Vnt.:  but  1  gramme  of  shale  containing  10  per  cent,  of  water  of 
hydration,  heated  from  15  to  200  Cent.,  would  absorb  approximately  1 10  calories. 
or,  roughly,  three  times  as  much  heat. 
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-team  and  carbonic  acid,  which  were  neither  combustible  nor 
supporters  of  combustion  must  play  a  very  important  part  in  pre- 
venting or  quenching  explosions;  and  it  was  also  self-evident  that 
dusts  capable  of  evolving-  such  gases  must  exert  a  greater  pro- 
tective influence  than  could  dusts  which  did  not  give  off  such 
gases.  He  (Prof.  Louis)  had  already  called  attention  to  this 
point,  and  Dr.  Bedson  had  followed  it  up  experimentally,!  and 
had  shown  practically  that  such  dusts,  capable  of  yielding  gaseous 
products  under  explosive  conditions,  had  greater  quenching  effects 
than  dusts  incapable  of  yielding  these.  Now,  the  grave  defect 
of  the  incineration  method  of  determining  the  quantity  of  incom- 
bustible dust  in  a  mixture  of  stone-dust  and  coal-dust  was  that 
it  took  no  account  whatever  of  these  most  valuable  gasifiable 
constituents  of  the  stone-dust,  and  thus  actually  put  a  premium 
upon  t  he  use  of  the  inferior  type  of  stone-dust.  Supposing,  for  the 
sake  of  argument,  that  it  was  considered  necessary  to  use  a  1-to-l 
mixture  of  stone-dust  and  coal-dust:  if  a  colliery  manager  used 
Chance  mud  for  stone-dusting,  a  mixture  of  equal  parts  of  this 
stone-dust  and  coal-dust  would  on  incineration  show  only  30  per 
cent,  of  solid  incombustible  material  left  after  incineration 
(neglecting  the  ash  in  the  coal),  and  this  form  of  dusting  (al- 
though in  his  opinion  superior  in  quenching  efficiency  to  such  a 
material  as  ashes)  would  be  condemned,  owing  to  the  adoption 
nt  this  incorrect  method  of  determination.  In  the  same  way  a 
1-to-l  mixture,  using  a  shale  containing  10  per  cent,  of  water 
nt  hydration,  would  show  on  incineration  only  45  per  cent,  of 
residual  stone-dust.  Assuming,  for  the  sake  of  argument,  that 
it  \\a>  practicable  to  use  such  a  dust  as,  say,  finely-ground 
amnionic  carbonate,  there  was  no  doubt  that  a  pit  treated  with 
it  would  be  absolutely  immune  from  coal-dust  explosions,  because 
any  heat  would  split  up  this  substance  and  form  a  huge  volume 
of  incombustible  gas  which  would  instantly  quench  any  flame; 
yet  ;i  pit  so  treated  would  by  the  incineration  test  be  returned  as 
containing  no  incombustible  dust   whatever! 

To  prevent  misconception,  he  wished  to  state  distinctly  that 
lie  considered  it  quite  impossible  to  put  this  suggestion  into 
practice;  he  gave  it  only  as  an  extreme,  and  purely  theoretical, 
illustration  of  his  views.     He  thought,  however,  that  a  mixture 

*  Trans.  Inst.  M.  E.,  1913,  vol.  xlv.,  page  318. 
tlbid.,  1!)14,  vol.  xlvii.,  page  174. 
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containing  amnionic  carbonate  would  ho  most  valuable  for  use  as 
"  external"  stemming,  and  he  hoped  that  the  Eskmeals  Commit- 
ter would  sec  their  way  to  conduct  some  experiments  on  this 
subjed  this  latter  suggestion  was  quite  beside  the  main 
question  which  he  was  now  discussing.  He  wanted  to  emphasize 
the  point  that  the  gasifiable  constituents  were  the  most  valuable 
in  a  dust  that  w;is  to  be  used  in  quenching  explosions,  and  it  was 
precisely  these  very  constituents  that  were  disregarded  com- 
pletely in  the  incineration  test.  He  admitted  that  this  test  w.is 
simple,  easy,  cheap,  and  required  the  minimum  of  chemical 
knowledge  for  its  application:  but,  like  most  simple  and  easy 
analytical  methods,  it  was  defective,  as  he  had  shown.  Finally, 
lie  wished  to  enter  a  strong  protest  against  the  adoption  by  the 
Home  Office  of  a  test  merely  because  it  was  easy,  seeing  that  a 
standard  based  upon  such  a  test  was  calculated  to  do  grave  injury 
to  the  coal-mining  industry. 

The  President  (Mr.  W.  C.  Blackett)  thought  that  perhaps 
he  might  say  one  or  two  words  in  answer  to  Prof.  Louis,  as  he 
<  Prof.  Louis)  had  raised,  of  course,  a  very  important  point. 

To  begin  with,  he  did  not  think  that  the  Eskmeals  Committee 
in  suggesting  an  incineration  test  had  any  idea  in  their  minds  of 
laying  down  any  method  that  would  embrace  all  the  circum- 
stances which  might  arise  in  connexion  with  the  dusting  of 
mines.  They  must  bear  in  mind  that  in  the  Act  of  Parlia- 
ment they  found  the  provision,  headed  "Prevention  of  Coal 
Dust,"  that  in  every  mine,  unless  the  floor,  roof,  and  sides  of  the 
roads  were  naturally  wet  throughout,  such  systematic  steps, 
either  by  way  of  watering  or  otherwise,  as  might  be  laid  down  by 
the  regulations  of  the  mine,  should  be  taken  to  prevent  explo- 
sions of  coal-dust  from  occurring,  or  from  being  carried  along  the 
roads.  Well,  all  that  the  committee  proceeded  to  do  was  to 
suggest  that  such  one  systematic  step,  not  more  than  one.  as 
was  contemplated  in  that  particular  part  of  the  Act,  would  be 
taken,  if  the  roads  were  treated  with  incombustible  dust  in 
approximately  such  proportions  as  would  disclose  by  an  incinera- 
tion tot  that  not  less  than  half  of  the  road-dust  was  incom- 
bustible. That  was  as  far  as  they  went.  What  use  the  Home 
Office  might  make  of  that  information  they  could  not  say.  no 
more  than  they  could  say  what  use  might  be  made  of  the  know- 
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Ledge  thai  a  certain  amount  of  water  would  effect  tlie  same 
purpose. 

The  committee  left  an  opening  for  such  a  suggestion  as  Prof. 
Louis  had  made,  in  the  words  of  their  report  where  they  stated 
that  the  incineration  test  had  been  proposed  by  them  to  apply  only 
to  shales  and  other  similar  forms  of  incombustible  dusts;  but  it 
was  not  intended  to  exclude  the  use  of  other  material,  provided 
that  it  yielded  equivalent  results. 

If  the  Home  Office  ventured  to  tackle  the  task  of  prescribing 
a  variety  of  systematic  steps,  they  would  be  met  by  great  diffi- 
culties. For  instance,  in  a  perfectly  dry  mine,  the  1-to-l 
mixture  would  hold  good;  but,  if  that  mine  happened  to  be  very 
damp,  not  sufficiently  damp  for  the  water  to  quench  the  explosion 
alone,  nor  with  sufficient  incombustible  dust  mixed  with  the 
coal-dust  to  act  alone,  it  was  evident  to  common  sense  that  a 
safe  condition  might  be  arrived  at  by  the  knowledge  that  the 
water  was  acting  as  a  part  preventive  and  the  incombustible  dust 
as  the  remainder.  Therefore,  no  rule  which  applied  only  to 
water,  and  no  rule  which  applied  only  to  incombustible  dust, 
would  be  appropriate,  inasmuch  as  there  could  be  a  mixture  of 
both:  in  the  same  way.  no  rule  that  could  be  applied  to  such 
incombustible  dust  as  shale  would  apply  to  such  dusts  or  such 
materials  as  had  been  suggested  by  Prof.  Louis. 

He  (Mr.  Blackett)  would  like  to  utter  a  word  of  warning  about 
a  cry,  which  was  being  set  up  at  the  present  moment,  of  dangerous 
incombustible  dusts,  dangerous,  that  was.  tor  breathing.  People 
were  taking  the  example  of  the  danger  incurred  by  the  Sheffield 
grinders,  and  by  men  who  were  constantly  working  in  stone-drifts 
amongst  fine  crystalline  silica  dust,  as  being  on  all  fours  with  the 
danger  supposedly  arising  from  incombustible  dust  used  for 
quenching  purposes  in  mines,  and  were  begging  the  question, 
that  in  its  application  in  mines  it  would  be  a  menace  to  health, 
because  it  would  necessarily  be  breathed.  Now,  when  once 
incombustible  dust  was  applied  to  the  timbers  and  to  the  ledges 
round  about  the  roads  in  the  mine,  it  was  in  his  opinion  quite 
absurd  to  say  that  it  would  be  constantly  in  the  air  in  such  a 
manner  thai  it  would  be  dangerous  for  breathing.  It  seemed  to 
aim  that  once  the  dust  was  in  such  a  position,  there  it  would 
remain  :  t  here  was  nothing  1o  disturb  it,  and  it  was  nut  dangerous 
if  they  could   not    breathe  it.      lit-  was  not   aware  of  any  forces 
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thai  in  the  ordinary  working  of  the  mine  were  going-  to  throw 
that  dust  oft"  those  timbers,  or  off  those  ledges,  into  the  air-current 
so  that  it  could  be  breathed.  It  was  true  that  if  the  heavier 
parts  of  such  dangerous  dust  as  silica  did  fall  to  the  floor,  some 
of  it  might  be  trodden  up,  and  possibly  they  mighl  get  some  of  it 
into  the  air-current,  but  whether  in  such  a  quantity  as  might 
be  dangerous  was  doubtful.  He,  at  any  rate,  would  like  to  warn 
those  who  might  have  the  duty  of  enquiring  into  the  question 
against  being  led  astray  by  a  cry  of  danger,  when  that  danger 
might  not  really  and  practically  exist. 

Mr.  F.  M.  Weeks  (South  Shields)  said,  with  regard  to  the 
samples  taken  in  the  West  District,  that  it  was  probable  that 
there  was  some  sand  in  them.  A  quantity  of  sand  had  been 
used  in  that  district,  and  it  was  impossible  in  places  to  take  a 
sample  of  dust  from  the  floor  without  getting  some  sand  in  it. 
A^s  would  be  seen  from  Table  III.  (samples  Nos  95  and  9G),  sand 
\v;is  noted  under  the  heading  as  "General  appearance  as  to  Dust." 
This  fact  would  explain  the  discrepancy  in  the  analysis  which 
Mr.  W.  D.  Lloyd  had  pointed  out.  The  paper  was  a  good 
argument  in  favour  of  using  comparatively  coarse  dust.  Dust 
such  as  was  used  at  Bentley  was  cheaper  to  produce,  since  the 
plant  for  its  production  was  far  less  elaborate  and  costly  than 
that  necessary  to  produce  fine  dust,  and  easier  and  therefore 
cheaper  to  apply.  Very  fine  dust,  such  as  could  be  carried  by  an 
air-current,  would  surely  be  more  injurious  to  workmen,  and  it 
was  more  liable  to  cause  trouble  by  getting  on  to  the  tub-axles 
and  rollers.  The  method  of  testing  the  amount  of  stone-dust 
was  only  applicable  in  the  case  of  a  stone-dust  which  did  not  con- 
tain a  large  amount  of  volatile  matter.  A  more  elaborate  method 
would  have  to  be  employed  if  stone-dust  such  as  Chance  mud  or 
carbonate-of-lime  product  was  used.  From  experiment  this 
carbonate-of-lime  product,  when  dry,  gave  off  30  to  42  per  cent, 
of  volatile  matter  when  brought  to  the  temperature  of  a  gas- 
muffle  furnace. 


Mr.  W.  C.  Mountain  read  the  following  paper  on  "The 
Utilization  of  Exhaust-steam  for  Collieries,  Ironworks,  etc.,  and 
the  Cost  of  Electric  Current  Generated  "  :  — 
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THE  UTILIZATION  OF  EXHAUST-STEAM  FOR  COL- 
LIERIES, IRONWORKS,  ETC.,  AND  THE  COST  OF 
ELECTRIC  CURRENT  GENERATED. 


By  \V.  C.  MOUNTAIN. 


As  the  development  of  electrical  plant  for  collieries  is  increas- 
ing" so  rapidly,  it  becomes  necessary  for  the  colliery-owner  or 
manager  to  consider  the  most  economical  method  of  producing  his 
power.  Since  the  exhaust-steam  turbine  appears  to  offer  a  ready 
solution  of  this  difficulty,  the  writer  trusts  that,  in  placing  before 
the  members  some  general  data  as  to  the  steam-consumption  of 
exhaust-steam  turbines,  together  with  the  cost  of  complete  units 
and  the  cost  of  producing  electricity  therefrom,  he  is  giving 
information  which  will  be  of  service  to  those  who  may  be  con- 
templating extensions  on  the  same  lines. 

The  utilization  of  exhaust-steam  by  turbines  was,  the  writer 
believes,  first  rendered  practical  by  the  Hon.  Sir  Charles  Parsons, 
who  found  that  by  exhausting  into  a  high  vacuum  he  was  enabled 
to  obtain  a  considerable  amount  of  power  very  economically. 
The  subject  lay  dormant  for  some  time,  until  Prof.  A.  Rateau 
introduced  his  system  for  the  utilization  of  exhaust-steam  in  con- 
nexion with  the  exhaust-steam  turbine  and  his  heat-accumulator, 
which  consisted  of  a  large  steam-receiver  containing  water,  or, 
as  an  alternative,  iron  rails  or  metal  to  absorb  heat.  It  is  well 
known  that  steam  is  given  off  under  different  conditions  of  pres- 
sure, and  the  steam-accumulator  may  be  briefly  described  as  an 
apparatus  which  under  pressure  absorbs  the  exhaust-steam  in 
the  water  under  one  pressure  and  at  a  lower  pressure  gives  it 
off  for  use  in  the  turbine.  By  adopting  an  apparatus  of  this  kind 
where  the  supply  of  exhaust-steam  is  intermittent,  very  satisfac- 
tory and  economical  results  can  be  obtained. 

In  collieries  where  there  is  a  combination  of  engines,  some 
perhaps  intermittent  and  some  running  regularly,  it  is  not  so 
necessary  to  employ  an  accumulator  of  the  Rateau  or  Rateau- 
Morison  type,  and  accumulators  consisting  of  old  boiler-shells, 
well  lagged,  yield  very  satisfactory  results,  because  an  exhaust- 
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steam  turbine  can  work  from  a  pressure  of,  say,  3  or  4  pounds 
or  more  above  atmospheric  to  a  pressure  to  some  extenl  below  that 
of  the  atmosphere.  Applications  of  this  description  of  receiver 
are  giving  exceedingly  satisfactory  results  in  practice.  The 
writer  merely  mentions  this  point  in  order  that  those  who  may  be 
contemplating  a  scheme  of  the  kind  may  not  be  prevented  from 
doing 60  by  the  high  cost  of  the  Itateau-Morison  accumulator. 

Steam-turbines  may  be  divided  into  three  classes,  namely: 
(1)  those  designed  on  the  impulse  principle,  (2)  those  on  the 
re;ictiou  principle,  and  (3)  a  combination  of  both. 


Fig.  10. — Bellis-&-Morcom  Mixed-pressure  Turbine,  coupled  to  a 
Siemens  1,000- Kilowatt  Generator,  running  at  1,500  Revolutions 
per  minute,  550  volts,  25  cycles. 

In  the  impulse  system  the  pressure-f;)ll  takes  place  only  in 
the  guide-passages  or  nozzles.  The  steam  leaving  these  passages 
or  nozzles  at  a  certain  velocity  impinges  on  the  moving  hlade  and 
passes  through  them,  hut  there  is  no  pressure-fall  across  the 
moving  blades.  This  system  is  known  as  the  Rateau  or  Zcellys 
system . 

In  the  velocity-compounded  system  the  same  action  takes 
place,  that  is  to  say,  the  pressure-fall  takes  place  only  in  the 
nozzles,  but,  in  place  of  one  moving  row  of  blades,  two  or  more 
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are  fitted,  so  that  the  steam,  as  before,  on  leaving  the  nozzles  at  a 
certain  velocity  impinges  on  the  first  moving  row,  and  is  caught 
by  the  fixed  or  guide-blades  and  its  direction  reversed.  The 
steam  is  allowed  to  impinge  again  on  the  second  moving  row  of 
blades,  a  similar  action  taking  place  with  three  or  more  moving 
rows  of  blades.  It  must  be  distinctly  remembered,  however,  that 
the  pressure-fall  takes  place  only  through  the  guide-passages  or 
nozzles,  and  no  pressure-fall  occurs  through  the  guide  or  fixed 
blades,  as  these  are  merely  used  as  a  means  of  changing  the 
direction  of  the  flow  of  steam.     This  system  is  known  as  the 


Fid.    LI. —  VVillans&Ropinson   750- Kilowatt  Type  of  Mixed-pressure 

TuRHO-ALTERNATOR,    COUPLED    TO    A    SIEMENS     ALTERNATOR,     RUNNING 
AT    3,000    REVOLUTIONS    PER    MINUTE,    650    VOLTS,    50    PERIODS. 


Curtis  system;  it  is  used  for  high-pressure  machines,  and  in 
nearly  all  cases  of  turbines  designed  on  the  combined  principle. 
In  the  reaction  system,  which,  to  a  certain  extent  is  a  mis- 
nomer, as  it  is  really  an  impulse-reaction  system,  the  pressure-fall 
takes  place  both  in  the  fixed  and  in  the  moving  blades,  so  that 
the  fixed  blades  are  similar  to  the  guide-passages  or  nozzles  of  the 
impulse  turbine.  The  velocity  due  to  the  pressure-fall  on  leaving 
these  fixed  blades  impinges  against  the  rotating  blades,  thus 
giving  an  impulse  to  the  rotating  blades,  as  in  the  case  of  the 
pure  impulse  type ;  but  the  steam,  on  passing  through  the  rotat- 
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rag  blades,  is  subject  to  a  further  pressure-fall.  Thus  a  reaction 
is  given  to  the  rotating  blades  due  to  this  further  pressure-fall,  so 
that  in  the  reaction  system  it  will  be  seen  that  the  moving  blades 
are  partly  rotated  by  means  of  the  impulse  horn  the  fixed  blades, 


and  partly  by  the  reaction  due  to  the  pressure-fall  in  the  moving 
blades.     This  system  is  known  as  the  Parsons  system. 

It  is  interesting  to  note,  however,  that  turbines  of  the  pure 
reaction  type  have  been  built,  but  are  not  a  commercial  proposi- 
tion, an  example  being  the  Barker's  Mill  and  the  Hero  turbines, 
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both  of  which  consist  of  tubes  placed  radially  to  the  axis  of  the 
turbine.    The  end  of  these  tubes  are  so  bent  over  that  the  steam, 


after  passing  through  them,  expands  at  the  outlet,  the  rotation  of 
these  tubes  being  caused  through  pure  reaction. 
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In  the  impulse-reaction  system,  or,  more  accurately,  the 
impulse  and  impulse-reaction  system,  the  high-pressure  end  is 
usually  of  the  impulse  compounded  for  velocity  type,  and  is  shown 
in  Figs.  5,  6,  and  7  (Plate  VIII.),  in  which  the  steam  is  supplied 
to  the  nozzle-chest  C  and  expanded  through  the  nozzle  D.  The 
steam  then  issues  through  the  nozzle  I)  at  a  high  velocity,  and 
impinges  on  the  first  row  of  moving  blades,  which  are  mounted  on 
the  disc  /•,'.  After  having  given  up  a  certain  amount  of  its  work 
in  this  blade,  the  direction  of  the  velocity  is  changed  by  means  of 
the  fixed  blades    /.   and    impinges  on   the  second   row  of  moving 


Fkj.   14.  — Exterior  of  Warwickshire  Coal  Company's  Power-house  at 
their  new  Colliery. 

blades.  The  steam  having  thus  passed  through  the  impulse  sec- 
tion is  now  practically  at  rest  :  all  the  velocity  previously  im- 
parted to  the  steam  is  used  up,  but  the  steam  is  at  the  same 
pressure  as  when  it  left  the  nozzles.  The  steam  then  enters  the 
reaction  portion  of  the  turbine,  and  is  gradually  expanded  step  by 
step  and  at  small  velocities  through  both  moving  and  fixed  blades, 
until  it  finally  leaves  the  last  row  at  practically  the  pressure  of 
the  steam  existing  in  the  condenser. 

Winding  operations  at  a  colliery  are  in  many  cases  practically 
continuous    from    the   upcast    and    downcast    pits    for   eight   to 
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sixteen  hours  per  day,  and  it  becomes  necessary,  when  utilizing 
exhaust-steam  from  such  a  source,  to  provide  for  the  periods 
when  the  winding-engines  may  he  stopped,  or  when  they  are 
running  intermittently.  This  condition  is  met  by  adopting 
what  is  known  as  the  '*  mixed-pressure  "  type  of  turbine.  A 
mixed-pressure  turbine  is  so  designed  that  it  will  give  its  full 
load  with  exhaust-steam,  and  usually  for  an  overload  capacity  of 
25  per  cent.  It  will  also  give  its  full  load  with  the  same 
overload  capacity  with  high-pressure  steam,  and  by  a  proper 
arrangement  of  admission-valves,  it  will  also  give  full  load  and 


Fig.  15. —Interior  of  Warwickshire  Coal  Company's  Power-house  at 
their  new  Colliery. 

its  overload  with  a  combination  of  high-pressure  and  low-pressure 

steam.       For  this  reason,  this  type  of  turbine  is  almost  entirely 
adopted  in  preference  to  exhaust-steam   turbines  only. 

Mixed-pressure  turbines  are  also  designed  for  working  with 
any  ordinary  pressure  on  the  high-pressure  end,  and  also  with 
superheated  steam;  but,  as  regards  the  low-pressure  or  exhaust- 
steam  end,  this  is  designed  usually  for  a  pressure  of  16  pounds 
absolute,  that  is,  slightly  over  1  pound  above  the  pressure  of  the 
atmosphere.  In  specifying  for  a  turbine  of  this  type,  it  is  there- 
fore necessary  to  consider  the  most  economical  vacuum.     For 
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general  purposes  the  writer  is  inclined  to  advocate  a  vacuum  of 
27i  inches  of  mercury,  with  the  barometer  ;il  -'{()  inches.  He 
st  lecta  this  vacuum  because  he  thinks  it  sufficiently  high  to  give 
all-round  economical  results,  with  an  economical  amount  of 
cooling-water.  Of  course,  with  higher  vacua  a  lower  steam- 
consumption  can  he  obtained,  hut  this  requires  a  much  greater 
quantity  of  cooling-water,  and,  consequently,  a  greater  amount 
of  power  to  drive  the  condensing  machinery. 

As  an  example  of  the  consumption  of  steam  required  by 
mixed-pressure  turbines  per  kilowatt,  the  following  figures 
(Table  I.)  are  submitted,  taken  from  specifications  which  the 
writer  has  received,  and  showing  the  consumptions  which  may 
be  expected  both  upon  high-pressure  and  low-pressure  steam  at 
full,  three-quarter,  and  half-load,  and  at  varying  vacuum  : — 

Table  I. — Consumption  of  Steam  required  by  Mixed-pressure  Turbines 
at  varying  Loads. 

When  working  with  dry  saturated  steam  at  a  pressure  of  70  pounds  above 
that  of  the  atmosphei-e,  the  consumption  per  kilowatt-hour  woiild  be  as 
under  :  — 


Vacuum. 

26  inches. 

27  inches. 

28  inches. 

Full  load 

30-5 

26-8 

25-0 

Three-quarter  load 

295 

27-8 

26  0 

Half  load 

32-2 

30-3 

-  283 

When  working   with  exhaust-steam  at  16  pounds  absolute  pressure,  the 
consumption  of  steam  per  kilowatt-hour  would  be  as  under  :  — 


Vacuum. 

26  inches. 

27  inihes. 

28  inches. 

Full  load 

393 

35o 

31-7 

Three-quarter  load 

410 

371 

331 

Half  load             

44-2 

40-0 

35-7 

It  must,  however,  be  remembered  that  in  all  colliery 
installations — in  fact,  in  all  installations  where  exhaust-steam  is 
used — what  is  known  as  "  dry  saturated  steam  "  is  not  obtained 
except  by  superheating  the  exhaust-steam.  The  steam  always 
contains  a  certain  amount  of  moisture,  and,  therefore,  in  making 
calculations  as  to  the  amount  of  exhaust-steam  required,  the 
writer  usually  allows  at  least  15  per  cent,  upon  the  makers'  guar- 
anteed figures.  In  many  cases  for  turbines  of,  say,  750  kilowatts 
he  has  assumed  an  all-round  figure  of  40  pounds  of  exhaust- 
steam  per  kilowatt  at  16  pounds  absolute  pressure  and  with  27£ 
inches  of  vacuum.    These  figures,  he  thinks,  may  be  taken  as  safe. 

The  writer  still  maintains  the  opinion,  expressed  on  several 
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occasions,  that  for  heavy  winding,  and  where  it  is  not  possible 
to  obtain  electricity  at  a  very  low  rate  per  unit,  the  high-class 
modern  steam-winding  engines  exhausting  into  receivers  from 
which  the  exhaust-steam  is  utilized  in  mixed-pressure  turbo- 
generators constitute  an  extremely  economical  system  of  work- 
ing. 

It  is  interesting  to  note  that  at  a  large  colliery  in  the  Don- 
caster  district  (controlled  by  German  interests)  the  writer's  views 
with  regard  to  the  installation  of  steam-winders  in  connexion 
with  exhaust-steam  turbines  are  fully  borne  out  by  the  fact  that 
plant  of  this  type  is  being  introduced,  and  more  particularly 
seeing  that  the  electric  winder  owes  its  origin  to  Germany. 

In  the  paper  which  the  writer  contributed  to  The  Institution 
of  Mining  Engineers  on  June  14th,  1906,*  he  included  much 
valuable  information  obtained  from  various  collieries  in  regard 
to  the  amount  of  coal  consumed  and  the  cost  of  winding,  also  the 
consumption  of  steam  per  shaft-horsepower,  and  the  results 
varied  considerably  in  accordance  with  the  class  of  engine. 

By  shaft-horsepower  he  means  the  actual  horsepower  required 
for  winding,  assuming  that  it  is  continuous.  For  instance, 
in  a  colliery  winding  250  tons  per  hour  from  a  depth  of  600 
yards,  the  shaft-horsepower  would  be  as  follows : — 

250  tons  per  hour     =     say,  9,300  pounds  per  minute. 

.-.    9,300  pounds  x  1,800  feet  rin    ,     » ,  , 

— £- =  510  shatt-horsepower. 

oo,  OUU 

Such  an  engine  of  modern  construction  (not  compound)  would 
consume  approximately  50  pounds  of  steam  per  shaft-horsepower- 
hour,  assuming  the  steam-pressure  to  be  at,  say,  150  pounds  per 
square  inch  and  superheated  to  100°  Fahr.  This  consumption 
depends,  of  course,  upon  the  construction  and  class  of  engine, 
and  also  upon  whether  it  has  been  correctly  designed  for  its 
work;  but  the  writer  may  say  that  the  consumption  of  steam 
which  he  has  quoted  is  practically  what  has  been  guaranteed  in 
connexion  with  some  heavy  winding-engines  that  have  been 
recently  installed  by  the  Warwickshire  Coal  Company,  Limited. 

To  show  how  great  a  variation  exists,  owing  to  the  difference 
in   type   of   winding-engine,    as   also   to    Ihe   steam-pressure,    the 

'"Commercial  Possibilities  of  Electric  Winding  for  Main  Shafts  and 
Auxiliary  Work,"  by  W.  C.  Mountain,  Trans.  List.  M.  E.,  1906,  vol.  xxxi., 
page  329. 
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writer  gives  in  Table  II.  the  figures  of  estimated  steam-consump- 
tions per  shaft-horsepower  compiled  from  the  data  contained  in 
his  paper  read  before  The  Institution  of  Mining-  Engineers 
already  cited  :  — 

Table  II.  — Estimated  Steam  -consumption  per  Shaft-horsepower  of 

WiNDING-ENOINKS   AT    VARIOUS   CoIXIERIF.S. 


Name  of  Colliery. 

Dimension  of 
cylinders 
of  winders. 

Steam-consumption 

per 

ahaft  -horsepower. 

Pressure 

per 

square  inch. 

I 

nehea. 

Pounds. 

Pounds. 

Bolsover 

32 

by  72 

129 

— 

Denal>y  and  Cadeby 

45 

„  84 

83 

80 

Tredegar  Coal  Company . . 

.   18  by 

28  by  48 

177 

140 

A  Lancashire  colliery 

.       36i 

by  78 

114 

60 

Richard  Evans 

36 

„  78 

95 

80 

Silkstone    ... 

.       32 

„  72 

70 

120 

Rotherhani 

40 

..  78 

48 

105 

Hulton 

32 

,,  72 

102 

80 

Hulton 

36 

„  72 

129 

80 

Athtrton     ...         

.       22 

U  54 

58 

100 

Hickleton  Main    ... 

40 

..  78 

88 

100 

Sherwood     .. 

26 

„  54 

43 

127 

Cowpen       ...         

60 

„  84 

178 

20 

It  is  only  fair  to  say  that  the  consumptions  given  in  the  above 
list  are  in  all  cases  considerably  in  excess  of  the  actual  consump- 
tions in  the  engine-cylinders,  because  the  figures  as  inserted  were 
those  calculated  upon  the  actual  steam  evaporated  in  the  boilers 
based  on  an  evaporation  of  7  pounds  of  steam  per  pound  of  coal, 
and  are  probably  excessive  in  some  cases;  in  addition,  no  allow- 
ance is  made  for  condensation  in  the  steam-pipes  and  for  other 
losses.  When  preparing  this  table,  however,  the  writer  was 
anxious  to  keep  the  consumptions  at  a  figure  which  could  not 
possibly  cause  ground  for  complaint  to  those  who  advocated 
electric  winding.  Notwithstanding,  therefore,  the  high  con- 
sumptions, it.  will  be  noted  that  in  nearly  all  cases  the  ultimate 
cost  of  winding  by  steam  was  considerably  lower  than  the 
winding  by  electricity.  It  is  also  only  fair  to  state  that  since  the 
writer  read  his  paper,  and  as  he  foreshadowed,  considerable 
reductions  have  been  made  in  the  price  of  electric  winders,  and, 
therefore,  the  problem  is  to  some  extent  altered;  on  the  other 
hand,  considerable  improvements  have  been  made  in  winding- 
engines. 
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From  his  own  experience,  and  from  a  number  of  results 
attained  in  practice,  the  writer  finds  that,  for  the  ordinary  run  of 
winding-engines  of  the  earlier  type,  it  may  safely  be  assumed 
that  the  consumption  of  steam  per  shaft-horsepower-hour  is  about 
100  pounds;  but  this  figure  must,  of  course,  be  treated  with  con- 
siderable caution.  It  is  only  after  considerable  experience  with 
this  class  of  work  that  one  is  able  to  arrive  at  such  a  figure  with 
any  certainty;  and  it  is,  therefore,  desirable,  when  possible,  to 
check  the  consumptions  from  indicator-diagrams,  also,  if  possible, 
by  the  amount  of  coal  burnt  under  the  boilers,  and,  in  addition  (if 
it  can  be  obtained)  by  the  amount  of  feed-water.  This,  again, 
leads  to  a  difficulty  where  steam  is  used  in  other  engines,  but,  as 
a  rule,  the  figures  may  be  obtained  from  the  actual  consumption 
of  coal  for  the  winding-engines  themselves.  Assuming,  there- 
fore, the  case  of  a  colliery  equipped  with  two  winding-engines 
and  utilizing,  say,  100  pounds  of  exhaust-steam  per  shaft-horse- 
power-hour,  it  will  be  recognized  that  there  is  a  very  substantial 
asset  in  this  steam,  if  properly  used.  The  writer  will  give  a 
typical  example  of  such  a  colliery. 

Assuming  the  colliery  to  have  two  winding-engines,  each  re- 
quiring 25,000  pounds  of  steam  per  hour,  and  a  fan-engine  con- 
suming, say,  10,000  pounds  of  steam  per  hour,  or  a  total  of  60,000 
pounds  of  steam:  after  deducting,  say,  15  per  cent,  for  con- 
densation losses,  there  will  be  available  at  least  50,000  pounds 
of  steam.  If  this  steam  be  used  in  an  exhaust-pressure  turbo- 
generator, and  assuming,  so  as  to  be  on  the  safe  side,  that  40 
pounds  of  steam  are  required  per  kilowatt  at  16  pounds  absolute 
pressure,  1,250  kilowatts  will  be  obtained,  which  Would  be  quite 
sufficient  to  drive  the  whole  of  the  haulage,  coal-cutting,  and  pos- 
sibly the  pumping  at  a  colliery  which  was  not  heavily  watered. 
This  power  would  be  obtained  without  putting  any  excessive 
hack-pressure  on  the  winding-engines,  or  increasing  the  con- 
sumption. Table  III.  embodies  some  figures,  showing  the  cost  of 
production  of  electricity,  which  the  writer  presents  with  the 
object  of  obtaining  criticism,  and  of  showing  how  very  econom- 
ically electricity  can  be  produced  by  a  plant  such  as  that 
described :  — 
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Tabu  HI.— Cost  ov  Installing  and  Running  a  Mixed-prkssure  Turbo- 

QENBRATOR    WITH    CONDENSING  -PLANT,    ETC. 
(1)    Cost   0/  Plant. 


Turbo-generator 

Ejector  or  jet  condensing  plant    ... 

Average  amount  for  water-pipes  ... 

Average  amount  for  steam-pipes  ... 

Average  amount  for  exhaust-steam-pipes 

Main  switchboard    ... 

Connecting  cables  between  generator  and 
switchboard 

Air-tilter 

Cooling-pond,  assuming  that  the  condi- 
tions are  favourable     ...         250  300  400 

Spray-nozzles  for  cooling  the  condensing- 

water      200  250  300 

Power-house,   flooring,    foundations,    and 

skilled  erection 800  1,040  1,245 


500- Ki  Iowa  ii 
<  ■•  aerator, 

6 
2,800 
950 

750- Kilowatt 
<  Senerator. 

e 

3,000 

1.125 

1,000-Kilowal 

General  or 

c 

3,600 

1,450 

200 

300 

350 

100 

125 

150 

250 

350 

425 

350 

400 

450 

50 

60 

70 

50 

50 

60 

£6,000  £7,000  £8,500 


The  above  ligures  are  taken  from  actual  plants  installed,  and  may  be  con- 
sidered as  approximately  correct. 

(2)  Running  Costs. 

500-Kilowatt  750-Kilowatt    ■    1,000-KMowatl 

Generator.  G         il  or.  Generator. 

€  £  £ 

Steam  (not  valued)   ...          ...          ...          ...                —  —  — 

Oil  for  lubrication 25  30  40 

Waste  ...         ...         ...         ...                 5  5  5 

(General  stores            ...         ...         ...         ...               25  30  40 

Repairs            50  75  100 

Wages  of  three  men  attending  to  turbines             300  300  300 

Proportion  for  electrician   ...         ...         ...               50  50  50 

Incidentals 45  60  90 


£500  £550  £625 

Adding  to  these  totals  10  per  cent,  for 
depreciation  and  5  per  cent,  for 
interest,  it  is  necessary  to  provide  for 
the  following  sums  : — 

Depreciation  600  700  850 

Interest       300  350  425 


Total  running  costs  per  annum     £1,400  £1,600  £1,900 

The  load-factor  must  next  be  considered,  and  this,  of  course, 
has  a  great  bearing  upon  the  ultimate  cost  of  producing  the  cur- 
rent per  unit.     In  Table  IV.,  therefore,   is  given  the  kilowatt 
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output    from   a    500-,    a    T501-,   and    a    1,000-kilowatt  plant   res- 
pectively with  load-factors  varying  from  100  to  10  per  cent.:  — 


Table  IV. — Kilowatts  produckd 

FKOM    A   500-,    A    700-, 

AND    A    1,000-KlL 

Plant  at  varying  Load-factors 

Load-factor. 

500-Kilowatt  Set. 

750-Kilowatt  Set. 

1,000-Kilowatt  Set. 

Per  cent. 

Kilowatts. 

Kilowatts. 

Kilowatt.-., 

100 

4,400.000 

6,600,000 

8,800,000 

90 

4,000.000 

6,000,000 

8,000,000 

80 

3,500,000 

5,300,000 

7,000,000 

70 

3,100,000 

4,600,000 

6,200,000 

60 

2,650,000 

4,000,000 

5,300,000 

50 

2,200,000 

3,300,000 

4,400,000 

40 

1,760,000 

2,650,000 

3,520,000 

35 

1,540,000 

2,300,000 

3,080,000 

30 

1,330,000 

2,000,000 

2,660,000 

25 

1,100,000 

1,660,000 

2,200,000 

20 

890,000 

1,330,000 

1,780,000 

15 

660,000 

1,000,000 

1,320,000 

10 

440,000 

660,000 

880,000 

When  there  is  heavy  pumping-  at  a  colliery,  and  the  fan  is 

driven  electrically,   or  where  there  is  a  considerable  amount  of 

endless-rope  haulage,   a   much   better   load-factor  is,  of  course, 

obtained  than  at  collieries  where,  for  instance,  the  power  is  used 

largely  for  coal-cutting,  main-and-tail  haulage,  or  for  heading- 

uiachines,  or  work  of  that  kind.     But,  with  a  reasonably  good 

load,  the  writer  has  found  that  the  load-factor  varies  between  30 

and  40  per  cent.,  although  in  many  cases  it  has  fallen  as  low  as  20 

or  25  per  cent.,  or  even  lower.    He  has,  therefore,  prepared  Table 

V.,   showing   what  the   approximate  cost    of   producing   current 

would  be  when  based  upon  the  figures  already  given  as  regards 

the  first  cost  of  the  plant  and  running  costs,  with  interest  and 

depreciation  added  :  — 

Table  V.— Approximate  Cost  of  producing  Currf^t  based  on  the  Figures 
given  in  Table  III. 

Load-factor. 
Per  cent 

100 
90 
80 
70 
60 
50 
40 
35 
30 
25 
20 
15 
10 


500-Kilowatt  Set. 

750-Kilowatt  Set 

1,000-Kilowatt  Set. 

Pence. 

Pence. 

Pence. 

0  076 

0-058 

0-052 

0  089 

0  064 

0  057 

0  096 

0-073 

0  065 

0108 

0  084 

0  073 

0127 

0096 

0  086 

0152 

0117 

0104 

0192 

0145 

0130 

0-220 

0168 

0150 

0-253 

0192 

0172 

0-305 

0  233 

0-207 

0-375 

0-290 

0-261 

0510 

0-384 

0-345 

0-750 

0-580 

0-420 
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Under  certain  conditions,  it  is  desirable  to  install  a  stand-bye 
unit,  and,  where  the  demand  for  current  permits,  the  writer 
thinks  it  best  to  install  three  turbo  sets — that  is,  all  alike  and 
interchangeable,  as  follows:  — 

One  set  will  carry  the  light  or  the  night  load. 

Two  sets  together  will  carry  the  full  load. 

Tlic  third  set  to  be  available  as  a  stand-bye. 

This  arrangement  will  be  found  more  economical  in  running 
cost,  and  usually  cheaper  than  two  sets  that  are  each  capable  of 
full  duty. 

If  a  stand-bye  plant  is  installed,  it  adds,  of  course,  to  the  cost 
per  unit,  as  interest  and  depreciation  on  the  additional  machinery 
must  be  provided  for.  Table  VI.  is  therefore  given,  which  pro- 
vides for  the  same  rate  of  interest  (5  per  cent.)  and  depreciation 
(10  per  cent.)  per  annum  on  the  increased  cost  of  the  generating 
plant  :  — 

Table  VI.     Cost  of  two  Mixed  pressure  Turbogenerators  with 

CONDENSING-PLANT,    ETC. 

£ 

Two  500-kilowatt  sets        10,000 

Two  750-kilowatt  sets  ...         ...         ...         ...         12,000 

Two  1,000-kilowatt  sets 14,000 

The  running  expenses  will  be  slightly  increased  in  connexion 
with  the  stores,  that  is,  oil,  waste,  etc.,  but  the  wages  of 
attendants  should  not  be  increased,  and  the  net  running  costs 
are  assumed  to  be  as  follows  : — 


Ordinary  running  costs  ... 
Ad'l  10  per  cent,  for  depreciation 
,,      5  per  cent,  for  interest    ... 


Two 

500-lvilowatt 

Sets. 

Two 

750-KiIowatt 
Sets. 

Two 
1,000-Kilowatt 

Sets. 

£ 

£ 

£ 

550 

600 

700 

1,000 

1,200 

1,400 

500 

600 

700 

Total  running  costs  per  annum  ...       £2,050  £2,400  £2,800 

Occasionally,  it  is  necessary  to  supplement  the  exhaust-steam 
by  passing  a  certain  amount  of  live  or  high-pressure  steam  into 
the  turbine,  or  even  by  running  on  high-pressure  steam  alone. 
In  such  circumstances,  an  addition  to  the  running  costs  must 
be  provided  for  the  coal  consumed  and  the  stokers'  and  ashmen's 
wages,  but  this  can  be  easily  done,  and  the  cost  of  the  current 
generated  may  be  readily  calculated  from  the  tables. 
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Under  varying  load-factors  the  cost  per  unit,  assuming  that 
the  plant  is  generating  only  current,  will  be  approximately  as 
shown  in  Table  VII.  : — 

Tablk  VII.— Cost  of  Generating  Current  at  varying  Load-factors. 


Load-factor. 

Per  oem. 

Two 

500-Kilowatt  Sets. 

Pence. 

Two 

750- Kilowatt  Sets. 
Pence. 

Two 
1,000-KilowattSeti 
Pence. 

100 

0-112 

0  088 

0  076 

90 

0121 

0  097 

0  084 

80 

0-140 

0110 

0  096 

70 

0160 

0126 

0108 

60 

0-186 

0145 

0126 

50 

0  225 

0176 

0152 

40 

0-280 

0-220 

0190 

35 

0-320 

0-250 

0-217 

30 

0370 

0-290 

0-253 

25 

0-450 

0-350 

0-305 

20 

0-550 

0-435 

0  375 

15 

0-750 

0-580 

0510 

10 

I  120 

0-880 

0-760 

It  is  frequently  possible  to  install  turbo-generators  in  such  a 
position  that  they  can  be  looked  alter  by  men  employed  upon 
other  work,  such  as  the  man  in  charge  of  the  fan-engine  or  the 
air-compressing  machinery.  In  these  circumstances,  a  very  con- 
siderable saving  can  be  affected  in  the  running  costs,  and  the  cost 
of  current  per  unit  correspondingly  reduced. 

The  foregoing  figures  (which  are,  of  course,  open  to  criticism, 
but  have  been  substantiated  in  practice)  show  how  remarkably 
economical  a  mixed-pressure  turbo-generating  plant  is  when 
working  under  reasonably  suitable  conditions. 

The  writer  has,  by  the  kindness  of  his  friends,  been  able  to 
give  particulars  of  some  of  the  leading  types  of  turbo-generators 
on  the  market,  and  also  samples  of  the  actual  blading  used  in 
turbines;  but,  before  commencing  to  describe  these  plants,  he 
would  like  to  point  out  that,  in  considering  the  design  of  a  turbo- 
generator, one  of  the  most  important  points  in  his  opinion  is 
the  clearance,  both  axially  and  radially,  because  with  too  fine  a 
clearance  blade-stripping  is  likely  to  occur.  Another  matter  of 
importance  is  to  select  a  design  in  which  there  is  not  too  great  a 
length  between  the  bearings.  With  a  long  shaft  there  is  bound 
to  be  a  certain  amount  of  sag,  and  this  is  the  reason  why  the 
present  makers  of  the  Parsons  type  of  turbine  have  nearly  always 
adopted  the  Curtis  or  impulse  wheel  for  the  high-pressure  end, 
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in  order  to  reduce  the  length.  It  is  also  essential  that  the  com- 
hination  of  turbine  and  generator  should  be  mounted  upon  a  very 
m  issive  bedplate,  and  the  writer  would  hesitate  very  much  to 
select  any  design  of  turbine  in  which  the  skill  of  the  British 
workman  is  to  be  relied  upon  in  order  to  get  the  turbine  and 
generator  accurately  into  line.  This  point,  he  thinks,  is  now 
being  recognized  by  the  makers. 

It  is  also  essential  that  the  governor  should  be  extremely 
accurate,  and  of  a  type  that  will  not  only  maintain  constant  speed 
under  varying  conditions  of  load,  but  will  respond  promptly  to 
any  sudden  change  of  load,  or  change-over  from  high  pressure 
to  low  pressure,  or  vice  versa,  at  practically  a  constant  speed. 

In  considering  the  design  of  condensing  plant,  the  class  of 
water  available  for  cooling  purposes  must  be  taken  into  account. 
The  writer  has  found  that  at  most  collieries  the  water  is  either 
dirty,  or  of  such  a  description  that  it  causes  a  deposit  on  the  tubes 
of  the  surface-condensers;  and,  therefore,  where  it  is  not  essen- 
tial to  have  condensed  water  for  boiler-feeding,  he  is  strongly  in 
favour  of  the  simple  type  of  jet-condenser  This,  of  course,  is 
made  in  various  types  including — (1)  the  ejector-condenser,  in 
which  no  air-pump  is  necessary ;  (2)  the  low-level  jet,  in  which 
a  dry  air-pump  is  necessary,  as  well  as  a  circulating  pump ;  (3) 
the  Le  Blanc  type  of  condenser,  in  which  a  dry  air-pump  and  a 
circulating  pump  are  required;  and  (4)  the  barometric  type  of 
condenser,  which  has  much  to  recommend  it,  on  account  of  its 
extreme  simplicity  and  the  fact  that  when  this  type  is  used  it  is 
almost  impossible  to  flood  the  turbine.  With  any  injection  type 
of  condenser  it  is  also  necessary  to  provide  efficient  vacuum- 
hreakers  to  prevent  risk  of  flooding. 

In  connexion  with  turbo-generators  which  may  be  supplied, 
one  or  two  points  to  watch  are  the  following  :— 

(1)  The  machine  should  be  of  ample  size  so  as  to  work 
without  undue  heating,  and  the  writer  prefers  to  specify  that 
the  machine  should  carry  full  load  for  six  hours  with  a  tempera- 
ture-rise in  no  part  exceeding  the  temperature  of  the  surrounding 
atmosphere  by  more  than  70°  Fahr.  The  machine  should  also  be 
able  to  withstand  an  overload  of  25  per  cent,  for  two  hours  with- 
out undue  heating,  and  a  momentary  overload  of  not  less  than 
50  per  cent.  In  many  cases  machines  will  withstand  an  overload 
Up  to  100  per  cent,  without  injury. 
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(2)  The  rotors  must  be  extremely  well  made,  in  order  to  secure 
accurate  balance,  and  the  writer  has  a  preference  for  rotors  made 
from  a  solid  forging,  with  slots  in  which  to  carry  the  conductors, 
secured  by  either  brass  or  wedges  of  suitable  material,  and  with 
steel  end-covers.  The  rotors  should  also  be  so  designed  as  to 
admit  of  free  ventilation  and  thorough  cleaning-oul,  and  the 
attendants  should  be  instructed  to  see  that  the  air-ducts  through 
the  rotors  and  the  stators  are  kept  clean. 

The  accumulation  of  dirt  in  turbo-generators  can  be  avoided 
by  the  use  of  air-filters,  and  there  are  very  many  satisfactory 
types  on  the  market. 

In  specifying  generators,  it  is  desirable  to  know  the  electrical 
details  in  regard  to  the  voltage-rise  from  full  load  to  no  load  on 
unity  and  varying  power-factors,  and  the  writer  strongly  recom- 
mends the  use  of  automatic  voltage-regulators  in  preference  to 
railing  upon  makers  to  supply  machines  with  a  very  level  char- 
acteristic. 

The  following  illustrations  represent  general  examples  of 
mixed-pressure  turbo-generators  and  arrangements  of  exhaust- 
steam  turbines  referred  to  in  this  paper,  and  these  illustrations 
were  included  in  the  slides  exhibited  by  the  writer:  — 

Figs.  1  to  4  (Plate  VIII.). — General  arrangement  of  the 
exhaust-steam  scheme  at  Silksworth  Colliery,  showing  the  posi- 
tion of  the  winding-engines,  compressor,  and  screens  engine  from 
which  the  exhaust-steam  is  taken,  with  details  of  the  exhaust- 
steam  and  live-steam  pipe  arrangement;  the  position  of  the 
exhaust-steam  receivers,  together  with  the  general  lay-out  of  the 
power-house  containing  three  750-kilowatt  mixed-pressure 
Willans-&-B.obinson  and  General  Electric  Company  turbo- 
generators; fan  of  a  capacitjr  of  ''J50,0()0  cubic  feet  per  minute  al 
<i  inches  watergauge,  driven  alternatively  by  a  Belliss  engine 
direct  or  by  an  electric  motor  of  400  horsepower;  and  lighting 
plant. 

Figs.  5,  0.  and  7  (Plate  VIII.).— Sectional  drawings  of 
Willans-&-B/obinson  mixed-pressure  impulse  reaction  turbine, 
showing  the  high-pressure  impulse  wheel  and  the  low-pressure 
reaction   blading  and  drum. 

Fig.  8  (Plate  IX.)  and  Fig.  14  in  the  text,— Exterior  of  the 
Warwickshire  Coal  Company's  new  power-house,  showing  the 
genera]    arrangement  of  the   two   winding-engine   houses,   with 
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OIL-CATCHER    (GENERATOR). 
LOW-PRESSURE    GOVERNOR-LEVERS 
SPRING    CASE    FOR    HIGH-PRESSURE    STEAM-CHEST. 
HIGH-PRESSURE    STEAM-CHEST 
HIGH-PRESSURE    STEAM-CHEST    COVER    <TOP> 
HIGH-PRESSURE    STEAM-CHEST   COVER    (BOTTOM) 
HIGH-PRESSURE    THROTTLE- VALVE    AND    CAGE 
HIGH-PRESSURE    EMERGENCY    VALVE 
STEAM-STRAINER. 
EMERGENCY    GOVERNOR-GEAR. 
EMERGENCY    TRIP-SPRINGS. 
SPEED-ADJUSTING    GEAR. 

HIGH-PRESSURE    GOVERNOR-LEVERS        ' 
LOW-PRESSURE    STEAM-CHEST. 
LOW-PRESSURE    STEAM-CHEST    COVER    (top) 
LOW-PRE3SURE    STEAM-CHEST    COVER    (BOTTOM  I 
LOW-PRESSURE    THROTTLE-VALVE    AND    CAGE 
LOW-PRESSURE    EMERGENCY-VALVE 
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power-house  between,  containing  the  turbo-generators  referred  to 
in  Fig.  14.  The  cooling-pond  will  be  noticed  in  the  foreground, 
which  is  fitted  with  Earrison-Gjers  nozzles  to  cool  315,000  gal- 
lons of  water  per  hour.  The  pond  communicates  by  a  flume  with 
the  suction  sump  outside  the  power-house.  This  illustration  also 
shows  Hie  arrangement  of  the  steam-  and  exhaust-pipes  and  the 
Elateau-Morison  accumulator. 

Fig.  U  (Plate  IX.)  and  Fig.  L5  in  the  text: — Power-house  of 
the  Warwickshire  Coal  Company's  new  pit  at  Keresley,  near 
Coventry,  showing  two  7.50-kilowatt  mixed-pressure  Willans-&- 
Bobinson  turbines,  coupled  to  General  Electric  Company  alterna- 
tors. 2,750  yolts,  50  cycles. 

The  following  illustrations  appear  in  the  text:  — 

Fig.  10. — Belliss-&-Morcom  mixed-pressure  turbine,  coupled 
to  a  Siemens  1,000-kilowatt  generator,  running  at  1,500  revolu- 
tions per  minute,  550  volts.  2b  cycles. 

Fig.  11. — Willans-&-Ptobinson  750-kilowatt  mixed-pressure 
turbine,  coupled  to  a  Siemens  alternator,  running  at  3,000  revolu- 
tions per  minute,  (150  volts,  50  periods,  at  Houghton  Main 
Colliery. 

Fig.  12. — British  Westinghouse  Company's  type  of  mixed- 
pressure  turbo-alternator,  the  turbine  being  of  the  Uateau 
impulse  mixed-pressure  type. 

Fig.  13. — British  Thomson-Houston  Company's  turbine  of 
the  Curtis  impulse  type,  coupled  direct  to  an  alternator. 


On  the  motion  of  the  President  (Mr.  W.  C.  Blackett),  a 
hearty  vote  of  thanks  was  accorded  to  Mr.  Mountain  for  his 
paper. 


An  audible  and  visual  signalling  apparatus  was  exhibited, 
described,  and  demonstrated  by  the  British  Electrical  & 
Manufacturing  Company,  Limited;  aid  new  mine-surveying 
instruments  were  also  exhibited,  described,  and  demonstrated 
by  Messrs.  E.  R.  Watts  &  Son. 
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THE  NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND 
MECHANICAL  ENGINEERS. 


GENERAL  MEETING, 

Held  in  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 

June  13th,  1914. 


Mr.  JOHN  G.  WEEKS,  Past-President,  in  the  Chair. 


The  Honorary  Secretary  read  the  minutes  of  the  last 
General  Meeting,  and  reported  the  proceedings  of  the  Council 
at  their  meetings  on  May  23rd  and  that  day. 


The   Honorary   Secretary  read  the   balloting  list  for    the 
election  of  Officers  for  the  year  1914-1915. 


The    following    gentlemen   were   elected,    having    been    pre- 
viously nominated :  — 

Members- 
Mi-.  Charles  Percy  Almond,  Mining  Engineer,  Avoca  Lodge,  Village  Road, 

Enfield,  Middlesex. 
Mr.  William  John   Edwards,   Mine   Owner   and   Manager,   Somali   Mines, 

Nkandhia,  Zululand,  South  Africa. 
Mr.  James  Gilchrist,  Mining  Engineer,  12,  Park  Road  North,  Middlesbrough. 
Mr.  John  Raine  Jameson,  Colliery  Manager,  Chilton  Hall,  Ferry  Hill. 
Mr.  John  Laird,  Mechanical  Engineer,  c  o  Cia  Paulista-de-Aniagens,   51a, 

Kua  Sao  Bento,  Sao  Paulo,  Brazil,  South  America. 
Mr.  William  John  Murray,  General  Manager,  Victor  American  Fuel  Com- 
pany, 311,  E.  and  C.  Building,  Denver,  Colorado,  U.S.A. 
Mr.  George  Raw,  Colliery  Manager,  Haltwhistle,  Northumberland. 
Mr.  Benjamin  Walter  Snodgrass,  Mine  Superintendent,  Uelagua,  Colorado, 

U.S.A. 
Mr.  Arthur    Suggett,    Colliery    Manager,     Ivy    House,    Witton  le-Wear, 

County  Durham. 

Associate 
Mr.  John   Fleming  Charlton,  Colliery  Umler-manager,  32,   Prince  Road, 
Tow  Law,  County  Durham. 
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Students — 
Mr.  (Jhaki.es    Harold     Latimer,    Mining    Student,    The    Grange,    Birtley, 

County  Durham. 
Mr.  Tom    Pattinson    Martin,   Jun.,    Mining    Student,    Seaton    Park,    near 

Workington. 
Mr.  KHURSHID  Mir/.a,  Mining  Student,  Armstrong  College,  Newoastle-upon- 

Tyne. 
Mr.  John    Waltkr    Welch,    Mining   Student,   Toft    Hill   House,   Birtley, 

County  Durham. 
Mr.  John  Shiells  Wic.ham,   Mining  Student,  50,   Durham   Road,    Birtley, 

County  Durham. 

Subscribers — 
Messrs.   The    British   Thomson-Houston  Company,   Limited,   Collingwood 
Buildings,  Newcastle-upon-Tyne. 


DISCUSSION  OF  MR.  H.  W.  G.  HALBAUM'S  PAPER  ON 
"THE  AUTOMATIC  DISTRIBUTION  OF  STONE- 
DUST  BY  THE  AIR-CURRENT."* 

Mr.  James  Asiiworth  (Vancouver,  British  Columbia)  wrote 
that  a  short  while  ago,  when  riding  up  a  surfaces-incline 
operated  by  electricity,  he  noticed  that  the  wheels  on  one  side  of 
the  trip  were  sparking  in  a  way  which  reminded  him  of  a  fire- 
works pin-wheel.  A  little  snow  was  on  the  ground  at  the  time. 
The  rails  were  bonded,  and  were  used  for  the  return  current  of 
electricity,  in  addition  to  a  wire  rope  1^  inches  in  diameter. 
Copper  wires  were  also  used  to  connect  the  rails  and  the  rope  at 
every  75  to  100  feet.  Sparking  was  more  noticeable  on  wet  than 
on  dry  days,  and  on  the  return-current  rail  side.  As  this 
sparking  occurred  on  the  outside  of  the  mine,  it  would  appear 
probable  that  it  might  also  be  found  in  the  inside.  An  instance 
of  the  kind  was  reported  in  Coal  Age  some  time  ago,  where  a 
shot  was  fired  by  such  a  current.  It  had  been  stated  that 
occurrences  of  this  sort  were  "  impossible ;"  but  the  question 
remained  whether  the  sparking  from  the  mine-car  wheels  was  or 
was  not  a  possible  danger  in  a  dusty  mine,  especially  where  the 
mine  air  was  damp. 
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DISCUSSION  OF  MR.  JOHN  MORRIS'S  "NOTES  ON  GOB- 
FIRES  AND  BLACKDAMP,  ETC."* 

Mr.  F.  H.  Wynne  (H.M.  Inspector  of  Mines,  Durham)  wrote 
that  Mr.  Morris's  paper  was  valuable  as  a  record  of  his  observa- 
tions and  the  bare  facts  respecting-  the  occurrence  and  treatment 
of  gob-fires  at  Lydbrook  Colliery.  The  conditions  under  which 
these  tires  occurred  did  not  appear  to  differ  materially 
from  the  conditions  that  obtained  at  many  other  mines  which 
were  equally  liable  to  spontaneous  combustion.  The  tempera- 
ture at  the  face  was  certainly  remarkably  low,  but  it  must  be 
remembered  that  there  were  innumerable  instances  on  record  of 
heaps  of  coal  or  shale  firing-  spontaneously,  on  exposure  to  the 
atmosphere  at  bank,  where  the  temperature  averaged  somewhere 
about  50°  Fahr.,  and,  of  course,  was  often  considerably  lower 
than  that. 

With  regard  to  the  presence  (or  rather  the  absence)  of  pyrites 
in  the  seam,  it  would  have  been  a  valuable  addition  to  the  paper 
if  Mr.  Morris  had  given  analyses  of  the  coal  and  the  soft  shale 
above  it :  for  it  had  been  acknowledged  by  the  best  authorities 
on  the  subject  that  if  pyrites  had  any  effect  at  all,  it  was  only 
from  pyrites  which  was  present  in  extremely  minute  particles 
thai  danger  arose,  and  not  from  pyrites  that  was  present  in 
hands  or  nodules. 

Mr.  Morris's  description  of  the  shale  was  somewhat  meagre, 
but,  so  far  as  it  went,  it  would  serve  equally  well  to  describe 
the  well-known  "  hussle,"  which  was  so  intimately  associated 
with  the  Bullhurst  Seam  in  North  Staffordshire.  In  this  con- 
nexion it  was  noteworthy  that  almost  invariably  in  that  district 
a  similar  shale  could  be  found  somewhere  in  close  proximity, 
either  as  ;i  band  in  ihe  seam,  or  at  the  floor,  or  next  the  roof, 
whenever  a  sen  in  was  liable  to  spontaneous  combustion.  The 
peculiarity  of  the  shale  in  every  case  was  that  it  was  soft  and 
shiny,  and  under  very  slight  pressure  broke  up  into  minute  flaky 
particles,  which  however  small  they  might  be,  retained  their 
xitl   shiny  characterist  ics. 

The  conditions  at  Lydbrook  Colliery  appeared  to  be  ideal  for 
the  outbreak  of  gob-fires,  owing  to  the  presence  of  numerous 
faults,    bituminous    coal,    soft    shale,     moisture,    and    uneven 
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settling  of  the  rock-roof,  so  that  the  packs  were  irregularly  com- 
pressed and  the  air  was  able  to  percolate  through  the  goaf. 
Witnesses  who  had  given  evidence  before  the  committee  which 
had  recently  been  silting  to  enquire  into  the  question  of  spon- 
taneous combustion  in  mines  had  stated  repeatedly  that  they 
did  hot  consider  fires  as  duo  directly  to  the  hussle,  but  that  this 
only  played  a  secondary  part  by  acting  as  a  blanket  in  partly 
excluding  the  air  from  the  coal  buried  beneath  it.  It  would  be 
of  much  value  and  interest  if  Mr.  Morris  could  give  some  facts 
and  the  conclusions  to  be  drawn  therefrom  upon  this  question, 
namely,  whether  the  whole  section  of  the  seam  was  removed  at 
Lydbrook,  or  whether  any  top  coal  was  left,  or  any  small  coal 
cast  into  the  goaf  or  packs.  Could  he  say  from  actual  experi- 
ence whether   fires  had  occurred   in   the  total  absence   of  coal? 

Mr.  John  Morris  (Gorseinon,  Glamorgan),  in  reply,  said  that 
Dr.  Harger  stated  that  "  coal  which  had  fired  and  been  artificially 
cooled  was  more  likely  to  heat  up  again  than  the  original  coal." 
This  might  be,  but  if  the  statement  was  meant  to  apply  generally 
to  gob  materials,  it  was  contrary  to  the  author's  experience  at 
Lydbrook  Colliery — though  it  would  be  true  of  several  instances 
of  gob-fires  he  had  known  in  the  western  district  of  South  Wales. 
At  Lydbrook  it  was  almost  the  invariable  custom,  where  heatings 
took  place,  to  spread  out  the  heated  material ;  and,  after  it  had 
cooled  down,  it  was  again  packed  into  the  place  from  which  it 
had  been  taken  :  in  no  instance  was  there  a  second  fire  at  the  same 
spot. 

Very  little  explosive  was  used  for  removing  the  coal.  For 
the  whole  colliery  it  did  not  amount  to  more  than  1  pound  per 
10  tons  of  coal.  Such  as  was  used  was  compressed  gunpowder. 
There  were  whole  districts  where  no  explosive  was  used  at  all : 
these  districts  were  just  as  liable  to  gob-fires  as  the  districts 
where  explosives  were  used  for  coal-getting.  Very  little  explosive 
was  used  for  ripping  the  roads.  A  high  nitroglycerine  explosive 
was  generally  employed. 

The  hygrometer  reading  would  depend  upon  where  it  was 
taken.  In  the  return  airway  the  wet  and  the  dry  bulb  were  prac- 
tically identical.  No  samples  of  the  air  were  taken  where  the 
acetylene-lamps  went  out. 

Prof.  Frank  Clowes  appeared  to  confirm  the  authors  opinion 
that  the  acetylene-lamp  was  a  safe  danger   indicator  in   black- 
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damp.  Xo  doubt  there  were  frequent  occasions  where  an 
acetylene-lamp  might  be  usefully  employed  for  exploring  pur- 
poses in  the  presence  of  blackdamp.  One  occasionally  read  of 
persons  losing  their  lives  in  exploring  disused  shafts  and  wells. 
It  would  he  a  very  simple  matter  to  test  the  atmosphere  in  such 
old  shafts  by  letting  down  an  acetylene-lamp  by  means  of  a  cord. 
In  reply  to  Mr.  F.  H.  Wynne,  he  (Mr.  Morris)  gave  the 
following  general  analysis  of  the  dry  coal: — ■ 

Per  cent. 

Volatile  matter  28-0 

Ash  5-0 

Fixed  carbon    ...         ...         ...         67  0 

Sulphur  (averaged)      ..  ..  ...  ...  16 

The  shale  above  the  seam  varied  very  much.  In  parts  it 
was  very  much  like  the  "hussle"  of  the  Bullhurst  Seam.  In 
some  cases  the  volatile  matter  in  the  shiny  shale  amounted  to 
6  per  cent. 

In  some  districts  of  the  colliery  the  whole  section  of  the  seam 
was  removed  ;  in  other  districts  the  top  coal  was  left  in  the  gob. 
Fires  occurred  in  all  districts.  There  certainly  would  be  some 
small  coal  in  all  the  goaf-packs  throughout  the  colliery. 

The  nature  of  the  immediate  roof  did  not  appear  to  affect  the 
number  of  heatings ;  the  only  influence  that  the  roof  seemed  to 
have  was  in  timely  and  even  subsidence  of  the  main  roof. 


A  mine-signalling  apparatus  and  mechanical  bells  were  ex- 
hibited, described,  and  demonstrated  by  Messrs.  E.  C.  Theedam, 
Limited. 
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NOTES  OF  PAPERS  OX  THE  WORKING  OF  MINES,  METALLURGY, 
ETC.,  FROM  THE  TRANSACTIONS  OF  COLONIAL  AND  FOREIGN 
SOCIETIES  AND  COLONIAL  AND  FOREIGN  PUBLICATIONS. 


The   following   contractions   are   used    in   the  titles    of   the   publications 
abstracted  :  — 

Ann-.  Mines  Belgique.    Annales  des  Mines  de  Belgique,  Brussels. 

Ann.  Mines  Paris.    Annales  des  Mines,  Paris. 

Ann.  Soc.  Geol.  Belg.    Annales  de  la  Societe  Geologique  de  Belgique,  Liege. 

Bur.  Mines.    Bureau  of  Mines,  Washington,  U.S.A. 

Chron.  Trav.  Pub.     Chronique  des  Travaux  Publics,  Brussels. 

Zeitschr.   f.    Berg-   u.    Hiittenwes.      OZsterreichische    Zeitschrift   fiir 
Berg-  und  Hiittenwesen,  Vienna. 

Org.  Indus.    Organe  Industrie],  Liege. 

Proc.  Engineers'  Soc.   W.  Penna.     Proceedings  of  the  Engineers'   Society  of 
Western  Pennsylvania,  Pittsburgh,  U.S.A. 

Rev.  Univ.  Min.     Revue  Universelle  des  Mines,  de  la  Metallurgie,  etc.,  Paris. 

Trans.   Amer.   Inst.   Min.   Eng.     Transactions   of  the   American  Institute   of 
Mining  Engineers,  New  York,  U.S.A. 

Univ.  Minnesota.    University  of  Minnesota,  Minneapolis,  U.S.A. 

Zeitschr.  f.  Berg-,  Hiitt.-  u.  Salinenwes.     Zeitschrift  fiir  das  Berg-,  Hiitten- 
und  Salinenwesen  im  preussischen  Staate,  Berlin. 

Zeitschr.    f.    prakt.    Geol.       Zeitschrift    fiir    praktische    Geologie;    and    ibid. 
(Bergwirtschajtliche  Mitteilungen),  Berlin. 


GEOLOGY,  MINERAL  DEPOSITS,  ETC. 

Coal-seams    Proved    in   the   Central    District   of   Belgium. — Anon.      Chron. 
Trav.  Pub.,  1913,  pages  876-877. 

Explorations   at   Douvrain   and  Saint-Ghislain   by  the   Nord  du  Rieu-du- 

Coeur  Colliery  Company  have  shown  that  the  Coal-Measures  occur  there  at 

depths   of   from    336  to  3,035  feet   (255  to  925  metres).     Besides  several  thin 

fifteen  of  considerable  thickness  have  been  passed  through. 

One   of   the   two   shafts    put    clown    by   the    Societe    Charbonniere    de    La 

Louviere  e1  -  I  lined  the  depth  of  1,280  feet  (390  metres') ; 

;it<<l  analysis  of  the  coal  proved  has  shown  such  results  that  the  company  has 

mined  to  pui   up  coke-ovens  with  bye-product  recovery.  J.  W.  P. 
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Iron-ore  Concessions  in   Belgian   Luxemburg'. — Axon.     Chron.  Trav.  Pub., 
1013,  page  5,250. 

The  Societe  des  Hauts  Fouriieaux  de  Halanzy  has  applied  for  a  concession 
extending  over  about  360  acres  (.146  hectares)  in  the  neighbourhood  of  its 
furnaces,  containing  a  seam  of  limouite,  8£  feet  (2-55  metres)  thick,  dipping 
1  in  62.  This  seam  has  already  yielded  1,400,000  tons  of  ore,  and  is  expected 
to  afford  about  3,500,000  more.  Both  the  forward  and  return  workings  are 
served  by  the  main  rolleyway,  the  haulage  on  which  is  performed  by  benzine 
locomotives  as  well  as  horses. 

The  neighbouring  Mxisson  Smelting  Company  solicits  a  concession  of  about 
30  acres  (.12  hectares)  in  the  same  commune  of  Halanzy,  containing  a  seam  of 
tiiable  oolite  [the  ore  can  be  briquetted],  averaging  5£  feet  (1'6  metre)  in 
thickness  and  dipping  about  1  in  60  to  the  south.  Up  to  the  end  of  June,  1912, 
ore  to  the  amount  of  153,000  tons  had  been  extracted,  and  it  is  estimated  that 
the  mine  still  contains  160,000  tons.  J.  W.  P. 


Briey  iton-field,  France. — Anon.     Chron.  Trav.  Pub.,  1913,  page  3,881. 

The  ore-bearing  Toarcian  strata  of  this  basin,  dipping  under  others  more 
recent,  crop  out  in  the  neighbourhood  of  Longwy,  Luxemburg  City,  Metz,  and 
Xancy,  at  which  places  the  outcrops  have  long  been  known;  but  boring  was 
required  to  prove  the  great  bulk  of  the  deposit,  which  extends  over  an  area  of 
25  miles  (40  kilometres)  from  north  to  south  by  4  to  15  miles  (7  to  24  kilo- 
metres) from  east  to  west.  Ten  mines  afford  an  annual  output  of  from 
500,000  to  980,000  tons;  and  six  others,  an  output  of  from  150,000  to  500,000 
tons,  bringing  up  the  total  annual  production  of  France  to  more  than 
18,000,000  tons  (two-thirds  from  the  Briey  field),  and  thus  placing  that 
country  in  the  third  rank  as  regards  the  world's  iron   production. 

J.  W.P. 


Bitumen   in  the  Zeitz  Brown-coal,  Germany. — By  F.  R.efler.     Zeitschr.  f. 
prakt.  Geo].,  1912,  vol.  xx.,  pages  483-487. 

This  occurrence  is  of  untold  value  for  the  development  of  the  Central 
German  brown-coal  industry,  largely  on  account  of  the  manufacture  of 
commercially  profitable  bye-products  to  which  the  presence  of  bitumen  gives 
rise.     It  is  foreseen,  however,  that  within  two  decades  the  mining  industry 

'  of  Zeitz  will  have  shifted  north-eastwards,  and  the  numerous  deep 
borings  lately  carried  out  in  that  direction  show  that  a  brown-coal  compara- 
tively poor  in  bitumen  will  then  be  struck  :  there  is  practically  no  hope  of 
finding  so  highly  a  bituminous  a  coal  as  that  which  is  now  being  worked  in 
the  south  and  west  of  the  field,  and  therefore  a  judicious  economy  in  the 
utilization  of  the  known  bituminous  brown-coal  is  suggested. 

The  Lower  Oligocene  beds  which  range  eastwards  from  Zeitz  beyond 
Altenburg  and  westwards  to  Weissenfels  include  a  main  brown-coal  seam  50 
'"  65  feet  thick,  with  which  are  occasionally  associated  some  smaller  over- 
lying seams.  From  the  chemical  point  of  view  the  author  distinguishes 
between  the  brown-coal  proper  (1),  and  pyropissite  (2),  a  pale-yellow  to  white, 
resinous,  waxy  product  of  the  decomposition  of  highly  resinous  floras,  and 
finally  (3)  the  pyropissitic  brown-coal,  a  mixture  of  the  two  first-named  sub- 
-tances.  Locally,  the  brown-coal  proper  is  used  for  firing;  while  the  other 
minerals  are  subjected  to  dry  distillation,  or  utilized  for  the  extraction  of 
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bitumen,  as  the  ease  may  be.  As  hinted  above,  the  coal  is  richest  in  bitumen 
along  the  western  and  southern  margins  of  the  field,  while  northwards  and 
'•inwards"  the  percentage  of  bitumen  gradually  decreases:  this  is  graph- 
ically illustrated  on  a  sketch-map. 

The  origin  of  the  deposits  is  discussed,  and  it  is  shown  that  in  Lower 
Oli-ocene  time,  the  local  conditions  favoured  the  development  of  a  flora 
including  plant-  rich  in  waxy  or  resinous  constituents.  Hence  it  is  inferred 
that  these  brown  coals  are  autochthonous,  in  other  words,  not  derived  from 
drifted  plant-remains,  but  from  a  vegetation  which  grew  and  perished  in  situ. 

Bitumen  in  the  Molasse  of  Western  Switzerland.-By  J.  H.  Schaay 
Zeitschr.  f.  prakt.  GeoL,  1912,  vol.  xx.,  pages  488-490. 
At  Orbe  at  Chavornay  and  Mathod  south-west  of  Yverdun,  also  at 
Dardagny  west  of  Geneva,  asphalt  and  bitumen  have  been  found  in  the 
Molasse,  precisely  in  that  part  of  the  South-Western  Jura  where  the  well- 
known  asphalt-deposits  occur  in  the  Cretaceous  and  Jurassic  strata.  At 
Mathod  and  Dardagny  attempts  have  been  made  to  work  the  bitumen  for 
industrial  purposes.  These  occurrences  are  perhaps  the  more  interesting,  that 
at  Chavornay  a  German  syndicate  has  recently  put  down  the  first  boring  for 
petroleum  ever  adventured  in  Switzerland.  The  occurrences  are  briefly 
described,  but  no  conclusions  are  drawn  as  to  their  industrial  importance. 

L.  L.  B. 

Me.nikovite  and  the  Genesis  of  Pyritic  Deposits.-By  Broo  Doss. 
Zeitschr.  f.  prakt.  GeoL,  1912,  vol.  xx.,  pages  453-483. 
On  the  estate  belonging  to  the  Brothers  Melnikov  in  the  Novo-TJzensk 
district  of  the  Government  of  Samara  (Russia),  in  the  course  of  boring  for 
artesian  water  in  the  year  1906.  a  reservoir  of  natural  gas  was  quite  unex- 
pectedly tapped.  Eight  bore-hole,  have  since  been  put  down,  with  the  view 
of  utilizing  the  gas  for  various  industrial  enterprises  in  the  neighbourly ; 
three  of  these  were  perforce  abandoned  owing  to  inflows  of  water,  and  the 
fourth  was  broken  off,  on  account  of  technical  difficulties.  This  natural  gas 
is  remarkable  for  the  high  percentage  of  nitrogen  which  it  contains  ami  there 
appears  to  be  every  probability  that  naphtha  and  even  rock-salt  will  be  found 
at  greater  depths,  down  to  which  boring  has  not  yet  been  carried  out 

Now  in  the  brown  sandy  Miotic  (Miocene)  clays,  120  feet  or  so  thick, 
whicb  are  struck  at  a  depth  of  200  feet,  there  occurs  a  peculiar  black  sulphide 
of  iron  which  proves  to  be  a  new  mineral,  corresponding  to  the  chemical 
formula  Fe2Ss  (bisulphide  of  iron),  and  quite  distinct  in  physical  properties 
from  pyrite  and  marcasite.  To  this  mineral  the  author  has  assigned  the  name 
melnikovite.  Under  given  conditions  tin-  passes  into  pyrite,  and  specimens 
ar€  described  which  actually  illustrate  the  gradual  passage  from  one :  mineral 

into   11 ther.        Perhaps   this   will  help   to  explain   the   genesis   of   bedded 

pyrite-deposite:  melnikovite  was  demonstrably  derived  from  a  hydrated  sul 
plide  of  iron,  which,  in  the  colloidal  state,  is  a  wides pread  c lepos it  a t  the 
present  dav  in  shallow  seas  and  inland  lakes.  The  author  holds  that  the  vast 
majority  of  bedded  pyrite-deposits  are  of  sedimentary  origin:  he  *«**"'* 
,,„!,;,  ,',,,.  mode  of  formation  of  such  deposits,  and  then  adduces  «t  considerable 
,,.„,„,,  the  existing  evidence  in  favour  of  his  contention  It  is  important  to 
note    by  the  way    thai   the  activity  of  various  species  of  bacteria  is  a  detei- 
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mining  factor  in  the  formation  of  such  deposits.  These  organisms  effect  the 
charge  of  carbonates  into  sulphates;  active  precipitation  of  iron  sulphydrates 
excludes  similarly  active  precipitation  of  carbonate  of  lime,  and  this  is  sufficient 
to  account  for  the  fact  that  no  pyritic  deposits  of  any  consequence  occur  in 
calcareous  rocks.  On  the  other  hand,  where  pyrite  occurs  in  an  extremely  fine 
state  of  division  impregnating  limestones  and  dolomites,  bacteria  seem  to  have 
played  no  active  part. 

The  author  claims  to  have  discovered  fossil  ferruginous  bacteria  in  the 
melnikovite  that  occurs  among  the  Miocene  clays  of  the  Government  of 
Samara  (Russia).  That  pyritic  deposits  are  more  abundant  in  the  older 
formations  may  be  attributed  to  the  fact  that  in  the  earlier  periods  of  the 
earth's  history  eruptive  phenomena  were  on  a  grander  scale  than  nowadays, 
and  so  the  deposition  of  sulphur  (in  the  form  of  sulphides)  among  the  early 
sediments  was  immensely  greater.  Then,  also,  from  Archaean  to  Mesozoic 
times  the  surface-waters  were  more  highly  charged  with  iron  than  is  the  case 
now.  Attention  is  drawn  to  the  great  concentration  of  sulphur  in  deposits  of 
Miocene  age. 

Some  attention  is  given  by  the  way  to  the  pyritic  sandstones  and  con- 
glomerates of  the  Witwatersrand,  and  it  is  suggested  that  they  probably 
originated  from  a  "  paste  "  of  iron  sulphydrate  bespattered  with  quartz- 
granules.  With  regard  to  the  genesis  of  the  gold,  the  author  agrees  with 
those  writers  who  uphold  the  theory  of  precipitation.  L.  L.  B. 


Coal  in  Siberia. — Anon.     Org.  Indus.,  1912,  No.  43. 

Great  impetus  was  given  to  coal-mining  by  the  opening  of  the  Trans- 
Siberian  Railway;  but  mineral  fuel  is  little  used,  except  by  works  and  railways, 
on  account  of  the  low  cost  and  unlimited  supply  of  timber.  Coal  has  been 
found  along  the  Trans-Siberian  for  almost  its  entire  length ;  but  the  quality 
is  inferior,  although  the  quantity  is  immense. 

The  richest  deposit  appears  to  be  that  in  a  quadrilateral  figure  formed 
by  the  towns  of  Tomsk,  Barnaul,  Kuznetzk,  and  Novo-Nikolaieff.  Of  the 
twenty  mines  reserved  by  the  State,  nineteen  are  situated  in  the  Tomsk  district 
and  one  in  that  of  Marinsk.  There  are  two  important  workings — one  at  Sudja, 
which  yielded  208,928  tons  (13  million  puds)  in  1908,  and  another  at  Anjer 
which  puts  out  about  321,428  tons  (20  million  puds)  yearly. 

The  deposits  in  the  Akmolinsk  Province  can  scarcely  be  worked  to  advan- 
tage before  the  South  Siberian  Railway  is  opened,  affording  communication 
with  existing  lines  at  Orenbui'g.  Of  the  mines  held  by  the  State  in  the 
Yenisseyisk  Government,  thirty-two,  the  chief  of  which  are  south  of  Kras- 
noiarsk  and  Minussinsk,  are  worked  bv  private  individuals.  Of  the  fifty-four 
privately-owned  collieries  in  the  Irkutsk  Government,  thirty-four  put  out  more 
than  385,713  tons  (24  million  puds)  in  1911,  while  the  State  collieries  produced 
about  16,874  tons  (1,050,000  puds).  The  principal  workings  are  near  the 
Tcherepichovo  village  in  the  Balaganski  district.  In  Transbaikalia  there  are 
collieries  at  Riff  and  Arbagaska,  about  26  miles  (40  versts)  from  Chita. 

As  regards  quantity,  the  Amur  province  is  the  richest ;  but  the  coal  is  of 
inferior  quality,  being  of  too  recent  formation,  and  is  but  little  worked. 
There  is,  however,  one  colliery  worked  to  a  profit,  situated  on  the  Boia.  a 
tributary  of  the  Amur,  and  also  on  the  track  of  the  new  railway ;  it  is  owned 
by  a  company  which  has  proved  a  seam  of  considerable  thickness.  According 
to  official  statistics,  the  production  of  Western  Siberia  fell  off  from  545,777  tons 
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133,948,]  19  puds)  in  1909  to  505,468  tons  (31,571,485  puds)  in  1910,  while  that  of 
Eastern  Siberia  increased  from  925,319  tons  (57,832,479  puds)  to  1,076,827  tons 
(67,301,711   piuU)  in  the  same  period.  J.  W.  P. 


Recent    Progress    in    the    Investigation    of    the    Auriferous    Deposits    of 
Siberia. — By  J.   Ahlbubg.     Zeitschr.   f.   prakt.    Geol.,  1913,   vol.   xxi., 

pages  105-188. 

This  exhaustive  memoir,  amply  illustrated  with  maps  and  sections,  alter 
a  preamble  dealing  with  the  literature  of  the  subject,  gives  a  general 
synopsis  of  the  geological  structure  of  Asiatic  Russia.  Geographically 
this  portion  of  the  great  Muscovite  Empire  is  divisible  into  the  highlands 
and  mountains  of  the  south  and  the  plains  of  the  north.  But,  geologically, 
the  western  plains  of  the  Ob-Irtish  basin  differ  essentially  from  the  eastern 
lowlands.  In  the  former  later  Tertiary  and  Quaternary  deposits  predominate, 
while  the  latter  constitute  a  primeval  plateau,  untouched  by  any  important 
inroad  of  the  sea  since  Silurian  times.  Great  flows  and  intrusions  of  basic 
eruptive  rocks  have  penetrated  into  and  spread  over  the  sediments  of  this 
ancient  tableland. 

With  few  exceptions,  the  auriferous  deposits  of  Siberia  are  genetically 
connected  with  the  occurrence  of  Archaean  or  pre-Cambrian  rocks.  Gold  is 
not  to  be  found  in  the  districts  where  these  rocks  are  hidden  under  a  cover  of 
later  deposits  the  Ob-Irtish  depression,  the  plains  of  Minussinsk  and  the 
Middle  and  Lower  Amur,  etc.).  The  various  gold-mining  districts  are  described 
in  detail.  Concurrently  with  the  gradual  exhaustion  of  the  placers  the  mining 
of  the  gold-reefs  is  assuming  ever  increasing  importance  in  Siberia,  as  may  be 
inferred  from  the  statistics  tabulated  by  the  author,  and  this  statement  holds 
good  especially  of  the  western  districts.  The  auriferous  occurrences  are 
described  in  the  following  order:  (1)  Kirghiz  Steppes;  (2  and  3)  Southern 
Altai;  (5  and  6)  North- Western  and  Central  Altai;  (4,  7,  and  9)  Kuznetsky 
Alatau  or  Eastern  Altai;  (8,  10,  11,  and  14)  Western  and  Eastern  Sayan; 
(12  and  13)  Yenisei  region;  (16  and  17)  Lena  region;  (15,  18,  19,  and  20)  Baikal 
Highlands;  (21  and  22)  Eastern  Transbaikalia;  1 23-26)  Amur  country;  and 
(27)  the  coastal  province.  The  description  of  each  area  is  preceded  by  a 
bibliographical  list. 

Summarizing  the  results  yielded  by  recent  geological  research,  the  author 
points  out  the  importance  of  the  fact  that  in  the  gold-bearing  districts  the 
true  pre-Cambrian  schists  predominate  decisively  over  the  undoubted  Archaean. 
These  pre-Cambrian  schists  over  the  greater  part  of  Eastern  and  Central 
Siberia  are  uniformly  folded  in  a  south-easterly  and  north-westerly  direction, 
and  this  strike  has  been,  on  the  whole,  retained,  despite  much  subsequent 
disturbance  and  later  folding.  After  a  discussion  of  Prof.  L.  de  Launay's 
j  the  genesis  of  the  Siberian  auriferous  deposits,  the  author 
recapitulates  his  final  conclusions  as  follows: — The  primary  deposits  (leaving 
out  of  account  the  later  Tertiary  deposits  of  the  west  and  the  auriferous 
lead-silver  lodes  of  the  east)  are  confined  to  pre-Cambrian  rocks.  They  were 
contact-deposits  arising  from  impregnations  in  the  country- 
rock,  or  fro  i  quartz-lodes  I  not  unrelated  to  aptites  and  pegmatites)  associated 
with  the  intrusion  and  mineralization  of  the  granitic  magma,  which,  following 
on  the  I     D  brian   folding,   made  its  way  into  the  pre-Cambrian 

schists.  The  extraordinary  uniformity  of  the  auriferous  deposits  is  mainly 
due  to  the  uniform  character  and  the  contemporaneous  age  of  the  magma 
from  which  they  originated,  and  secondarily  to  the  depth  at  which  they  were 
01  Hied. 
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The  sej  aration  of  auriferous  sulphides  appears  to  be  specially  characteristic 
of  the  pre-Cambrian  granite-contact,  whereas  stanniferous  ores  appear  to  be 
more  especially  associated  with  the  Henynian  (post-Carboniferous)  granites. 
Tin-ores  of  this  type,  with  the  solitary  exception  of  a  peculiar  occurrence  in 
Transbaikalia,  are  conspicuous  by   their  absence  throughout  Siberia. 

L.  L.  B. 


Pisolitic    Iron-ores    of    Rottorf,    Prussian    Saxony. — By   E.    Harbort    &   A. 
Mestwerdt.    Zeitschr.  f.  prakt.  Geol.,  1913,  vol.  xxi.,  pages  199-202. 

These  ore-deposits  belong  to  the  Jamesoni  Zone  of  the  Lias,  and  are 
essentially  greenish-grey  to  dark-red  calcareous  oolitic  ironstones  of  variable 
texture  ("rotten"  to  compact),  ranging  in  thickness  from  14f  to  16^  feet. 
Some  layers  are  hardly  oolitic  at  all.  It  has  been  customary  to  assert  that 
the  green  ore  is  richer  in  iron  than  the  red,  but  this  statement  has  not  yet 
been  supported  by  chemical  analysis;  moreover,  analyses  of  unmistakably 
red  samples  have  yielded  from  28  to  33  per  cent,  of  the  metal.  The  streak  of 
the  mineral  is  reddish-brown,  and  it  may  be  regarded  as  a  brown  haematite. 

The  two  main  occurrences  are  briefly  described,  and  reasons  are  adduced 
for  the  contention  that  we  are  not  dealing  here  with  a  true  Liassic  basin,  but 
with  a  sunken  fault-block,  bounded  by  Keuper  strata  on  the  south-west,  and 
by  the  Bhaetic  and  the  overlying  lowennost  Lias  on  the  north-east.  The 
total  amount  of  ore  in  sight  is  estimated  at  760,000  metric  tons,  or,  at  the 
very  most,  a  million  tons.  As  the  ores  are  rich  in  metallic  iron,  and  contain 
a  comparatively  high  percentage  of  phosphorus,  mining  operations  shou'd  prove 
remunerative.  It  would  be  possible  to  get  most  of  the  ore  in  opencast  workings, 
and  the  rest  by  shallow  adits.  No  great  difficulties  are  apprehended  from 
water.  The  ore-deposits  are  about  2  miles  distant  from  the  Barmke  station, 
on  the  railway-line  from  Helmstedt  to  (Ebisfelde.  Bottorf  itself  is  linked  up 
with  the  Emmerstedt  central  electricity  works,  and  it  might  be  possible  to 
conduct  mining  operations  electrically.  L.  L.  B. 


Stanniferous     Deposits     in     Spain     and     Portugal. — By     H.     Preiswerk. 
Zeitschr.  f.  prakt.  Geol.,  1913,  vol.  xxi.,  pages  74-81. 

In  March,  1912,  the  author  traversed  what  he  considers  to  be  the  most 
important  tin-ore  region  in  the  Iberic  peninsula,  namely,  that  which  lies  north 
of  the  Duero  or  Douro,  in  the  north-eastern  angle  of  Portugal  and  the 
neighbouring  territories  of  Spain.  The  occurrences  have  this  characteristic  in 
common,  that  they  are  more  or  less  closely  associated  with  the  eruptive 
granites  which  thereabouts  invade  the  predominantly  Palaeozoic  slates. 

First  of  all,  the  Almaraz  Mines,  some  9£  miles  down  stream  from  Zamora 
on  the  Douro,  are  described.  They  are  mostly  situated  on  a  high  bare  table- 
land, 2,460  feet  above  sen-level,  through  which  the  Douro  has  cut  a  gorge  330 
feet  deep.  Her?  older  Palaeozoic  ("probably  Cambrian)  slates  are  broken  into 
by  igneous  neks  of  (possibly)  Carboniferous  age  :  in  their  principal  features 
these  rocks  are  characteristic  of  the  greater  part  of  Northern  Portugal  and 
Gralicia,  a  country  where  stanniferous  deposits  are  admittedly  numerous. 
II'"  slates  ue  highly  micaceous,  the  granites  are  finely  granular  and 
irregularly  seamed  by  quartz-veins.  With  these  veins  the  tinstone  is  very 
closely  associated:  occasionally,  nodules  of  arsenical  pyrites,  but  no  other 
impurities,  are  found  in  the  stanniferous  quartz-veins.  More  or  less  complete 
kaolinization  of  the  felspars  of  the  granites  is  noted  at  certain  points.    Details 
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are  given  of  eight  separate  ore-bodies  in  the  Almaraz  Mines,  and  these  are 
elucidated  by  means  of  a  map  and  section.  The  various  depths  at  which  the 
ores  would  have  to  be  worked,  and  the  amount  of  payable  ore  in  sight,  etc.,  are 
discussed.  On  the  whole,  the  author  concludes  that  in  the  immediate  vicinity 
of  the  Arroyo  de  los  Molinos,  where  mining  operations  could  be  conducted  with 
comparative  ease,  by  means  of  a  cross-cut  1,410  yards  in  length  driven  from 
Las  Pilas,  the  amount  of  ore  in  sight  is  500,000  cubic  metres  (17,657,500  cubic 
feet),  containing  on  an  average  from  0'2  to  0'3  per  cent,  of  metallic  tin. 

The  Lumbrales  Mine,  on  Spanish  soil,  close  to  the  Portuguese  frontier,  is 
next  described.  The  country-rock  is  predominantly  muscovite-granite,  often 
very  schistose  and  much  weathered.  It  is  seamed  by  stanniferous  quartz-lodes, 
generally  perpendicular  and  striking  parallel  one  with  the  other.  The  ore  is 
very  rich,  and  poetically  free  from  damaging  impurities.  A  fair  amount  of 
forewarning  has  been  done  here. 

A  brief  description  is  given  of  the  Pozo  d'Oro  Mine,  near  Mirandella  in 
Portugal.  Arsenical  pyrite  is  of  frequent  occurrence  in  the  stanniferous 
quartz-lodes  here. 

Of  the  usual  associates  of  cassiterite,  it  may  be  remarked  that,  in  all  these 
deposits,  tourmaline  alone  is  of  abundant  and  widespread  occurrence.  Fluor 
and  wolfram  minerals  have  not  been  observed  so  far. 

Carefully  organized  working  on  the  grand  scale  would  alone  make  these 
deposits  pay.  Their  great  horizontal  extent  would  favour  mining  operations 
on  such  a  scale.  L.  L.  B. 


Uranium-deposits  in  Portugal. — By  — .  Legand  &  — .  Eumeey.     Ann.  Mines 
Paris,  1913,  series  11,  vol.  iii.,  pages  111-118. 

Prospecting  work  for  uraniferous  deposits  began  in  Portxigal  in  1906,  and 
actual  winning  was  started  in  190S.  The  ore-bearing  belt  occurs  in  the  great 
granitic  massif  which  overspreads  Xorthern  Portugal  from  the  Galician 
frontier  to  Castello  Branco,  including  the  provinces  of  the  Minho,  Traz  os 
Montes,  and  Beira.  The  richest  deposits  are  found  near  the  southern  margin 
of  the  massif,  between  the  towns  of  Guarda  and  Sabugal :  the  lodes  are  chiefly 
made  up  of  wolframite.  The  region  is  rich  in  other  minerals,  as,  for  example 
galena  at  Bracal ;  mispickel  at  Pintor;  galena  and  chalcopyrite  in  the  Valle 
do  Bicho  and  the  Valle  da  Vouga,  etc. 

The  uraniferous  outcrops  are  not  confined  to  the  granite,  for  they  are 
traced  among  the  neighbouring  Cambrian  slates,  as  in  the  Pontao  de  Eapoula 
mine.  The  horizontal  extent  of  some  of  the  lodes  is  considerable,  one  having; 
been  followed  up  for  about  10  miles.  The  pitch  varies  considerably,  but  is 
always  steep,  and  the  thickness  is  equally  variable.  The  gangue  is  generally 
either  pegmatite  or  quartz.  Down  to  the  depth  so  far  reached  by  the 
workings,  which  have  not  yet  got  to  the  underground  water-level  of  the 
country,  the  ores  chiefly  found  are  the  brilliant  yellow  autunite  (probably 
accompanied  by  urano-circite,  a  urano-phosphate  of  barium)  and  chalcolite  of 
a  rich  emerald-green.  The  tenour  is  variable,  2  per  cent,  being  regarded  as 
very  good,  and  1  per  cent,  as  a  good  average.  At  one  outcrop  the  percentage 
is  as  much  as  4  or  5:  deposits  containing  as  little  as  0*3  to  0"5  per  cent,  may 
be  considered  workable.  The  unaltered  (midecomposed)  ore  has  hardly  yet 
been  reached,  and  it  is  expected  to  present  very  different  characteristics  from 
the  surface-minerals. 

The  Guarda  district  is  a  rugged  plateau  2,950  feet  above  sea-level. 
traversed   by  two  railways.     Apart  from  these,  carting  is  done  by  ox-wagon. 
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but  the  installation  of  telpherage  cables  will  probably  be  started  ere  long. 
Labour  is  abundant  and  cheap.  The  principal  workings  at  present  in  activity 
are  those  of  the  French  syndicate  "TITane,"  employing  (500  workpeople. 

L.  L.  B. 


Tin  and  Gold  in  Bolivia. — By  M.  Armas.     Ann.  Mines  Paris,  1911,  series  10, 
vol.  xviii.,  pages  14(J-230. 

Tin  must  have  been  precipitated  directly  from  the  gaseous  state,  and  not 
by  aqueous  solutions  that  absorbed  the  stanniferous  vapours,  this  origin  of 
tin  oxide  having  been  demonstrated  by  Daubree.  The  ore  is  concentrated 
to  a  64-tin  content ;  but  the  only  fuel  available  is  llama  dung,  which  gives 
about  210  British  thermal  units  (1,200  calories)  and  costs  20s.  to  24s.  per  ton, 
coal  fetching  from  £9  to  £12.  Concentrates  to  the  amount  of  29,673  tons  and 
value  of  £2,480  were  exported  in  1907.  The  workings  are  at  altitudes  from 
1,181  to  1,575  feet  (3,600  to  4,800  metres)  so  that  the  climate  is  cool  and 
healthy. 

Gold  working  is  quite  subordinate.  There  are  no  important  veins  of 
auriferous  quartz;  but  the  Magnique  alluvia  contain  on  an  average  gold 
to  the  value  of  2s.  3£d.  per  cubic  yard  (3'70  francs  per  cubic  metre).  Working 
is  performed  by  dredging  in  a  shallow  river.  Means  of  communication  are 
almost  entirely  wanting;  but,  when  these  are  supplied,  the  placers  of  Bolivia 
will  have  a  brilliant  future.  They  are  in  a  region  of  sub-tropical  climate,. 
and  the  temperature  is  perfectly  bearable.  J.  W.  P. 


Geology    of   the    Missaba    Iron    Ranges,    Minnesota. — By    Charles    E.    van 
Barneveld.     Univ.  Minnesota,  1912,  Bulletin  Xo.  1,  pages  1-215. 

This  Bulletin  is  published  to  meet  the  constant  demands  for  both  technical 
and  popular  information  concerning  mining  practice  on  the  Minnesota  Iron 
Ranges,  and  for  this  purpose  held  work  was  begun  in  May,  1910.  The  Bulletin 
gives  an  outline  of  the  geology  of  the  iron  ranges,  methods  of  prospecting 
practised  in  the  Missabe  Range,  ore-estimating  practice,  and  mining  methods, 
and  deals  with  special  problems  such  as  shaft-sinking,  mining  in  very  wet 
ground,  open-pit  mining,  transportation,  etc. 

The  geological  outline  prepared  by  Mr.  W.  H.  Emmons  states  that  there 
are  three  productive  iron  ranges  in  Minnesota,  namely,  the  Missabe,  the 
Vermilion,  and  the  Cuyuna.  Each  range  is  composed  of  sedimentary,  igneous, 
and  metamorphic  rocks  of  pre-Cambrian  age.  The  structures  are  complex, 
indicating  eventful  geological  histories.  The  iron-bearing  formations  are  of 
sedimentary  origin,  although  there  are  many  exposures  of  igneous  rocks, 
more  or  less  closely  associated  with  them. 

The  principal  ore-formation  of  the  Vermilion  Range  is  of  Archaean  age. 
The  Missabe  ore-formation,  and  probably  the  Cuyuna  also,  belong  to  the 
Upper  Huronian.  In  the  Vermilion  Range  the  ore-bearing  rocks  are  closely 
folded,  and  dip  at  high  angles.  Folding  in  the  Cuyuna  Range,  although 
pronounced,  is  less  intense,  while  in  the  Missabe  Range  gentle  folds  and  low 
dips  prevail. 

The  portions  of  the  iron-formation  containing  workable  ore-bodies  have 
all  been  subject  to  weathering  or  sui-face  decomposition,  although  visible 
evidence  of  this  is  lacking  in  some  deposits.  Surface  water  is  seldom  pure; 
it   usually  contains   in   solution  small  quantities  of  salts  obtained  from  the 
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atmosphere  or  the  soil.  As  this  water  trickles  clown  through  the  iron  forma- 
tion-, it  takes  into  solution  many  elements,  especially  the  alkalies,  lime,  and 
magnesia.  Thus  charge  i.  it  bec<  mes  a  solvent  for  silica.  Iron  is  much  less 
soluble,  and  therefore  remains  behind  while  the  impurities  are  removed. 
Wherever  fracturing  has  permitted  the  free  circulation  of  water,  leaching  has 
taken  place.  The  fractured  and  retted  portions  of  the  iron-formation-  are, 
Fore,  invariably  much  richer  than  the  less  permeable  portions.  In 
portions  of  the  Vermilion  Range  this  weathering  and  concentration  preceded 
the  folding  of  the  rocks  into  the  pitching  trough-  characteristic  of  this 
range;  the  rotted,  enriched  portions,  therefore,  were  folded  with  the  poorer 
portions  of  the  iron  ranges,  so  that  the  workable  ore-  may  be  found  at  depths 
as  great  as  2,000  feet  below  the  present  surface.  The  Missabe  ore-formation 
t  been  folded  to  any  extent  since  it  was  exposed  to  surface-weathering 
and  concentration;  consequently,  the  ores  are  nearer  the  surface,  and  no 
workable  ore-body,  proved  so  far,  exceeds  500  feet  in  depth.  In  the  Cuyuna 
Range,  workable  ore  is  found  at  greater  depth. 

Surface-leaching  remove-  the  silica,  alkalies,  and  magnesia,  concentrates 
the  iron  oxide.-,  and  leaves  the  soft  and  very  porous  iron-ore  characteristic 
of  the  Missabe  Range.  In  the  Vermilion  Range.,  the  deep  ores  are  hard  and 
dense.  Some  of  them,  at  least,  are  undoubtedly  portions  of  the  iron-formation 
that  have  been  weathered  and  enriched  and  later  infolded  and  indurated  by 
pressures  exerted  in  pre-Cambrian  times.  A.  P.  A.  S. 


Mine  Exploration  and  Working-  in  the  Belgian  Congo.-  Official  Repokt  to 
the  Belgian  Chambers,  1912,  pages  21-23  and  115-124. 

Prospecting  in  the  Lower  Cliari  and  the  Nizi  has  led  to  the  find  of  gold- 
bearing  alluviums;  and,  as  the  result  of  "flying  explorations"  in  the  Ituri 
basin,  it  has  been  decided  to  subject  this  region  to  close  examination. 

The  Moto  gold-mines,  where  working  began  in  November,  1911,  with  12 
European  officials  and  1,400  natives,  gave  a  mean  monthly  yield  of  30  pounds 
(14  kilogrammes),  compared  with  which  the  Kilo  mines  only  yielded  5J  pounds 
(2J  kilogrammes)  at  the  commencement  of  working.  Explorations  hold  out 
the  hope  of  other  auriferous  deposits  being  discovered  to  the  east  of  Moto. 

Mine  prospecting  is  being  continued  in  the  Katanga  province;  and  many 
special  permits  to  explore  have  been  issued.  The  Etoile  du  Congo  copper-rnine 
of  the  Union  Miniere  du  Haut-Katanga  comprises  three  distinct  "  blocks,"  one 
of  which  is  being  actively  worked;  and  the  existence  is  proved,  at  a  depth  of 
about  98  feet  (30  metres),  of  from  180,000  to  270,000  tons  of  ore  with  a  mean 
content  of  11*6  per  cent. 

In  the  Kambove  copper-mine,  a  492-yard  (450-metre)  level  with  approach 
adits  and  fiv<  cross-measure  drifts,  together  437  yards  (400  metres)  long,  have 
given  -m  h  results  as  to  induce  three  several  experts  to  estimate  the  deposit 
at  (1)  1,800,000  tons  of  12-per  cent.,  (2)  2,500,000  tons  of  14-per  cent.,  and 
(3)  3,000,000  tons  of  12-per  cent.  ore.  The  company  proposes  to  bring  this 
mine  into  active  working  and,  thanks  to  the  reduced  railway  rates,  to  send  the 
ore  to.  the  Lubumbashi  smelting-works.  The  Kasouso  tin-mine  is  also  to  be 
prepared  for   working. 

A  committee  has  been  formed  for  exploiting  the  Kuudeluugu-Lualaba 
diamond-mines,  chiefly  comprising  alluvial  land  along  the  Upper  Lualaba,  in 
which  gems  have  been  found,  and  also  "pipes"  or  "chimneys"  of  diamond- 
bearing  ground   on    the   Kundelungu   plateau.     Several   small   diamonds   have 
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been  found  in  the  Largest  pipe,  thai  of  Luanza,  thus  confirming  the  conclusions 
of  pros]  ectors. 

The  Societe  Anonyme  de  Recherches  Minieres  du  Bas-Katanga   has  sub- 

bed  a  convention  carrying  with  it  the  exclusive  right  to  explore  seven 
"blocks'*  of  about  2,0tH.194  acres  (849,200  hectares)  altogether.  Engineers  and 
prospectors  are  exploring  these  block-,  especially  that  of  Kiambi,  in  which 
stanniferous  deposits  have  been  discovered. 

The  Societe  Geologique  et  Miniere  des  Ingenieurs  el  Endustriels  Beiges 
has  explored  the  whole  of  its  fi\e  blocks,  extending  over  1,939,780  acres 
(785,000  hectares),  and  has  made  some  encouraging  discoveries 

The  Societe  Anversoise  pour  la  Becherche  des  Mines  an  Katanga  has  sent 
out  an  exploring  party,  and  has  chosen  two  blocks,  together  about  123,553 
acres  (50,000  hectares)  on  the  left  bank  of  the  Lualaba,  near  Kongolo. 

During  the  year  ended  June  30th,  1912,  several  special  permits  were 
granted,  including  56  for  copper,  9  for  copper,  tin,  and  bituminous  shale, 
38  for  gold,  26  for  iron  and  various  metals,  8  for  coal,  2  for  manganese,  2  for 
lead,  and  4  for  salt.  The  Societe  Industrielle  et  Miniere  du  Katanga  has 
extracted  from  one  of  its  "circles"  an  iron-ore  which  the  Union  Miniere  has 
used  as  a  flux. 

In  other  regions  than  the  Katanga,  the  Societe  Internationale  Forestiere 
et  Miniere  has  found  diamond-bearing  alluvia,  extending  over  a  large  area 
in  the  Upper  Kasai;  and  in  the  Lower  Congo  several  bore-holes  for  petroleum, 
bituminous  and  asphaltic  sandstone  have  given  favourable  indications.  The 
Upper  Congo  and  Great  Lakes  Railway  Company  has  found  auriferous  gravel  < 
towards  the  eastern  frontier ;  and  explorations  are  now  being  directed  to  the 
west  of  Lake  Kivu.  J.  W.  P. 


Diamantiferous     Pipes    of    the     Kundelungu     Hills,     Belgian     Congo. — By 

R.    d'Andrimont.      Ann.   Soc.    Geol.   Belg.,   1913,   vol.    xl.,   supplement, 
part  1,  pages  8-19. 

The  author  considers  that  the  vast  Karroo  plateau  of  Southern  Africa, 
more  or  less  interrupted  by  faults,  is  practically  prolonged  into  Katanga  ; 
but  the  farther  north  one  goes,  the  more  frequently  does  one  note  that  erosion 
has  carved  out  the  Karroo  strata  and  laid  bare  the  underlying  folded  ancient 
rocks.  The  Kundelungu  Hills  form  perhaps  the  northernmost  tableland  of 
the  Karroo;  and  here  diamantiferous  pipes  have  been  found,  of  the  same  type 
as  those  that  are  so  well  known  in  South  Africa.  These  are  more  or  less 
vertical,  some  hundreds  of  yards  in  diameter,  and  filled  with  a  brecciiform  rock 
of  identical  character  with  the  South  African.  A  good  deal  of  work  has 
already  been  done  on  the  "pipes"  in  the  Luanza  river-basin.  A  brief  descrip- 
tion is  given  of  the  rocks,  and  the  minerals  found  in  a  "washing"  are  compared 
with  a  similar  sample  from  Kimberley,  showing  once  again  the  extraordinary 
identity  in  composition  and  character  of  the  "pipes"  of  Katanga  and  those  of 
South  Africa.  Opencast  working  will  be  feasible  down  to  a  depth  of  at  least 
330  feet,  and  the  author  holds  that  not  much  difficulty  need  be  feared  in 
connexion  with  water-inflows. 

Entering  into  theoretical  considerations,  the  author  shows  that  the 
diamantiferous  pipes,  of  undoubtedly  volcanic  origin,  are  probably  aligned 
along  the  fault-belts  which  border  the  sunken  region  of  the  African  great 
lakes,  as  they  (the  fault-belts)  border  also  the  entire  African  Continent : 
but  these  pipes  are  not  aligned  along  the  faults  themselves.  Consequently, 
one  may  look  for  the  discovery  of  further  diamantiferous  pipes  to  the  north- 
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east  or  those  now  known  in  Katanga,  more  particularly  in  the  region  where 
thf  faulted  area  of  the  Moero  joins  up  with  the  Tanganyika  district. 

L.  L.  B. 


The   Kaoko  Mineral   District,   German  South-west  Africa. — By  C.   Krattse. 
Zeitschr.  prakt.  Geol.,  1913,  vol.  xxi.,  pages  G4-70. 

A  summary  of  the  geology  of  the  northern  portion  of  the  German  colony 
hail  not  yet  been  attempted,  and  the  present  memoir  is  put  forth  with  the 
idea  of  supplying  the  deficiency :  it  is  accompanied  by  a  fine  map  on  the  scale 
of  1:  S00,000,  or,  say,  12^  miles  to  the  inch.  The  Kaoko  district  covers  an 
area  of  roughly  100,000  square  kilometres  (38,610  square  miles),  is  bounded 
on  the  north  by  the  Kunene  River,  on  the  west  by  the  Atlantic  Ocean,  and  on 
the  south  by  the  Ugab  River.  Of  the  many  streams  that  traverse  the  country 
the  Kunene  is  the  only  one  that  carries  water  all  the  year  round.  Many  of 
the  river-mouths  are  sanded  up,  and  the  coastal  belt  possesses  the  character- 
istics elsewhere  noted  in  South-West  Africa — long  stretches  of  dreary  dunes 
crowned  with  sparse  vegetation,  along  which  the  southerly  winds  blow  with 
violence  for  many  days  in  the  year.  The  inland  region  is,  however,  suitable 
for  cattle-ranching. 

The  geology  is  comparatively  simple,  and  the  author  tabulates  the  follow- 
ing rock-succession,  in  ascending  order:  (1)  Primary  formations;  (2)  the 
Otavi  Series;  (3)  the  Kaoko  Series;  and  (4)  recent  deposits. 

In  the  Primary  formations  some  authors  discern  two,  others  three  distinct 
series,  as,  for  example,  the  gneiss-and-granite  series,  the  gneiss-and-schist 
series,  and  the  younger  schists.  As  a  matter  of  fact,  it  is  difficult  to  determine 
where  one  series  ends  and  the  other  begins.  The  granite  covers  considerable 
areas,  and  is  being  actively  prospected  south  of  the  Ugab  River  (that  is, 
beyond  the  Kaoko  district),  on  account  of  the  stanniferous  pegmatites  which 
are  associated  with  it.  Auriferous  quartz-reefs  and  quartzites,  small  quantities 
of  copper  and  iron-ores,  and  cassiterite  (in  pegmatites  and  quartz-lodes)  have 
been  found  in  these  Primary  rocks,  the  last-named  ore  in  the  older  schists 
near  the  contact  with  the  granite. 

The  Otavi  Series,  overlying  unconformably  the  schists,  gneisses,  and 
granite,  consists  chiefly  of  bluish  dolomitic  limestones,  quartzitic  sandstones 
and  quartzites,  with  a  few  shales.  The  dolomites  weather  to  that  peculiar 
wrinkled  aspect  which  has  saddled  them  in  South  Africa  with  the  appellation 
of  Olifants  Klip  ("  Elephant  Rock  "),  and  are  to  be  correlated  probably  with 
the  Lydenburg  Beds  of  the  Transvaal.  They  are  the  chief  water-bearing  rocks 
of  the  Kaoko  region,  and  some  of  the  springs  are  actually  thermal.  Enormous 
iron-ore  deposits  are  associated  with  this  series. 

The  Kaoko  Series  overlies  horizontally  but  unconformably  the  formations 
previously  described.  It  consists  chiefly  of  sandstones  with  pink  and  green 
shales,  capped  by  amygdaloidal  melaphyres  and  augite-porphyrites.  It  forms 
conspicuous  mesas  and  peaks  which  recall  the  scenery  of  the  Karoo  rocks.  The 
thickness  of  the  igneous  "  cap  "  varies  from  a  few  feet  to  1,200  or  so.  There 
is,  thus  far,  no  reliable  evidence  available  as  to  the  age  of  the  series.  It  is 
the  only  formation  in  the  district  that  appears  hopeless  from  the  mineral  pro- 
spector's point  of  view.  In  the  other  formations,  one  may  expect  to  find, 
besides  the  gold,  copper,  iron,  and  tin  already  mentioned,  lead,  wolfram, 
molybdenum,  and  zinc-ores;  and  it  is  quite  possible  that  diamonds  may  be 
discovered  in  the  recent  deposits,  as  in  similar  deposits  elsewhere  in  German 
South-West   Africa.  L.  L.  B. 
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Asia's  Part  in  Mineral  Industry. — By  L.  de  Launay.     Rev.  Univ.  Mill.,  1911, 
vol.  xxxiii.,  pages  04-74. 

If  Asia  does  not  yet  largely  produce  most  of  the  "grand  metals,"  that 
continent,  including  (as  is  logical)  the  Urals,  the  Caucasus,  Japan  and  the 
islands  forming  its  continuation,  occupies  the  trout  rank  for  some  substances 
which,  though  not  of  first  order,  are  nevertheless  of  real  importance,  such  as 
tin,  platinum,  manganese,  chrome,  graphite,  and  emery.  The  output  of 
mineral  fuel  already  attains  considerable  proportions,  while  Asia's  contribution 
•of  gold  and  petroleum  is  appreciable  and,  in  a  lesser  degree,  that  of  copper, 
antimony,  and  the  carbonates.  The  following  are  the  principal  substances 
produced,  with  their  approximate  quantities  :  — 

Gold. — Asia's  contribution,  chiefly  by  Russia,  was  valued  in  1909  at 
£11,360,000  (284,000,000  francs)  out  of  £93,560,000  (2,339,000,000  francs)  for  the 
whole  world.  Platinum,  for  which  the  Ural  has  almost  a  monopoly,  is  produced 
yearly  to  the  amount  of  5  to  6  tons  according  to  official  returns,  but  really  to 
that  of  7  to  8  tons.  Tin. — Asia  produces  three-fourths  of  the  whole 
quantity,  and  in  1908  contributed,  with  Australia,  88,000  tons  out  of  the  total 
(110,000  tons).  Copper.—  Japan's  production,  valued  at  £1,908  (47,700  francs) 
in  1908,  a  nascent  industry  in  Asiatic  Russia,  and  a  decadent  one  in  China 
contribute  an  insignificant  proportion  to  the  world's  annual  production  of 
800,000  tons.  Manganese. — Stoppage  of  the  Caucasus  mines,  which  had  a  pre- 
ponderating, almost  exclusive,  part  in  the  production  of  this  mineral,  caused:- 
the  start  of  other  workings,  which  soon  attained  great  importance,  India's 
contribution  alone  having  advanced  from  almost  zero  to  900,000  tons.  Chrome. 
— Asia  furnishes  a  large  part — about  111,000  tons — of  the  world's  chromic  iron 
production;  but  Turkey's  statistics  are  not  to  be  trusted.  Coal. — Japan  pro- 
duces more  than  14,500,000  tons  yearly,  India  nearly  12,000,000  tons,  China 
already  more  than  1,500,000  tons,  Sumatra  390,000  tons,  Indo-China  320,000 
tons,  and  Siberia  more  than  2,000,000  tons.  Petroleum. — The  Caucasus  con- 
tributes 8,000,000  tons,  the  Dutch  Indies  2,300,000  tons,  India  660,000  tons  and 
Japan  239,000  tons,  making  a  total  of  11  to  12  million  tons. 

In  studying  the  future  of  Asia's  mineral  industry,  aid  may  be  found  in 
the  idea  of  "metallogenic  provinces,"  the  author  observing  that  metalliferous 
districts  have  not  been  formed  haphazard  on  the  earth's  surface,  independ- 
ently of  geological  conditions,  but  that  there  exists  between  the  tectonics  of 
a  country,  its  petrography,  and  its  metallogeny,  a  natural  correlation.  By 
virtue  of  this  connexion,  the  laws  of  which  he  has  done  his  best  to  formulate, 
one  may  hope,  when  knowing  the  structure  of  a  region,  to  foretell  what  ores 
and  other  minerals  are  likely  to  be  found  there,  just  as  the  presence  of  Coal- 
Measures  may  indicate  the  existence  of  coal.  J.  W.  P. 

Mineral     Production    and     Resources    of    China. — By     Thomas    T.     Read. 
Trans.  Amer.  Inst.  Min.  Eng.,  1912,  vol.  xliii.,  pages  3-53. 

The  author  gives  the  results  of  visits  to  a  large  number  of  mineral  districts 
in  China  during  his  three  years'  residence  in  that  country.  He  points  out 
that  although  iron  is  the  metal  most  in  demand,  yet  the  needs  of  the  popula- 
tion, until  recently,  only  made  necessary  a  production  of  about  half-a-pound 
of  iron  per  head  per  annum,  as  against  600  pounds  for  the  United  States  of 
America. 

One  of  the  greatest  handicaps  to  the  development  of  the  mining  industry 
in  China  is  the  absence  of  a  road  system. 
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dial. — A  conservative  estimate  of  the  present  annual  production  of  coaT 
i-  15,000,000  tons,  but  the  enormous  bulk  of  the  population  do  not  use  that 
mineral,  owing  to  its  cost.  Near  the  mines,  where  coal  is  abundant  and 
cheap,  it  is  freely  employed,  but  the  low  cost  of  labour,  the  high  cost  of 
transportation,  and  the  low  scale  of  living  put  coal  beyond  the  reach  of  the 
population  in  many  regions.  The  development  of  railways,  steamships,  and 
industrial  plants  will  not  only  create  a  greater  market  for  coal,  per  se,  but, 
by  raising  the  scale  of  living  through  the  higher  wages  paid  for  labour,  will 
increase  the  consumption  of  coal  for  household  purposes.  Whereas  in  the 
United  States  of  America  the  consumption  of  coal  is  approximately  Z\  tons 
per  head  per  annum,  in  China  the  consumption  is  approximately  less  than 
one  hundredweight  (0-04  ton). 

The  author  gives  descriptions  of  the  various  coal-fields  and  the  different 
•  lasses  of  coal  mined,  together  with  analyses.  He  states  that  the  coal-fields 
of  China  are  of  great  extent,  that  the  coal  is  generally  of  good  quality,  and 
that  the  fields  are  widely  scattered,  so  that  no  parts  of  the  Empire  are  far 
distant  from  the  sources  of  supply.  In  extent  and  quality  the  coal-resources 
of  the  Empire  compare  favourably  with  those  of  the  United  States.  Bitu- 
minous coking-coal  is  very  common,  and  coke  made  by  native  methods  can 
be  obtained  almost  anywhere  in  the  Empire.  When  made  from  washed  coal, 
the  resulting  coke  is  of  excellent  quality,  and  will  afford  an  abundant  supply 
for  the  smelting  industries  which  are  likely  to  develop.  The  anthracite  is  of 
excellent  quality,  but  the  bituminous  coal  is  often  friable,  and  yields  an 
excessive  proportion  of  fine  coal.  In  recent  years  the  number  of  mines 
equipped  with  modern  machinery  has  become  comparatively  great,  and  the 
present  supply  amply  meets  the  demand. 

Iron. — Iron  is  the  second  in  importance  of  all  the  mineral  resources  of 
China,  of  which  there  is  an  abundant  supply,  so  that  the  security  of  the  future 
of  China  as  a  mineral-producing  nation  is  easily  appreciated.  The  iron-ore 
deposits  have  not  been  developed  to  any  great  extent,  as  in  many  cases  the 
necessary  supply  of  coal  does  not  exist  in  close  proximity  to  the  iron-ore 
deposits.  The  author  gives  particulars  of  these  deposits,  and  analyses  of  the 
various  iron-ores.  Summarizing  the  results  of  his  investigations,  he  states 
that  iron-ores  are  widely  distributed  throughout  the  Empire  from  north  to 
south.  In  many  places  they  have  been  the  source  of  a  more  or  less  consider- 
able native  industry,  which  is  steadily  waning  on  account  of  the  unsatisfactory 
quality  of  the  product.  In  the  development  of  the  iron  and  steel  industry, 
it  is  most  probable  that  the  Yangtze  Valley  will  have  a  leading  place,  as  there 
seems  good  reason  to  believe  that  iron-ores  of  satisfactory  quality  and  in 
sufficient  quantity  occur  along  a  considerable  portion  of  its  length.  In 
addition,  there  is  the  great  commercial  advantage  of  easy  and  cheap  trans- 
portation, and  a  situation  in  the  commercial  centre  of  the  Empire. 

The  author  also  deals  with  the  gold,  silver,  copper,  nickel,  tin,  lead,  zinc, 
antimony,  quicksilver,  arsenic,  and  petroleum  production  of  the  Empire;  and 
conclude-  by  stilting  that  the  development  of  the  mineral  resources  of  the 
Chinese  Empire  would  be  greatly  aided  by  the  creation  of  an  Imperial  Geolog- 
ical Survey,  The  nucleus  of  such  an  organization  already  exists  in  the  many 
Chinese  geologists  and  engineers  who  have  been  trained  abroad,  and  with 
proper  organization  and  sufficient  funds,  this  important  and  necessary  work 
would  redound  fco  the  immense  benefit  of  the  mineral  industry. 

A.  P.  A.  S. 
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Coal-mines  now  Worked  in  China. — Anon.     Org.  Indus.,  1912,  No.  26. 

Coal,  the  most  important  of  China's  products,  is  produced  to  the  amount 
of  about  15,000,000  tons  per  annum  ;  and  the  province  of  Chi-Li  contributed 
more  than  3,000,000  tons  in  1910.  But,  though  much  employed  in  the  neigh- 
bourhood of  collieries,  mineral  fuel  is  but  little  burnt  in  localities  removed 
from  them.  The  "sub-bituminous"  coals  of  Fu-Shun  and  Kwang-Cheng-Tze 
are  of  Tertiary  age;  and  in  other  districts  sub-bituminous  coals  of  Jurassic 
formation  are  met  with.  The  coals  of  Manchuria  are  very  friable;  and  no 
coking  coals  have  as  yet  been  found  in  that  region.  The  reserves  of  the 
Fu-Shun  coal-field  are  estimated  at  800  million  tons. 

The  Fu-Shun  collieries,  near  Mukden,  yielded  830,238  tons  of  good  semi- 
bituminous  coal  in  1910;  and  a  million  tons  may  be  attained  when  the  second 
plant  comes  into  full  operation,  while  the  Pen-Hi-Hu  collieries,  on  the  Mukden 
and  Antuug  Railway,  will  develop  with  its  traffic;  but  absence  of  communica- 
tions must  bar  any  serious  attempt  to  work  the  Sai-Ma-Chi  deposit.  South- 
east of  Mukden,  near  Kwang-Cheng-Tze,  on  the  Mukden-Kirin  Railway,  coal- 
seams  resembling  those  of  Fu-Shun  have  been  but  little  worked  as  yet;  and 
the  important  coal-field  of  the  River  Liao,  north-west  of  Mukden,  is  at  present 
scarcely  known. 

The  lignites  and  bituminous  coals  of  the  Jehol  district  in  the  north-east 
are  got  by  primitive  Chinese  methods;  but  the  Government  proposes  to 
take  over  the  Tong-Shan  and  Lin-Si  collieries,  the  most  important  in  China, 
north-east  of  Tientsin.  The  Lan-Chow  mines,  in  the  same  coal-field, 
recently  equipped,  ajjpear  to  be  but  little  remunerative.  The  Ching-Hsing 
collieries,  on  the  line  between  Shih-Chia-Chuang  and  Tai-Yuan-Fu,  put  out 
150,000  tons  in  1910 ;  those  of  Lin-Cheng  supply  800  tons  daily  to  the  Kin-Han 
Railway ;  and  those  of  Hsuen-Hua-Fu  were  lately  opened  for  the  requirements 
of  the  Pekin  and  Kalgan  Railway. 

Most  of  the  production  in  the  Shan-Tung  province  is  furnished  by  the  Po- 
Shan  mine*,  with  252,816  tons  of  anthracite  in  1910,  and  those  of  Fang-Tze 
with  230,064  tons  of  bituminous  coal  in  the  same  year.  A  rich  bituminous 
coal-field,  near  Yi-Hsien,  in  the  south-east  of  this  province,  already  in  con- 
nection with  the  Grand  Canal,  will  be  developed  when  it  is  linked  up  with  the 
Tientsin-Pukou  Railway.  Present  working  of  the  important  Shan-Si  anthracite 
basin  by  a  Chinese  company  is  not  very  active;  but  this  district  also  contains 
other  deposits,  which  are  worked  on  the  east  and  also  on  the  north  of  Tai- 
Yuen-Fu.  This  basin  extends  southwards  into  the  province  of  Honan ;  and  at 
Ching-Hua-Hsien  the  Pekin  Syndicate  owns  several  well-equipped  collieries 
that  yielded  327,205  tons  in  1910. 

In  a  vast  coal-field,  extending  to  the  east  of  the  River  rising,  over  the 
Provinces  of  Hunan  and  Kiang-Si,  the  important  collieries  owned  by  the 
Han-Yeh-Piug  Iron  &  Coal  Company  produced  610,000  tons  of  coking  coal  in 
1910.  J.W.P. 


Copper-mines  in  Asiatic  Turkey. — By  E.  Coulant.    Ann.  Mines  Paris,  1912, 
series  11,  vol.  ii.,  pages  281-293. 

The  Arghana  mines,  373  miles  (600  kilometres)  from  Samsun  on  the  Black 
Sea,  with  which  they  are  connected  by  road,  appear  to  have  been  known 
2,000  years  before  the  Christian  era,  and  are  now  worked  by  the  Turkish 
Government.  The  ore  is  generally  an  intimate  mixture  of  iron  and  copper 
pyrites  without  gangue,  yielding  from  13  to  15  per  cent,  of  copper,  while  veins 
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£  inch  (5  to  6  millimetres)  thick  and  chalcopyritic  enrichment,  contain  from 
30  to  33  per  cent,  of  that  metal.  With  the  primitive  methods  employed,  which 
entail  great  waste,  the  cost  of  getting  and  washing  comes  to  £20  16s.  (520 
francs)  per  ton;  but  with  judicious  working  and  treatment  a  good  profit 
might  be  made  from  these  mines  (which  form  part  of  Turkey's  greatest  mineral 
wealth),  especially  when  the  Baghdad  line  puts  them  within  124  miles  of  rail- 
way communication.  •'  *  • 


MINING   TECHNOLOGY. 
Karlik-Nahlik  Automatic-catch  System  for  Winding  in  Inclined  Shafts. — 

By   J.    Czaplinski.       (Esterr.    geitschr.    f.    Berg-   u.    Huttei  1913, 

vol.  lxi.,  pages  437-440. 
In  the  inclined  shafts  usual  in  mine-  for  the  haulage  of  trucks,  the  danger 
frequently  arises  that  the  workman  manipulating  the  trucks  at  the  landing- 
stages  may  fall  in  himself,  and  be  injured  or  killed.  To  obviate  this  difficulty, 
pivoted  doors  or  cross-bars  arc  sometimes  provided  at  these  place-,  and  accord- 
ing to  official  regulation-  these  must  all  be  properly  shut  or  secured,  as  well 
as  the  side  incline-  and  all  approaches.  Since,  however,  there  are  no  automatic 
appliances  for  closing  the  doors,  the  work  is  left  to  the  miner,  and  two  deaths 
have  resulted  in  the  Eos-itz  coal-field  from  miners  falling  into  the  incline, 
when  running  the  trucks  on  to  it.  A  safety-catch  apparatus  patented  by 
Messrs.  Karlik  and  Nahlik  was  introduced  in  1912,  and  has  since  been  success- 
fully used.  It  consist  s  of  a  sta  rter,  transmission  gear,  locking-bar,  and  carrier. 
The  mechanism  is  simple  :  when  the  truck  reaches  the  stage,  up  or  down,  it  is 
received  on  two  rails  forming  part  of  the  carrier.  This  actuates  a  crank 
behind  it,  and  a  two-armed  lever.  One  arm  unlocks  the  entrance  bar,  and 
the  other  draws  the  truck  on  to  a  sled.  Access  to  the  incline  being  thus 
opened,  the  trucks  are  easily  loaded  or  unloaded.  As  soon  as  a  truck  has  left 
the  landing-stage,  the  locking  bar  again  acts,  and  the  carrier  rails  are  raised, 
so  that  nothing  can  pass  over  them.  The  apparatus  has  been  used  at  the 
Eossitz  mines  when  bringing  wood  for  timbering,  as  well  as  for  coal.  The 
advantages  of  this  catch  are  that  it  i-  simple,  reliable,  automatic  in  action, 
doe-  nol  easily  gel   out  of  order,  and  can  work  in  both  direction-,  up  or  down. 

E.M.D. 


Mechanical  Conveyance  of  Coal  from  the  Face  in  the  Dortmund  District. 

—By  —  Pommee.  ZritsrJir.  f.  Berg-,  Hiitt.-  u.  Salinenwes.,  1913,  vol. 
lxi.,  page-  254-296. 

The  author  describes  a  number  of  methods  of  coal-conveying  in  u-e  in 
the  Dortmund  district.  In  1907,  the  Blackett  conveyor  was  introduced  into 
the  Dorstfeld  Pit,  where  it  is  -till  in  use.  Other  pits  in  the  Dortmund  district 
Bubsequently  adopted  belt  and  oscillating  spout-conveyors  for  the  same  pur- 
pose, which  could  lie  used  for  other  materials  as  well  as  coal,  and  were  cheaper. 

In  1912,  twenty-two  belt-conveyors  were  in  use  in  eight  pit.-.  The  flaxen 
or  hempen  belt-,  from  20  to  23$  inches  <5<io  to  600  millimetres)  in  breadth,  were 
carried  on  rollers  spaced  from  2  to  3  yards  apart.  With  a  monthly  output  of 
1,000  tons,  they  are  found  to  last  for  about  8  months.  When  used  for  other 
material-,  thej  lasl  fr 1  to  G  month-  only. 

The  cost  of  the  belt-conveying  apparatus,  including  engine,  for  a  stretch 
<>f  aboul  11<»  yards  Hon  metres)  in  length  i-  eiven  at  about  £175.    The  working 
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cots  vary  considerably  with  the  conditions  of  the  different  cases  J  in  two  cases 
given,  they  were  about  3*d.  per  ton.  In  fourteen  pits  they  were  discarded 
again.      Their   advantages   show   themselves    principally   in   the    undulating 

sea  nis  ^ 

oscillating  spouts  are  being  used  in  increasing  numbers,  630  of  them 
having  been  in  use  in  the  Dortmund  district  in  1912.  The  spouts  are  in 
lengths  of  about  3  to  G  yards  and  of  various  sections,  trapezium  shapes  being 
now  the  most  usual.  Their  breadths  are  in  general  about  12  to  18  inches 
(300  to  4o0  millimetres)  at  bottom  and  16  to  24  inches  (400  to  600  millimetres) 
over  the  top  edges,  and  their  heights  vary  from  2  to  6  inches  (50  to  150  milli- 
metres). They  comprise  swinging  spouts  hung  from  above  or  from  side- 
trestles  and  spouts  set  on  rollers.  Longitudinal  oscillation  is  kept  up  by 
motors.  The  free-suspension  spouts  cost  about  12s.  to  13s.  per  yard  (13  to 
14  marks  per  metre)  in  the  market  and  about  6s.  2d.  per  yard  (7  marks  per 
metre)  when  made  at  the  colliery.  The  side-trestle  spouts  cost  about  £90  to 
£l3o  per  100  yards  (2,000  to  3,000  marks  per  100  metres)  of  length.  The  roller 
spouts  are  the  newest  and  most  satisfactory.  They  are  arranged  for  downhill 
level-ground,  and  slightly  uphill  work,  the  roller  paths  being  in  the  latter  case 
inclined  against  the  hill.  The  arrangements  and  costs  of  the  latter  differ 
considerably  one  from  another. 

The  output  of  the  oscillating  spouts  is  very  considerable.  With  inclina- 
tions of  10  to  20  degrees,  1  ton  of  coal  is  delivered  in  45  seconds,  a  Hinselmann 
spout  delivering  600  tons  in  a  double  shift.  In  some  of  the  workings  in  the" 
pits  of  the  Dortmund  district  the  general  output  is  5  tons  per  man  per  shift. 
The  total  cost  of  working  with  oscillating  spouts,  including  repairs  and 
subsidiary  expenses,  is  given  as  l'2d.  to  T8d.  (10  to  15  pfennigs)  per  ton  of 
coal  worked.  The  accompanying  saving  of  wages  is  estimated  at  from  2-4d.  to 
6d.  (20  to  50  pfennigs)  per  ton.  The  total  savings  per  ton  on  the  whole  of  the 
mining  operations  is  estimated  at  from  8d.  to  Is.  Ofd.  (0"67  to  106  marks)  pet 

A.E.L. 


ton 


Automatic  Weighbridge  with  Sliding  Weight  (Schenk  Type).— By  Prof. 
Blau.  CEsterr.  Zeitschr.  f.  Berg-  u.  Hiittenwes.,  1913,  vol.  lxi.,  page* 
29-33. 

This  apparatus  for  rapidly  weighing  mining  tubs  and  trucks  is  made  by 
the  firm  of  Schenk,  of  Darmstadt.  It  consists  of  a  weighbridge  resting  on 
four  knife-edges,  connected  by  a  rocking-lever  to  the  weighing  machinery 
above  it.  It  is  enclosed  in  a  cabinet  placed  either  above,  or  at  the  side  of,  the 
bridge.  A  weight  slides  along  a  scale  in  the  usual  way,  and  above  and  at 
right-angles  to  it  is  a  vertical  ratchet-wheel.  A  small  shaft  below  carries 
three  cog-wheels,  one  of  which  is  connected  to  the  ratchet,  another  to  the 
scale  and  sliding  weight,  and  a  third  to  the  automatic  registering  apparatus. 
V\  1th  this  arrangement  it  is,  of  course,  possible  to  shut  up  the  cabinet,  and 
as  the  weight  is  automatically  recorded,  the  reading  cannot  be  tampered 
with.  The  scale  is  previously  adjusted  for  the  weight  of  the  truck,  its  own 
weight,  and  a  minimum  load.  A  safety-appliance  prevents  any  irregularity 
in  the  work. 

When  a  coal-truck  is  run  on  to  the  bridge,  it  is  held  in  position  by  balance- 
weights  at  either  end,  until  the  weight  has  been  registered.  As  a  truck  comes 
on  to  the  bridge,  the  ratchet  is  released  by  levers,  falls  by  its  own  weight, 
and  moves  the  sliding  weight  forward,  until  it  balances  the  weight  on  the 
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bridge.  An  excentric  keeps  the  sliding  weight  from  moving  as  .-oon  as  the 
bridge  has  reached  its  lowest  position,  until  the  weight  has  been  recorded 
on  a  card  or  tape-strip,  when  it  is  released  by  the  action  of  levers.  If  the 
weight  of  coal  in  the  truck  is  below  the  minimum,  or  above  what  the  apparatus 
is  able  to  register,  no  weighing  takes  place.  As  the  weighbridge  is  not  a 
turntable,  the  truck  cannot,  after  weighing,  be  run  back,  but  must  be  passed 
on  into  a  Biding.  An  ordinary  steelyard  can.be  substituted  for  the  ratchet- 
wheel.  Another  arrangement  is  to  replace  the  weighbridge  by  a  pulley 
sliding  on  a  ropeway,  on  to  which  miners'  tubs  can  be  separately  slung,  and 
their  weight  automatically  recorded  in  the  way  already  described. 

Although  intended  principally  for  mining  work,  the  apparatus  can  be  used 
in  boiler-houses  and  foundries,  and  will  be  found  useful  in  checking  the 
consumption  of  coal.  E.  M.  D. 


Analysis   of   Black   Powder  and    Dynamite. — By    Walter   O.    Sxellixg   and 
C.  G.  Storm.    Bur.  Mines,  1913,  Bulletin  No.  51,  pages  1-80. 

Although  descriptions  of  the  methods  of  analysis  of  explosives  are  to  be 
found  in  many  books  on  explosives,  and  in  works  on  engineering  chemistry 
or  chemical  analysis,  most  of  these  are  incomplete  and  lacking  in  details; 
whilst  the  methods  of  analysis  employed  in  the  laboratories  of  most  explosives 
factories  are  frequently  treated  as  trade  secrets. 

This  Bulletin  outlines  the  methods  of  analysis  that  are  used  by  the  Bureau 
of  Mines  in  the  examination  of  certain  classes  of  explosives.  The  present  form 
of  most  of  these  methods  has  been  worked  out  in  the  Bureau's  explosives 
laboratory.  The  methods  employed  by  Prof.  C.  E.  Munroe  were  taken  as  a 
basis,  and  were  elaborated  to  meet  the  demands  incident  to  the  treatment  of 
complicated  mixtures  and  to  the  development  of  the  explosives  art. 

The  Bulletin  presents  the  methods  of  analysis  of  "  ordinary  "  dynamite, 
the  ammonia,  gelatine,  low-freezing,  and  granular  dynamites,  and  the  commou 
grades  of  black  gunpowder  and  black  blasting-powder,  and  is  published  by 
the  Bureau  for  the  information  of  all  persons  interested  in  explosives  and 
their  safe  and  efficient  use  in  mining  work.  A.  P.  A.  S. 


Selection   of   Explosives   used    in    Engineering,    and    Mining   Operations. — 

By  Clarence  Hall  and  Spencer  P.  Howell.     Bur.  Mines,  1913,  Bulletin 
No.  48,  pages  1-50. 

This  Bulletin  deals  with  the  characteristic  features  of  the  principal 
explosives  used  in  mining  and  engineering  operations,  and  especially  with  the 
tests  that  show  the  suitability  of  different  classes  of  explosives  for  different 
kinds  of  work.  The  Bureau  of  Mines  publishes  the  report  as  one  of  a  series 
dealing  with  tests  of  explosives  and  methods  of  reducing  the  risks  involved  in 
the  use  of  explosives  in  mining  operations. 

The  application  of  explosives  to  engineering  and  mining  operation-  has 
increased  rapidly  in  recent  years.  According  to  a  preliminary  report  issued 
by  the  Bureau  of  the  Census,  469,000,000  pounds  of  explosives  were  manu- 
factured in  the  United  States  of  America  during  the  year  1909,  and  the  greater 
part  of  this  production  was  used  for  industrial  purposes. 

In  large  engineering  projects,  and  in  mining  operations  requiring  the  use 
of  explosives,  the  selection  of  a  suitable  explosive  from  the  many  varieties 
offered  for  sale  is  of  fundamental   importance.     Various  considerations    are 
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done1"^1  th°  8e,leCti°n  °f  •aU  eXplOSiVe  °f  Pr°Pei  Cla8S  f0r  «-  bl*^g  to  be 
done.     Many  explosives  suitable   for  quarry  work  are  unsuitable  for  use  in 

deep  mines  or  in  close  workings.     In   metalliferous  mining  and  in  driving 

tunnels  the   character  of  the  gases  evolved    by  the  explosive  on  deton at  on 

a,      n  amportant  conspiration.     An  explosive  for  use   in   gaseous   or  dusty 

coal-nnnes  must  be  formulated  and  compounded  so  that  its  flame  temperature 

and  the  height  ana  duration  of  its  flame  are  reduced  sufficiently  to  pe  m it  o 

ite  being  used   with  comparative  safety,     m  wet  workings  or  in  submarine 

blasting,  explosives  impervious  to  moisture  are  requisite.     In  extremely  cold 

climates  explosives  that  do  not  require  thawing  are  desirable,  provided  that 

they  are   equally  good   in   other  respects.     An   essential   requirement    of   all 

explosives    especially  of  those  for  use  in  tropical  countries,  is  that  they  shall 

lemain  stable  without  change  in  chemical  or  physical  characteristics 

Because  of  the  varying  conditions  in  the  different  projects  on  which  explo- 
sives are  used,  it  is  necessary  to  emphasize  the  fact  that  some  characteristics 
of  explosives  are  of  much  importance  in  certain  classes  of  work  and  of  little 
or  no  importance  in  others. 

The  Bulletin  deals  with  explosives  used  in  quarrying,  mining,  tunnelling 
and  submarine  operations,  and  contains  information  on  the  determination  of 
the  relative  energy  and  efficiency  of  such  explosives,  the  practical  value  of 
physical  tests,  etc.  ,    p         -, 

Teste  for  Coal-dust  .nf,ammabi.ity.-By  J.  Twin,     Ann.  Mines  Paris 
1912,  series  11,  vol.  ii.,  pages  89-132. 

The   tests   made  at   Lievin   in   1910-1911,    for   ascertaining   the   conditions 

under  which  cloud,  of  coal-dust  already  formed  ignite  and  Lrn,  are  useful 

n  several  respects.     They  may  serve  to  clear  up  the  question  whether  there 

7  1S  "0fc'.fny  risk  of  <*rtai*  Barnes,  or  sparks,   igniting  clouds  of  dust 

ulde't  ndECC     efaIly/r  "   the   *****   °f   3   ";    A  facilitate     h 
ndeistanding  of  coal-dust   explosions   and,   made   by   simple   means   so   that 
they  can  be  often  repeated,  they  permit  of  increasing  the   number  of  inter- 
comparable  proofs,  while  also  affording  many  samples  for  experiment 

Although  it  has  long  been  known  that  a  cloud  of  coal-dust  can  be  ignited 
by  mere  contact  with  a  simple  flame,  the  conditions  required  to  bring  this 
about  when  desired,  are  not  so  easy  to  realize.  The  experiments  made  at 
Altofts  (recounted),  for  determining  whether  a  very  rapid  heating  merely  of 
coal-dust  were  capable  of  evolving  an  appreciable  quantity  of  volatile  matter 
showed  indeed  that  such  was  really  the  case;  but  the  proportion  was  judged 
to  be  too  small  to  exert  much  influence  on  inflammability  of  a  coal-dust. 

J.  W.  P. 

Factors  in  the  Processus  of  a  Coal-dust  Explosion.  -By  J.  Taffanel 
Ann.  Mines  Paris,  1912,  series  11,  vol.  ii.,  pages  5-36. 
The  behaviour  (allure)  of  a  coal-dust  explosion  depends  primarily  on  its 
initial  cause  and  on  the  degree  of  agitation  during  its  first  moments,  as  well  as 
on  the  composition  of  the  dust-layer  and  the  form  of  the  working  in  which  it 
takes  place.  Accordingly  as  the  clouds  of  dust  encountered  are  more  or  less 
favourable  to  propagation,  and  the  walls  cause  a  more  or  less  eddying  of  the 
air-current,  a  generalized  explosion  will,  or  will  not,  ensue  at  the  outset  and 
be  more  or  less  violent.  The  allure  may  also  be  influenced  bv  what  occurs  in 
the  parts  of  the  working  to  which,  or  from  which,  it  proceeds.     An  explosion 
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produced  in  the  gallery  of  a  testiug  station  constitutes,  therefore,  a  special 
case,  which  does  not  reproduce  all  the  factors  that  may  be  present  in  actual 
practice. 

One  ni  the  chief  objects  of  the  Lievin  experiments  is  to  verify  theoretical 
deduction-,  aud  to  determine  the  co-efficients  corresponding  with  the  various 
circumstances  thai  may  be  met  with  in  mine  working,  and  also  the  different 
laws  applicable  to  them.  Every  element  of  complication  that  may  present 
itself — bend,  branch,  blind  end,  obstruction,  etc., — should  form  the  subject 
of  close  study  and  investigation,  destined  to  furnish  means  for  foreseeing  and 
preventing  their  effects  in  complicated  cases.  Such  investigations  were  taken 
in  hand  as  a  sequence  to  the  fourth  series  of  experiments.  J.  W.  P. 


Explosion  at  the  Minister  Achenbach  Colliery.,  near  Dortmund,  December 
18th,  1912. — By  Walter  Schttlz.  Zeitschr.  f.  Berg-,  Hiitt.-  u. 
Salinenwes.,  1913,  vol.  lxi.,  pages  513-524. 
The  explosion  of  coal-dust,  in  which  forty-nine  men  were  killed  and  three 
temporarily  deprived  of  their  reason,  while  twelve  others  developed  mild 
cases  of  carbon-dioxide  poisoning,  occurred  in  the  w-estern  section  of  the  No. 
III.  level  of  the  southern  field  worked  from  shafts  Nos.  I.  and  II.  The 
greatest  material  damage  was  done  at  the  lower  end  of  an  incline  which  led 
from  Xo.  II.  level  to  a  lower  one  and  was  being  extended  at  its  lower  end. 
The  assumption  at  first  made,  that  the  explosion  was  caused  by  a  shot  irregu- 
larly fired  to  loosen  some  gob-stuff  which  was  being  removed  from  the  vicinity 
of  the  incline,  appeared  to  be  contradicted  by  the  facts  that  at  a  point  further 
to  the  west  the  body  of  a  blast-master  was  found  with  the  fuses  and  other 
apparatus  hung  about  him  in  position  for  firing,  and  that  a  blast  had 
evidently  just,  been  fired  by  him  when  the  explosion  occurred.  The  dynamite 
in  his  possession  (Neu-  Nobelit  I.)  was  of  a  relatively  non-dangerous  kind,  and 
it  remains  a  matter  for  conjecture  whether  he  had  used  too  large  a  quantity 
or  whether  some  other  irregularity  had  occurred.  The  dynamite  was  subse- 
quently tested  in  the  experimenting  section  at  Derne,  where  quantities  up 
to  1'54  pounds  (700  grammes)  were  found  still  proof  against  explosion  in  coal- 
dust,  and  quantities  up  to  1"21  pounds  (550  grammes)  were  still  safe  in 
inflammable  gas.  A.  R.  L. 

Influence  of   Inert  Gases  on   Inflammable   Gaseous   Mixtures. — By  J.    K. 
Clement.     Bur.  Mines,  1913,  Technical  Paper  No.  43,  pages  1-24. 

The  object  of  the  experiments  described  in  this  paper  was  to  determine  the 
range  of  explosibility  of  mixtures  of  methane  or  natural  gas  with  oxygen, 
carbon  dioxide,  and  nitrogen.  The  results  are  given  in  the  form  of  tables  and 
curve-,  by  means  of  which  one  may  readily  determine  whether  any  mixture 
•s  i  provided  that  it  contains  not  over  19  per  cent,  of  oxygen  and 
that  its  composition  is  known)  is  explosive. 

In  combating  mine  fires  it  is  often  most  important  to  know  whether  the 
atmosphere  in  the  vicinity  is  inflammable  or  becoming  so  either  through  the 
'\  or,  in  some  cases,  the  increase  of  the  ventilating  current.  The 
information  given  by  the  flame  of  a  safety-lamp  in  the  complex  gaseous 
mixtures  following  an  explosion  or  introduced  f:om  a  fire  is  not  always  stiffi- 
cient.  It  is  true  that  the  flame  shows  whether  a  particular  atmosphere  is 
explosive,  but  it  doc-  not  show  the  composition  of  the  atmosphere,  and  often  a 
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Lamp  cannot  be  taken  into  a  gaseous  mixture— either  because  such  action 
would  be  unsafe,  or  because  the  gas  has  accumulated  behind  a  stopping,  and 
has  to  be  sampled  through  a  pipe.  In  such  circumstances  analysis  of  the 
mixture  affords  the  only  safe  and  satisfactory  method  of  obtaining  the 
information  desired. 

The  gaseous  mixtures  examined  were  seldom  found  to  be  simply  methane 
and  air;  generally  there  were  other  gases  present,  the  effects  of  which  on  the 
explosibility  of  the  mixtures  were  not  known,  so  that  in  the  case  of  some 
analyses  it  was  impossible  for  the  engineer  to  state  whether  the  mixture 
analysed  was  inert,  or  was  inflammable,  or  even  explosive.  Again,  in  fighting 
some  mine  fires  it  was  planned  to  introduce  inert  gases,  such  as  carbon  dioxide 
or  nitrogen,  and  it  was  impossible,  from  the  available  data  to  determine  what 
amounts  would  render  inert  the  gaseous  mixtures  in  the  tire  area. 

The  problems  undertaken  by  Mr.  J.  K.  Clement,  the  physicist  to  the 
Bureau  of  Mines,  were  as  under:  — 

(1)  Assuming  that  after  an  explosion  in  a  gaseous  mine  the  workings 
continued  to  give  off  methane,  some  air  entered  an  area  in  which  there  might 
be  latent  fires,  and  an  analysis  disclosed,  say,  15  per  cent,  of  carbon  dioxide 
and  11  per  cent,  of  methane  :  is  such  a  mixture  inflammable?  If  it  is  not, 
would  the  introduction  of  more  air  make  it  so? 

(2)  Assuming    that    besides    carbon    dioxide    some    carbon    monoxide    was 
formed  by  the  explosion,  as  is  generally  the  case,  what  effect  would  the  carbon  _ 
monoxide  have  upon  the  inflammability  of  a  mixture  that  contained  less  than 
5  per  cent,  of  methane? 

(3)  If  a  mine  fire  in  course  of  being  sealed  was  forming  carbon  monoxide 
and  dioxide,  as  well  as  distilling  methane,  hydrogen,  and  other  gases,  in  what 
proportions  with  the  oxygen  present  would  these  gases  be  explosive? 

The  chief  gases  in  mine  atmospheres  resulting  from  explosions  and  fires 
are  nitrogen,  oxygen,  carbon  dioxide,  and  the  inflammable  gases  carbon 
monoxide  and  methane.  Hydrogen,  ethane,  and  other  carburetted  hydrogen 
gases  and  sulphuretted  hydrogen  are  found,  but  are  generally  in  such  minor 
proportions  that  they  may  be  grouped  with  the  methane.  The  proportions  of 
the  five  chief  gases  are  variable,  so  that  the  problem  of  determining  the 
inflammability  of  mixtures  becomes  very  difficult.  Mr.  Clement  has  determined 
the  more  important  combinations  except  those  with  carbon  monoxide,  and 
will  take  up  the  study  of  these  in  the  near  future. 

Two  types  of  explosion -chambers  were  used  in  the  experiments,  a  glass 
Hempel  explosion-pipette  with  an  electric-spark  igniter,  and  a  steel  vessel  in 
which  ignition  was  effected  by  the  arc  from  a  220-volt  circuit. 

The  results  recorded  in  the  paper  show  that  the  addition  of  carbon  dioxide 
to  mixtures  of  methane  and  air,  or  of  natural  gas  and  air,  reduces  the  range 
of  exjolosibility.  This  action  of  carbon  dioxide  cannot  be  attributed  solely  to 
the  resulting  dilution  of  the  explosive  mixture,  for  the  limits  of  explosibility 
are  reduced  when  carbon  dioxide  is  used  to  replace  the  nitrogen  of  the  air. 
The  effect  of  carbon  dioxide  on  the  explosibility  of  gases  must,  therefore,  be 
due  to  a  specific  chemical  or  physical  property.  As  carbon  dioxide  does  not 
react  chemically  with  any  of  the  gases  in  question,  some  physical  property 
must  account  for  its  behaviour. 

The  data  found  for  the  limits  of  explosibility  in  mixtures  of  methane, 
oxygen,  nitrogen,  and  carbon  dioxide  may  be  used  either  to  determine:  (a) 
whether  any  mixture  of  these  gases,  the  analysis  of  which  is  known,  is 
explosive;  ib)  whether  a  non-explosive  mixture  of  methane,  oxygen,  nitrogen, 
and  carbon  dioxide  will  form  an  explosive  mixture  when  air  is  added  to  it;  and 
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(C)  whal  quantity  of  inert  gas,  as  nitrogen  or  carbon  dioxide,  must  be  added 
bo  a  given  explosive  mixture  of  methane,  oxygen,  and  nitrogen,  or  of  methane, 
oxygen  nitrogen,  and  carbon  dioxide,  to  render  it  non-explosive.  Ihe  results 
apply  to  mixtures  of  these  lour  gases  only,  and  not  to  mixtures  containing 
appreciable  quantities  of  carbon  monoxide.  A.  P.  A.  S. 

First    Scries    of    Coal-dust    Explosion    Tests    in    the    U.S.A.    Experimental 

Mine.— By  George  S.  Rice,  L.  M.  Jones,  J.  K.  Clement,  and  W.  L.  Egt. 

Bur.   Ifines,  1913,  Bulletin  No.  56,  pages  1-115. 

This  Bulletin  has  been  prepared,  not  only  for  the  purpose   of  recording 

the  results  of  the  first  series  of  coal-dust  tests  conducted  in  the  experimental 

mine  near  Brucetown   (Pennsylvania),  but    also  to  place  before  the  mining 

public  a  description  of  the  mine  and  an  account  of  the  objects  .ought  in  its 

establishment. 

Although  the  number  of  experiments  embraced  in  the  first  series  is  com- 
paratively small,  valuable  educational  service  was  accomplished  by  certain 
tests  before  large  audiences  of  mining  men.  The  fact  that  coal-dust  m  air 
containing  no  inflammable  gas  may  explode  is  now  almost  universally  con- 
ceded in  the  United  States.  This  was  not  the  case,  however,  prior  to  the 
first  public  test  of  October  30th,  1911,  when  many  still  doubted,  even  after 
having  witnessed  explosion  tests  in  the  Pittsburgh  testing  gallery  on  the 
surface.  As  a  result  of  the  mine  test  mentioned,  those  who  had  previously 
doubted  now  express  themselves  as  convinced. 

The  Bulletin  deals  with  the  phenomena  of  dust  explosions,  gives  a  descrip- 
tion of  the  mining  equipment,  details  of  the  experiments  carried  out  in  the 
mine  comments  on  the  data  obtained,  and  descriptions  of  the  instruments 
for  measuring  the  velocity  and  pressure  of  the  explosions,  etc. 

A.  1  . A.  o. 


Smoke    Accident    at    the    MSMer    Pits    of    the    G.adbecK    »j£*-J*   - 

Richstaetter.     Zeitschr.  f.  Berg-,  Hiitt.-  u.  Suhnenwcs.,  1913,  vol.  lxi., 
pages  297-303. 
This  accident,  by  which  two  men  lost  their  lives,  is  chiefly  remarkable  as 
one  in  which  the  breathing-apparatus  failed. 

V  fire  broke  out  in  the  enginehouse  of  the  staple,  and  several  of  the  men 

sent  to  determine  its  extent  had   inhaled  the  fumes  before  putting  on  the 

rmaratus      Vfter  undergoing  great  bodily  exertion  in  travelling  and  in  part 

ping  through  the  pafsagel  one  after  another  of  them  had  fit,  of  giddiness, 

andtwo  of  them,  unable  to  proceed,  succumbed  to  the  fumes    after  the  oxygen 

"the"    apparatus  had  become  exhausted;  while  a  third    whose  helmet-glass 

lot  broken    narrowly  escaped.     The  lesson  from  the  accident  is  considered  to 

be  that  the  inhalation  of  the  fumes  of  combustion,  even  when  8™%*™* 

must  not  be  taken  too  lightly,  and  that  its  effects,  though  not  noticed  at  th 

moment,    will    show    themselves    under    exertion    afterwards-    further,    that 

a  tificia    breathing-apparatus  should  be  used  only  by  men  who  throughly 

understand  their  use,  one  of  the  men  having  failed  to  avail  himself  of  his 

ull  supply  of  oxygen  in  the  case  in  point.    The  apparatus  should  be  used  by 

entity  fLh  mem    It  is  mentioned  that  a  '■  minima*      apparatus  at  the  foot 

of  the  staple  had  done  excellent  work  in  the  quenching  of  the  fire^ 
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Explosion   at    Neumuhl    Colliery. — [OFFICIAL.]      Zritsclir.    f.    Berg-,    Hiitt-     I. 

Salinenwes.,  1913,  vol.  lxi.,  pages  313-317. 

The  coal-field  is  exploited  by  Shafts  I.  and  II.  and  four  levels.  The 
Beckstadt  Seam,  in  which  the  accident  occurred  on  August  20th,  1912.  dips 
slightly  from  south  to  north,  and  is  worked  from  the  fourth  level.  It  is 
from  37  to  40  inches  (0'95  to  1  metre)  thick,  and  consists  of  rich  coal 
containing  gas  which,  despite  good  ventilation,  is  occasionally  given  off  in 
large  quantities.  Shortly  before  the  explosion,  in  which  three  men  lost  their 
lives,  the  working  in  question  had,  on  account  of  complaints  of  its  wetness, 
been  inspected  by  two  of  the  officials.  The  observations  thereby  made  had 
shown  that  no  considerable  quantity  of  ga*  was  present,  and  a  notice-board 
declaring  the  place  to  be  "gas-free"  was  accordingly  hung  up.  The  three 
men  at  work  there  had  filled  a  tub,  and  two  of  them  had  started  oh  their 
way  out-bye,  while  the  third  had  hung  his  benzine  lamp  on  the  timbering 
under  the  roof  just  above  a  feeder  of  water,  and  was  collecting  the  tools  with 
the  intention  of  following.  What  then  followed  rests  on  conjecture.  The 
water  from  the  feeder-hole  probably  gave  ]}lace  to  gas,  which  ascended  to  the 
lamp  and  became  ignited.  The  gas  would,  at  first,  burn  without  explosion, 
but  the  fire  would  be  quickly  communicated  to  collections  of  gas  at  spots 
somewhat  further  away,  where  the  proportions  of  air  that  favoured  explosion 
were  present.  Two  explosions  occurred,  and  the  three  men  were  suffocated  by 
the  afterdamp.  Considerable  damage  was  also  done  to  the  timbering,  ventilat- 
ing appliances,  and  roadway.  A.  E.  L. 


Explosion    of    Gas    at    Westende    Colliery,    Duisbucg    District. — [Official  J 

Zeitschr.  f.  Berg-,  Hiitt.-  u.  Salinenwes.,  1913,  vol.  lxi.,  pages  317-320. 

The  Beckstadt  Seam,  which  here  saddles  down  under  the  fifth  level,  is 
worked  by  two  staples  leading  from  the  latter  to  still  lower  seams.  At  the 
place  of  the  accident,  the  seam  was  about  20  inches  thick,  and  had  an  inclina- 
tion of  about  2  degrees,  the  roof  and  floor  being  of  slate  or  similar  material. 
Two  parallel  roads  were  being  driven  into  the  field.  Ventilation  was  kept 
up  through  the  two  staples,  the  air  being  coursed  so  as  to  keej)  the  working- 
places  supplied.  It  is  supposed  that  the  brattice-cloths  had  been  lifted  or 
the  air-pipes  interrupted  in  some  way,  so  that  the  air  could  take  a  short  cut 
from  staple  to  staple  without  passing  the  working-place.  The  five  men  at  the 
face  on  September  11th,  1911,  probably  noticing  that  the  gas  began  to  burn 
in  their  lamps,  fled  hurriedly,  but  were  too  late  to  escape.  Their  bodies  were 
found  in  positions  indicating  instant  death.  Conjecture  and  the  condition  of 
the  place  after  the  accident  went  to  show  that  in  the  lower  part  of  the  gallery 
the  gas  had  merely  burnt,  while  at  the  upper  part  it  had  exploded.  A  piece 
had  been  broken  out  of  the  glass  of  one  of  the  benzine  safety-lamps,  that  was 
otherwise  undamaged.  It  is  supposed  that  the  defect  had  existed  before  the 
explosion  and  that  the  gas  had  been  ignited  at  this  lamp.  Experiments  subse- 
quently made  with  safety-lamps  of  the  pattern  used  (Freimann-ifc-Wolf  benzine 
safety-lamps)  showed  that  even  when  these  were  swung  about  in  gas,  no  ill 
effects  were  produced.  When,  however,  gas  was  blown  against  the  lamps,  the 
wire  gauze  became  heated  and  fused.  A.  R.  L. 


Explosion  at  the  Grafin  Laura  Colliery,  Konigshutte  District. — [Official.] 
Zeitschr.  f.  Berg-,  Hiitt.-  u.  Salinenwes.,  1913,  vol.  lxi.,  pages  353-356. 

On  January   15th,   1911,   a  fire  broke   out  in  the   Gerhard  Seam   of  the 
Grafin  Laura  Pit.    The  fire-watchmen  noticed  -moke  in  the  air-current.     They 
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went  in  search  of  the  fire,  but  were  driven  back  by  the  fumes,  and  it  was 
decided  to  dam  off  the  section  in  question.  The  doors  in  four  existing 
masonry  dams  were  closed,  and  work  was  begun  on  two  additional  dams, 
which,  however,  were  disturbed  on  the  following  day.  An  explosion  of  gas 
then  blew  out  several  of  the  doors  and  injured  five  of  the  men.  The  dams 
were  repaired,  and  channels  left  to  relieve  the  pressure  of  the  gas  within  were 
-<>on  afterward-  found  to  be  letting  in  air,  and  were  accordingly  closed  up. 
In  the  following  June  (1911),  the  section  was  fotmd  to  be  gas-free;  the  dams 
were  opened,  and  the  work  of  removing  the  coal  and  debris  and  repairing  the 
timbering  damaged  by  the  explosion  was  begun.  Three  weeks  later,  how- 
ever, before  the  seat  of  the  fire  was  reached,  gas  made  its  appearance,  and 
the  dams  had  to  be  closed  again.  At  intervals  of  three  months,  the  air- 
current  was  then  twice  sent  through  the  section.  On  the  second  occasion,  in 
June  and  July,  1912,  the  work  of  clearance  was  continued  up  to  the  seat  of  the 
fire,  but  on  gas  again  appearing,  the  section  was  once  more  shut  off,  to  be 
finally  opened  in  1912.  The  fire  was  attributed  to  spontaneous  combustion 
of  the  roof-coal,  which  was  very  rotten  and  broken.  It  broke  out  on  a  Sunday, 
so  that  no  men  were  iu  the  section  at  the  time.  A.  R.  L. 


Explosion  of  Gas  in  the  Adolf  sgiiick  Potassium  Salt-mine,  near 
Lindwedel,  North  Hanover  District. — By  --  Dahms.  Zcitschr.  f. 
Berg-,  Hiitt.-  u.  Salinenwes.,  1913,  vol.  lxi.,  pages  357-363. 

A  shaft  was  being  sunk  at  the  Adolfsgluck  Mine,  in  which,  at  depths  of 
about  1,150  feet  (350  metres)  and  below,  traces  of  petroleum  began  to  make 
their  appearance.  Boring  in  advance  and  careful  search  for  gas  were  then 
resorted  to.  Small  quantities  of  oil  exuded  from  cracks,  and  showed  them- 
selves in  the  form  of  discoloured  patches  on  the  inner  surface  of  the  masonry 
of  the  shaft.  On  December  23rd,  1912,  the  third  considerable  exudation 
occurred  at  a  depth  of  1,680  feet  (512  metres).  It  was  not  accompanied  by 
gas.  On  December  24th,  a  number  of  shots  were  fired,  and  a  quarter  of  an 
hour  later,  when  five  men  were  descending  in  the  kibble  with  naked  lights, 
three  successive  explosions  were  noticed  in  the  form  of  gusts  of  air  by  the 
men  at  bank.  The  five  men  in  the  kibble  lost  their  lives.  A  large  lateral 
pocket  was  found  with  a  small  neck-like  opening  at  the  periphery  of  the 
bottom  of  the  shaft  of  about  half  the  area  of  the  latter  in  plan  and  5  to  6 
feet  (1-5  to  1-8  metres)  in  height,  which  was  found  to  have  contained  rock-salt 
impregnated  with  gas  and  oil  under  pressure.  On  the  firing  of  the  shots,  the 
gas,  previously  imprisoned  by  slaty  rock,  had  been  enabled  to  escape  and 
had  then  crumbled  and  burst  out  into  the  shaft.  The  gas  had  risen  to  about 
330  feet  (100  metres)  above  the  bottom  of  the  shaft,  and  had  there  been 
ignited  by  the  naked  lamps  which,  contrary  to  rule,  had  been  taken  down 
in  the  kibble.     The  damage  to  the  shaft  was  insignificant.  A.  R.  L. 


Accident    with     Breathing-apparatus     at    the     Consortium     Ruben     Pit, 
Neurode. — Anon.     Zeitschr.  f.  Berg-,  Hiitt.-  u.  Salinenwes.,  1913,  vol. 
lxi.,  pages  :S!)2-403. 
In  the  Josef  Seam,  which  had  on  several  occasions  been  the  scene  of  out- 

bursts  <>f   carbon  dioxide,  work  was  conducted  with  electrically-fired   blasts. 

A  series  "t  these,  one  only  of  which  had  gone  off,  had  been  fired  on  November 

11th,  1912,  and,  the  detector-lamps  showing  the  presence  of  carbon  dioxide, 
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two  men  with  breathing-apparatus  attempted  t<>  reach  the  place  of  working. 
When  Hearing  the  latter,  one  of  them  began  to  reel,  and  had  first  to  be 
supported  and  afterwards  to  be  dragged  along  by  his  comrade,  whose  strength 
ultimately  failed  him,  so  that  he  had  to  make  his  escape  alone.  The  prostrate 
man  was  ultimately  carried  out,  but  did  not  recover.  Experiments  were  macte 
with  the  apparatus  used,  and  professional  opinions  were  obtained  as  to  the 
causes  of  its  failure.  It  could  only  be  surmised  that  the  man,  although  well 
acquainted  with  the  directions  for  using  his  breathing-apparatus,  must  have 
put  it  on  in  a  careless  manner,  not  filled  his  nose  properly  witli  cotton-wool, 
or  had  attempted  to  talk  and  thereby  inhaled  carbon  dioxide.  As  a  result  of 
the  accident,  more  stringent  rules  for  the  ventilation  of  workings  in  which  the 
occurrence  of  carbon  dioxide  was  to  be  expected  were  laid  down.      A.  R.  L. 


National  Mine-rescue  and  First-aid  Conference,  Pittsburgh,  Pennsyl- 
vania, September  7  3rd-  2  6th,  1912. — By  HERBERT  M.  Wilson.  Bur. 
Mines,  1913,  Bulletin  No.  62,  pages  1-74. 

This  conference  was  projected,  in  the  hope  that  it  would  be  a  factor  in 
increasing  safety  in  the  mining  industry  through  the  recommendation  of 
better  and  safer  methods  of  conducting  mine-rescue  operations,  more  efficient 
methods  of  extending  and  giving  training  in  the  use  of  artificial-breathing 
apparatus,  and  approved  and  more  effective  methods  of  administering  first  aid 
to  injured  miners  and  of  training  miners  in  first-aid  work. 

In  some  important  cases  further  information  is  necessary  before  any 
standard  procedure  can  be  recommended,  particularly  as  regards  types  of 
bandages,  methods  of  resuscitation,  the  use  of  stimulants,  the  cumulative 
effect  of  poisonous  gases,  the  diet  of  men  engaged  in  rescue-work,  the  physiol- 
ogical effect  of  the  pressure  of  breathing-apparatus  on  the  head,  the  amount  of 
oxygen  required  in  training,  and  the  effect  of  concentrated  oxygen,  high 
temperature,  etc.  Regarding  these  subjects,  the  U.S.A.  Bureau  of  Mines,  in 
co-operation  with  a  sub-committee  appointed  by  the  conference,  will  make 
tests  and  obtain  further  information  with  a  view  to  perfecting  apparatus  and 
methods. 

It  is  contemplated  that  additional  conferences  of  a  similar  nature  may  be 
held,  probably  coincident  with  the  formation  of  a  national  organization  or 
society,  in  which  event  the  Bureau  of  Mines  may  issue  from  time  to  time 
technical  papers  or  miners'  circulars  giving  such  of  the  results  as  it  may 
wish  to  recommend  for  adoption. 

An  outcome  of  the  deliberations  of  the  conference  was  the  appointment 
of  a  committee  charged  with  organizing  a  permanent  association  for  the 
development  of  safety  in  mines.  It  is  expected  that  meetings  similar  to  the 
conference  will  be  held  bv  that  association.  A.  P.  A.  S. 


Kind-Chaudron    Sinkings    in    the     Clausthal    District. — By    --    Albrecht. 
Zeitxchr.  f.  Berg-.  Hiiti-  u.  Salinenwes.,  1913,  vol.  lxi.,  pages  223-254. 

Thirteen  examples  are  given  of  sinkings  that  have  been  made  during  the 
last  20  years  by  the  Kind-Chaudron  method,  in  most  cases  under  unusual 
difficulties  brought  about  by  the  effects  of  previous  operations  conducted  by 
other  means.  In  eleven  cases,  in  which  the  boring  was  successful,  the  monthly 
performance  varied,  according  to  the  conditions  of  the  different  cases,  from 
5'  to  244  feet   (T66  to  7'43  metres)  the  average  being  14  feet   (429  metres). 
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One  of  the  sinkings  was  left  unfinished  for  reasons  unconnected  with 
the  work.  In  one  case  only  the  cement  used  had  failed  to  set  properly,  so 
that  water  percolated  through  the  concrete.  This  defect  was  subsequently 
remedied,  and  the  adoption  of  other  methods  of  concreting  has  prevented  its 
recurrence.  The  monthly  performance  as  regards  boring  alone,  including 
interruptions,  varied  from  1\  to  36  feet  (227  to  1091  metres),  the  clear 
diameter  of  the  shafts  being  in  the  majority  of  cases  13  feet  5±  inches 
(41  metres).  The  monthly  performances  in  the  lining  of  the  shaft  ranged 
from  8  to  25  feet  (25  to  77  metres)  and  those  of  the  concreting  from  11±  to 
23  feet  (3' 5  to  7  metres). 

In  the  course  of  a  description  of  the  Kind-Chaudron  process  and  appar- 
atus, the  author  shows  that  within  the  last  12  years  considerable  improve- 
ments in  detail,  though  but  few  in  principle,  have  been  made  in  the  process, 
and  attributes  this  not  only  to  the  unbroken  success  obtained  with  it,  but  also 
to  the  fact  that  it  was  in  all  cases  applied  by  the  same  firm.  A.  R.  L. 


Economical  Utilization  of  the  Indigenous  Fuels  of  Austria. — By  E. 
Doxath.  CEsterr.  Zeitschr.  f.  Berg-  u.  Hiittenwes.,  1913,  vol.  lxi., 
pages  169-190. 

The  writer  advocates  not  only  the  development,  but  also  the  more  profit- 
able utilization  of  the  stores  of  natural  fuel  in  Austria.  Of  these  the  chief 
are  hard  and  brown  coal,  wood,  and  rock-oil.  He  points  out  that  whereas 
wood,  though  costly,  can  always  be  renewed,  the  coal  and  oil  supplies  may  be, 
and  are  in  some  places,  in  danger  of  being  exhausted.  Hence  the  necessity 
of  working  the  mines  more  efficiently,  and  also  of  greater  economy  of  com- 
bustion than  was  practised  in  the  last  century.  The  most  important  combust- 
ible product  is  hard  coal.  This  should  not  be  burnt  in  an  open  grate,  but 
g.i-ified,  and  the  bye-products  (ammonia,  tar,  benzol,  and  cyanogen  com- 
pounds) recovered.  By  the  sale  of  these  valuable  products  the  writer 
calculates  that  gas  is  produced  in  Germany  for  about  3s.  per  1,000  cubic  feet. 
If  the  coal  be  converted  into  coke,  the  sale  of  the  bye-products  is  so  valuable 
that  the  coke  itself  becomes  of  minor  importance.  In  Germany,  again,  the 
production  of  coal-tar  has  increased  so  rapidly  that  attempts  have  even  been 
made  to  drive  locomotives  with  it.  It  has  a  heating  value  of  16,200  British 
thermal  units  as  against  13,500  per  pound  in  German  coal.  The  value  of  the 
rich  coke-oven  gas  for  driving  engines  is  now  fully  recognized,  and  coal-tar 
can  also  be  used  in  Diesel  engines.  As  regards  brown  coal,  the  writer  does 
not  advise  its  use  in  the  raw  state.  If  distilled,  it  yields  coke  from  which 
briquettes  can  be  made,  as  also  gas,  benzol,  and  toluol,  but  there  is  at  present 
no  brown-coal  distillery  in  Austria.  This  country  almost  alone  in  Europe 
I  issesses  rich  -tores  of  oil,  but  this  Galician  oil  is  not  suitable  for  illumina- 
tion. When  treated  by  fractional  distillation,  it  yields  benzine  and  petrol- 
eum,  and  75  per  tent,  of  thick  residuum  is  available  for  heating  and  power 
purposes  E.  M.  D. 


MECHANICAL    ENGINEERING.    ELECTRICITY    IN    MINES,    ETC. 

Commercial     Trend     of    the     Producer-gas     Power-plant     in    the     United 

States.- -By  R.  H.  Ferxald.     Bur.  Mines,  1913,  Bulletin  No.  55,  pages 

1-92. 

Government  enquiries  during  the  past  eight  years  have  shown  not  only 

;>   very  low  fuel-consumption  per,  horsepower-hour  for  these  plants,  but  have 
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demonstrated  conclusively  the  possibility  of  utilizing  commercially  low  grades 
of  bituminous  coal,  lignite,  and  peat  in  plants  properly  designed  for  the  use 
of  these  fuels.  The  anthracite  plant  has  been  recognized  as  a  commercial 
possibility  for  several  years,  although  the  cost  of  the  fuel  used  has  in  general 
restricted  these  plant-  to  comparatively  small  units. 

The  commercial  development  of  the  producer-gas  power-plant  in  the 
I'nited  States  has  taken  place  largely  within  the  past  six  or  eight  years. 
( 'wing  to  the  extensive  introduction  of  the  steam-turbine,  however,  many 
person-  predicted  the  almost  immediate  doom  of  the  producer-gas  plant.  In 
addition  to  the  inroads  made  by  this  formidable  rival,  the  interest  of  the  gas- 
engine  enthusiasts  became  centred  to  such  an  extent  in  the  oil-engine  that  the 
gas-producer  was  relegated  to  second  place  by  many,  and  absolutely  abandoned 
by  some.  During  the  past  three  years,  the  belief  of  many  who  were  formerly 
firm  believers  in  the  gas-producer  has  been  that  this  type  of  power  has  reached 
its  height  of  development,  and  that  from  a  commercial  standpoint  it  can  no 
longer  be  regarded  as  a  complete  success.  This  feeling  of  commercial  decad- 
ence has  become  so  general  that  the  facts  gleaned  from  an  inspection  of  the 
summaries  and  charts  presented  in  this  Bulletin  will  undoubtedly  surprise 
those  who  have  regarded  the  immediate  downfall  of  the  producer  as  inevitable. 

In  1909,  the  estimated  hoi'sepower  of  gas-  and  of  oil-engines  installed  for 
industrial  purposes  in  the  United  States  was,  according  to  Mr.  Louis  B. 
Stillwell,  800,000. 

It  is  hardly  possible  to  arrive  at  a  correct  estimate  of  the  total  gas-engine 
horsepower  in  the  world  at  the  present  time ;  but,  excluding  automobile 
engines,  8,000,000  horsepower  is  perhaps  a  conservative  estimate.  Possibly 
2,000,000  to  2,500,000  horsepower  of  gas-engines,  large  sizes  mainly,  is  derived 
from  the  waste-gases  of  blast-furnaces;  the  remainder  is  derived  from  illumin- 
ating-gas, natural  gas,  producer-gas,  and  the  various  liquid  fuels. 

In  considering  the  above  estimates,  it  is  of  interest  to  note  that  in  the 
United  States  gas-engines  of  an  aggregate  capacity  of  about  200,000  horse- 
power derive  their  power  from  producer-gas,  and  an  aggregate  capacity  of 
not  less  than  350,000  horsepower  from  blast-furnace  and  coke-oven  gas. 

The  views  of  manufacturers,  owners,  and  operators  of  producer-gas  power- 
plants  are  given  in  the  Bulletin,  together  with  statistics  relating  to  the 
number  and  distribution  of  plants  in  the  United  States. 

It  is  pointed  out  that  probably  there  are  at  the  present  time  in  the 
United  States  900  or  1,000  producer-gas  power-plants,  ranging  in  size  from 
15  to  several  thousand  horsepower.  Closely  allied  to  such  plants  are  blast- 
furnace and  coke-oven  gas  power-plants,  of  which  the  aggregate  horsepower 
U  stated  to  be  339,280.  A.  P.  A.  S. 


Theory  of  Steam-accumulators  and   Regenerative  Processes. — By  F.   G. 

Gasche.     Proc.    Engineers'   Soc.    IT'.    Penna.,   1912,   vol.    xxviii.,   pages 

723-759. 
The  advent  of  the  low-pressure  steam-turbine  gave  rise  to  the  necessity 
of  another  form  of  heat-reservoir  known  as  an  "  accumulator  "  or  "  steam- 
regenerator."  Exhaust-steam  supply  is  variable  in  nearly  all  installations  of 
steam-engines,  without,  however,  being  a  particularly  disturbing  factor  while 
condensing  operation  is  the  practice.  The  exceptions  are  few  where  there 
would  not  be  commercial  advantage  in  operating  the  engines  non-condensing 
and  making  further  use  of  the  steam  in  low-pressure  turbines,  provided  there 


28  NOTES  OF  PAPERS  IN  COLONIAL  AND  FOREIGN 

were  no  great  losses  of  steam  to  the  atmosphere  with  peak  loads  on  the 
engine  and  insufficient  capacity  of  the  turbine.  It  is  the  function  of  the 
steam-regenerator  to  reconcile  these  incompatible  conditions  by  providing  a 
commercially  accessible  heat-reservoir. 

The  author  describes,  illustrates  diagrammatically,  and  develops  exhaust- 
ively the  theory  of  the  iron  regenerator,  the  static  water  regenerator,  and 
regenerators  with  forced  and  induced  circulation.  Illustrative  cases  are 
worked  out  showing  the  application  of  the  formulae  given,  together  with 
curves  showing  results  in  practice.  An  analysis  is  made  of  the  value  of 
receiver  spaces  of  heat-reservoirs  and  of  regenerator  action  as  influenced  by 
the  storage  of  heat  in  the  receiver  steam  above  the  water.  The  regenerative 
period  is  analysed  at  length,  an  illustrative  case  worked  out,  and  practical 
formula;  given.  A.  P.  A.  S. 

Electricity  and  Compressed  Air  at  the  Anderlues  Colliery. — Anon.     Eeport 
from  La  Louviere  to  the  Chron.  Trav.  Pub.,  1913,  page  4,542. 

At  Xo.  2  Pit  two  low-pressure  compound  tandem  air-compressors,  with 
surface  cooling,  and  a  third  on  the  Rud-Meyer  system,  for  compression  to  at 
least  200  atmospheres,  are  all  driven  by  three-phase  asynchronous  motors. 
The  two  first-named  supply  the  tools  and  machines  underground,  while  the 
third  affords  compressed  air  for  four  locomotives,  which  haul  the  coal  got  at 
the  1,673-foot  (510-metre)  level  of  Xo.  2  Pit.  Xos.  1  and  4  shafts  are  also 
to  be  equipped  for  electric  working;  and  Xo.  5  is  to  be  provided  with  an 
installation  similar  to  that  of  Xo.  2.  J.  "W.  P. 


Investigations  of  Detonators  and  Electric  Detonators. — By  Claeence  Hall 
and  Spencer  P.  Howell.     Bur.  Mines,  1913.  Bulletin  Xo.  59,  pages  1-73. 

This  Bulletin  is  issued  by  the  Bureau  of  Mines  as  one  of  a  series  of 
publications  dealing  with  the  testing  of  explosives  and  the  precautions  that 
should  be  taken  to  increase  safety  and  efficiency  in  the  use  of  explosives  in 
mining  operations. 

The  results  of  the  experiments  described  show  that  the  average  percentage 
of  failures  of  explosives  to  detonate  was  increased  more  than  20  per  cent. 
when  the  lower  grades  of  electric  detonators  were  used  instead  of  Xo.  6 
electric  detonators,  and  was  increased  more  than  50  per  cent,  when  these 
lower  grades  were  used  instead  of  Xo.  8  electric  detonators.  It  is  noteworthy, 
however,  that  when  sensitive  explosives,  such  as  40-per-cent.  strength  am- 
monia-dynamite, were  tested  under  conditions  ideal  for  detonation,  the  same 
energy  was  developed  irrespective  of  the  electric  detonator  iised.  When 
tests  were  made  with  a  less  sensitive  explosive,  such  as  a  40-per-cent. -strength 
ammonia-dynamite  containing  nitro-substitution  compounds,  the  energy 
developed  increased  with  the  grade  of  the  electric  detonator  used.  For 
example,  the  average  efficiency  of  foiir  different  explosives  was  increased 
10-4  per  cent,  when  a  No.  6  instead  of  a  Xo.  4  electric  detonator  was  used, 
and  14-9-per-eent.  when  a  Xo.  8  electric  detonator  was  employed.  These 
results  emphasize  the  importance  of  using  explosives  in  a  fresh  condition, 
bul  as  fresh  explosives  cannot  always  be  had  in  mining  work,  strong  deton- 
ator- should  be  used  in  order  to  offset  any  deterioration  of  explosives  from  age. 

The  results  obtained  substantiate  the  following  conclusions: — (l)  That 
t'ii  any  particular  manufacturer's  detonators  or  electric  detonators  the  explo- 
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sive  efficiency  increases  with  their  grade j  and  (2)  that  the  four  No.  6  electric 
detonators,  of  different  makes,  tested  have  practically  the  same  explosive 
efficiency  as,  and  each  is  considered  equivalent  to,  the  Pittsburgh  testiug- 
station  standard  No.  (i  electric  detonator,  for  use  with  permissible  explosives 
in  coal-mines  where  the  No.  ii  grade  is  prescribed. 

It  has  been  pointed  out  thai  the  practice  of  iising  combination  charges 
of  explosives  has  been  recently  adopted  in  some  coal-mines.  The  drill-holes 
are  usually  shallow,  and,  accordingly,  do  not  permit  of  the  use  of  sufficient 
stemming  to  confine  the  gases  properly  when  they  are  evolved  at  different 
rates.  Under  such  conditions,  fires  and  blown-out  shots  are  likely  to  result. 
Several  tests  made  at  the  Pittsburgh  testing-station  for  the  purpose  of 
determining  the  energy  developed  by  combination  charges  showed  that  there 
was  no  advantage  in  using  them  under  conditions  that  simulated  blasting  in 
coal,  and,  as  there  are  many  dangers  attendant  upon  their  use,  the  practice 
should  bo  discouraged.  The  tests  also  indicated  that  there  is  no  advantage  in 
using  an  extra  detonator  in  the  dynamite,  as  the  explosion  of  the  black 
blasting-powder  is  sufficient  to  cause  complete  detonation.  Many  accidents 
have  occurred  in  coal-mines  where  combination  charges  containing  detonators 
were  used.  When  squibs  are  used  for  firing,  it  is  necessary  to  insert  a  needle 
into  the  charge  of  black  blasting-powder,  and  there  is  always  then  a  possi- 
bility of  the  needle  coming  into  contact  with  the  detonator.  A.  P.  A.  S. 


New  Electric  Mining  Lamp. — By  D.  B.  Eushmoee.     Trans.  Amcr.  In.it.  Min. 
Kng.,  1913,  vol.  xliii.,  pages  314-321. 

A  new  electric  mining  lamp  of  improved  design  has  recently  been  devel- 
oped by  the  General  Electric  Company  for  the  Philadelphia  &  Reading  Coal 
&  Iron  Company,  Pottsville,  Pa.,  U.S.A. 

The  lamp  is  of  the  combination  hand-lantern  and  head-light  type,  and 
consists  of  a  miniature  tungsten  lamp-unit,  operated  from  a  light  storage- 
battery.  The  lamp  is  provided  with  an  efficient  reflector,  designed  to  illum- 
inate a  9-foot  circle  at  a  distance  of  4  feet  from  the  lamp,  and  photometric 
records  show  about  2-5  or  3  candlepower  at  a  distance  of  2  feet.  The  battery 
has  a  capacity  of  5  ampere-hours,  and  is  of  sufficient  size  to  operate  a  lamp 
from  12  to  14  hours. 

When  used  as  a  head-light,  the  lamp,  with  its  reflector,  is  fastened  to  the 
miner's  cap,  and  connected  by  means  of  a  flexible  cord  to  the  battery,  which 
is  carried  on  a  belt  or  from  shoulder-straps.  When  used  as  a  hand-lantern, 
the  lamp-socket  is  removed  from  the  cap-receptacle  and  inserted  into  the 
receptacle  on  the  side  of  the  battery,  simply  taking  the  place  of  the  cable- 
attaching  plug. 

Some  of  the  important  points  in  connexion  with  this  design  are  :  (1)  sub- 
stantial construction;  (2)  light  weight  and  compactness;  (3)  complete 
enclosure  of  all  conducting  parts;  (4)  use  of  an  absorbent  for  the  electrolyte, 
to  prevent  spilling;  (5)  small  number  of  movable  contacts;  (6)  increased 
efficiency  of  a  4-volt  lamp;  (7)  efficiency  of  the  reflector;  (8)  impossibility  of 
charging  with  reversed  polarity ;  and  (9)  instant  convertibility  from  hat-lamp 
to  hand-lantern. 

Special  care  has  been  taken  to  select  all  materials  used  in  the  construction 
to  withstand  the  hard  service  to  which  this  lamp  may  be  subjected.  The  steel 
battery-case  is  drawn  from  a  single  plate,  and  is  therefore  seamless.  The 
battery-jar  is  not  made  of  the  brittle  rubber  commonly  used,  but  has  some 
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elasticity  left  in  it,  bo  that,  should  the  steel  case  receive  a  blow,  there  ig_ 
little  chance  of  the  battery-jar  being  cracked.  The  cord  from  the  battery  to 
the  lamp  is  metal-armoured  where  the  greatest  wear  and  strain  occur,  but 
perfectly  flexible  where  flexibility  is  required.  The  battery-case  is  locked 
with  a  magnetic  lock  which  also  locks  the  attaehing-plug  in  the  receptacle, 
thus  preventing  this  plug  from  working  loose  and  permitting  the  formation 
of  a  -park.  The  hat-lamp  is  sealed  with  a  leaden  seal,  which  must  be  broken 
before  the  miniature  lamp-globe  can  be  removed.  The  battery  is  flat  and 
compact,  in  order  that  it  may  lie  as  close  as  possible  to  the  body.  It  weighs 
approximately  3  pounds  and  measures  6£  by  4§  by  1J  inches.  In  order  to 
prevent  accidental  short-circuits,  causing  sparks,  all  live  parts  are  totally 
enclosed  in  moulded  compound.  The  battery-terminals,  attach ing-plug,  hat- 
receptacle,  and  lamp-holder  are  all  moulded  from  hard  fire-  and  acid-proof 
compound,  and  thus  perfectly  protected  from  corrosion  due  to  acid  spray  or 
gases.  The  reflector  is  made  of  stamped  steel,  enamelled  both  inside  and 
outside,  thus  absolutely  protecting  it  from  corrosion.  The  lamp-globe  is 
protected  from  injury  by  a  glass  plate,  fastened  to  the  rim  of  the  reflector 
lis  a  spring.  The  contacts  on  the  battery-terminal  and  ping  are  concentric 
in  form,  so  that,  no  matter  how  the  plug  is  put  in,  the  polarity  must  be  the 
same  each  time.  A  separate  plug  is  supplied  for  use  in  charging,  and  can  be 
wired  permanently  on  the  charging-rack  with  its  polarity  correct.  It  will 
then  be  impossible  to  charge  the  battery  from  this  plug  with  reversed 
polarity. 

An  objection  often  raised  against  the  electric  lamp  is  that  it  offers  no 
means  of  indicating  the  presence  of  firedamp.  Several  devices  have  been 
proposed,  such  as  providing  spiral  wires  coated  with  salts  of  platinum,  etc.; 
but  there  seems  to  be  at  present  no  really  satisfactory  solution  of  this 
difficulty,  although  there  is  no  reason  why  a  solution  should  not  be  expected. 
To  attempt  to  find  a  satisfactory  firedamp  indicator  is,  however,  in  the 
writer's  opinion,  merely  to  delay  the  general  introduction  of  electric  lamps; 
and  there  seems  to  be  no  real  necessity  for  such  an  addition  to  a  miners' 
lamp.  The  firedamp  detector  might  well  be  an  entirely  separate  instrument, 
which  could  be  installed  in  places  where  the  firedamp  is  expected  to  form 
first,  such  as  near  the  roof,  or  in  cavities  therein.  There  is  no  reason  why  one 
or  more  gauze-lamps  should  not  be  supplied  with  each  batch  of  electric 
lamps,  and  hung  in  the  working-place  where  they  can  be  easily  seen,  and 
where  any  outburst  of  gas  would  be  most  likely  to  occur.  A.  P.  A.  S. 


Accidents    in    Connexion    with    Electric    Appliance. — [Official.]      Zeitschr 
f.  Berg-,  Hiilt-  u.  Salinenwes,,  1913,  vol.  lxi.,  pages  321-353. 

At  the  Consolidated  Wenceslaus  Colliery,  in  the  Ost-Waldburg  District, 
a  man  was  ordered  to  strew  ashes  in  the  compressor-room,  the  floor  of  which 
was  to  be  paved  over.  Despite  the  warning-board,  he  had  crept  into  the 
high-voltage  room  to  strew  ashes  there  as  well,  and  had  got  his  neck  between 
two  terminal-screws  so  that  a  partial  bridge  was  established  for  the  3,000-volt 
current,  which  was  then  quickly  switched  off.  The  insensible  man  recovered 
after  about  2()  minutes'  treatment.  The  Government  official,  to  whom  the 
case  was  reported,  decided  that  such  rooms  should  in  future  be  shut  up,  so 
that  only  responsible  officials  could  enter  them.  Sixty-eight  other  cases  of 
accident   in  working  with  electric  installations  are  reported,  and  the  following 
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regulation  h;is  been  made  in  connexion  with  them  :  -For  the  avoidance  of 
accidents  with  switches  for  short-circuit  motors,  fireproof  partition-walls  are 
to  be  fitted  between  the  contacts  of  the  different  phases. 

The  accidents  were  in   mosl   cases  found  to  be  due  to  carelessness  or  to 
want  of  sufficient  knowledge  on  the  part  of  the  men  employed.         A.  R.  L. 


ADMINISTRATION   AND  STATISTICS. 
New     Legislation     concerning     Workmen's     Wages     in     Austria. — By     K. 
Benndobf.     (Esterr.   Zeitschr,  f.   Berg-  u.  Hiittenwes.,  1913,  vol.   lxi., 
page  48. 

The  new  law  regulating-  the  payment  of  workmen's  wages  in  Austria  has 
introduced  some  confusion  into  mining  accounts.  According  to  its  rules, 
miners'  wages  must  be  paid  every  fourteen  days,  and  not  every  half-month,  as 
has  hitherto  been  usual.  Up  to  now  fourteen  days  in  Austria  have  counted 
as  half  a  month,  Sundays  not  being  reckoned.  It  has  been  usual  to  give 
notice  on  the  1st  and  loth  of  a  month.  Now,  in  order  that  the  workman 
should  have  his  exact  weekly  wage,  the  fourteen  days  are  to  be  counted  as  two 
weeks,  although  for  most  of  the  miners  the  fortnight  is  really  represented  by 
twelve  working  days.  As  the  new  law  came  into  force  on  Tuesday,  October 
1st,  1912,  consequently  each  period  of  fourteen  days  terminates  on  the  second 
Monday  after.  To  weekly  wage-earners  the  difference  between  14  days 
and  half  a  month  is  trifling,  but  it  greatly  complicates  the  accounts  for 
running  costs,  as  all  ingoings  and  outgoings  are  calculated  by  the  month. 
The  exact  bi-weekly  wage  also  causes  confusion  in  the  workmen's  payments 
to  their  societies  and  unions,  which  must  by  law  in  Austria  be  made  monthly. 
The  two-weekly  payments  can  never  be  adjusted  to  the  working  costs, 
because  they  represent  12  (not  13)  working  days,  and  the  writer  hopes  in  time 
that   half-monthly  payments  may  be  adopted.  E.  M.  D. 


Winding-ropes  and  Engines,  Working-places,  Ventilation,  and  Explosives 
in  French  Collieries. — Anon.  Ann.  Mints  Belgique,  1911,  vol.  xvi., 
pages  105(1-10(18. 

Winding-ropes  und  Engines. — The  new  regulations  require  that  every 
winding-engine  shall  be  provided  with  an  efficient  brake,  a  lift-indicator,  an 
audible  signal  to  announce  the  ascent  of  the  cage,  and  a  speed-recorder. 
Heapsteads  must  be  so  designed  that  overwinding  shall  be  impossible;  and 
there  must  also  be  provision  for  preventing  a  cage  from  coming  down  too 
sharply  on  the  keps  at  the  bottom.  Underground  boilers  are  only  permitted 
by  special  authorization  of  the  Mine  Inspector,  in  which  case  their  room  must 
lie  hewn  out  of  the  rock  and  fire-proofed. 

A  register  must  be  kept  of  ropes  for  winding  or  conveying  men,  recording 
their  constitution  and  tests,  the  name  and  address  of  the  maker,  the  date  of 
putting  in  (and  standing  idle),  with  application,  the  maximum  load,  the  date 
ami  circumstances  of  inspection,  the  date  and  nature  of  repairs,  shortening 
and  turning,  with  the  results  of  tests,  the  dates  and  nature  of  accidents,  the 
date  and  cause  of  taking  out,  and  the  total  work  effected.  Before  letting  men 
down  each  day,  all  the  gear  must  be  examined  and  a  trial  lift  made,  a  thorough 
inspection  being  effected  and  its  results  recorded  at  least  once  a  week. 

Before  being  used  for  winding  men,  every  rope  must  be  subjected  to 
suitable  tension  tests,  and  also  bending  tests  if  of  steel-wire,  and  must  make 
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at  least  twenty  lifts  (four  at  least  after  each  re-capping)  fully  loaded.  Minute 
instructions  are  given  as  to  the  cixtting  out  and  testing  of  rope-lengths; 
and,  if  such  tests  show  a  reduction  of  more  than  30  per  cent,  of  the  breaking- 
load,  the  rope  is  to  be  condemned.  Wire-ropes  may  not  be  used  for  a  greater 
load  than  a  sixth,  and  those  of  Manila  fibre  for  more  than  a  fourth  of  their 
resistance.  If  the  above  tests  be  not  applied,  the  loads  must  be  reduced 
by  an  eighth  and  a  sixth  respectively,  and  the  rope  used  for  only  two  years. 

Working-places. — In  case  of  danger  the  overman  or  senior  hand  must 
shut  off  entrance  to  the  place  and  warn  the  officials;  and  men  may  not  leave 
work  before  providing  for  the  safety  of  their  place,  which  must  be  visited  by 
the  overman  at  least  once  in  a  shift.  A  man  must  not  be  put  to  work  alone  in 
a  pit  where  he  cannot  be  promptly  rescued;  and  men  may  not,  without  permis- 
sion, traverse  roads  other  than  those  leading  to  their  work.  The  packing  of 
workings  in  coal  must  follow  up  the  face  as  closely  as  possible  and  permit  of 
good  ventilation,  while  abandoned  workings  must  be  gobbed  whenever  neces- 
sary. Gob  materials  must  be  incombustible  except  that,  with  water-borne 
stowage,  washing  and  screening  refuse  may  be  used.  Injunctions  are  added 
to  practice  advance  boring  when  Hearing  old  workings  where  water  may  be 
feared,  to  use  safety-lamps  if  gas  should  threaten,  and  to  take  measures  for 
affording  protection  from  dust  in  mechanical  rock-drilling;  while,  except  in 
cases  of  necessity,  working  is  forbidden  in  temperatures  over  95°  Fahr.  (35° 
Cent.)  by  dry,  or  86°  Fahr.  (30°  Cent.)  by  wet  thermometer. 

Ventilation. — All  the  underground  workings  must  be  traversed  by  a 
regular  air-current,  sufficient  for  ensuring  their  ventilation  while  avoiding 
excessive  temperature  and  danger  from  noxious  fumes  or  gases  are  avoided ; 
and  without  the  Inspector's  permission  its  speed  must  not  exceed  26  feet  (8 
metres)  per  second,  except  in  the  shafts,  cross-cuts,  and  main  return  air-ways 
not  regularly  used  for  haulage  or  travelling.  All  the  parts  of  shafts  and  air- 
ways through  which  the  current  passes  must  be  well  and  constantly  kept  up, 
and  be  easily  accessible.  Ventilation-furnaces  are  forbidden,  as  also  are  air- 
compartmentsj  except  in  the  preparatory  period,  while  a  current  obtained 
mechanically  should  have  the  same  direction  as  natural  ventilation.  The 
workings  should  be  so  laid  out  as  to  reduce  the  number  of  air-doors,  concern- 
ing which,  however,  minute  instructions  are  given;  and  a  complete  ventilation 
plan  is  to  be  kept  regularly  up  to  date. 

Mines  subject  to  gas,  which  are  classed  as  "slightly"  or  "decidedly" 
fiery,  must  be  worked  by  stages  in  the  downward  direction,  being  divided  into 
(list  rids  with  only  (as  regards  ventilation,  which  must  be  ascending)  the 
ret  uiii  air-ways  and  upcast  shaft  in  common.  Each  "slightly"  fiery  mine 
must  have  at  least  one  fan;  and,  if  those  classed  as  "decidedly"  so  are  not 
each  provided  with  two  fans  and  their  motors,  they  must  have  an  emergency 
tan  capable  of  continuing  the  ventilation  while  the  men  make  their  escape. 
Excepl  for  rescue-work  or  with  clanger  imminent,  men  may  not  remain  in 
places  where  there  is  more  than  10  per  cent,  of  fire-damp;  and  immediate  steps 
must  lie  taken  to  ventilate  a  dangerous  place.  The  return  air  in  first  or 
forward  workings  must  not  contain  more  than  1^  per  cent,  of  gas,  and  all 
Others  not  more  than  1  per  cent.,  the  content  being  taken  and  booked  weekly 
tor  slightly,  and  daily  for  decidedly,  fiery  mines. 

Lighting.  As  a  rule  safety-lamps,  approved  by  the  Public  Works  Depart- 
ment, arc  de  rigeur  in  dusty  and  fiery  mines,  except  in  downcast  shafts  and 
their  landings,  where  lamps  with  protected  flame  may  be  used.  Benzine  lamps 
must  be  filled  so  as  not  to  drip;  and  means  are  to  be  provided  for  at  any  time 
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ascertaining  the  aame  of  the  workman  to  whom  each  lamp  has  been  given  out, 
and  its  number.  Special  precautions  are  enjoined  as  to  the  storage  of  benzine; 
and  old  re-lighter  bands  are  to  be  thrown  into  water. 

Explosives. — The  new  regulations  deal  with  the  charging,  tamping, 
priming,  and  firing  of  shots,  only  the  new  detonating  cord  (cordeau 
ditonnante)  with  safety-fuse  being  permitted  when  electric  firing  is  not 
adopted.  Tamping,  free  from  coal-dust  (and  the  hole  cleared  therefrom) 
must  be  not  less  than  8  inches  (20  centimetres)  high  (or  thick)  for  the  first 
3i  ounces  (100  grams)  of  explosive  and  2  inches  (5  centimetres)  in  addition 
for  each  successive  weight-increment  of  the  same  amount.  Different  kinds  of 
explosives  may  not  be  kept  together;  and  detonators  must  be  kept  in  their 
cases,  or  in  a  strong  box,  apart  from  explosives.  J.  W.  P. 


Austrian  Employers'  Contribution  in  the  Proposed  Legislation  for 
Miners'  Insurance. — By  1{.  Marschner.  (Esterr.  Zeitschr.  f.  Bery-  u. 
Huttenwes.,  1913,  vol.  lxi.,  pages  309-314. 

New  legislation  has  lately  been  under  consideration  in  Austria  for 
insuring  all  the  miners  of  the  country  under  a  separate  Act,  on  account 
of  the  special  risks  to  which  the  mining  industry  is  expmsed.  This  will 
involve  a  great  increase  in  the  number  of  insured  persons,  and  augmented 
work  to  the  insurance  societies,  who  estimate  that  they  may  have  as  many 
as  170,000  new  members.  It  is  proposed  to  amalgamate  the  societies  into  one 
single  union  for  all  the  mine-workers  in  Bohemia,  and  the  writer  collects 
data  to  determine  approximately  what  should  be  the  employers'  contribution. 
In  Austria  this  contribution  is  levied  by  the  society  upon  the  employers,  the 
State  merely  making-  insurance  compulsory,  but  not  taking  any  part  in 
collecting  the  funds.  Since  this  new  tax  would  form  part  of  the  costs  of 
administration  of  a  mine,  it  is  important  for  the  employers  to  know  its 
probable  amount,  what  part  can  be  passed  on  to  the  consumer,  and  what  part 
will  affect  the  miners'  wage. 

The  calculations  are  based  on  average  percentages.  After  taking  the 
wages  and  running  costs  of  a  mine  for  half  a  year,  multiplying  them  by  the 
insurance  payment  for  each  miner,  and  dividing  by  100,  the  result  shows  the 
amount  that  the  insurance  society  should  demand  of  the  employer.  The  risks 
are  estimated  as  follows: — The  class  of  work  in  which  the  greatest  number 
of  accidents  occur  is  fixed  at  100,  the  remaining  classes  of  work  are  divided 
into  twelve,  and  calculated  as  percentages  of  100,  according  to  the  degree  of 
risk  involved.  These  twelve  degrees  are  determined  from  former  official 
mining  reports,  and  are  classified  according  to  the  kind  of  mineral  wrought, 
as  bituminous  or  brown  coal,  iron-ore,  rock-salt,  etc.,  and  the  kind  of  work 
done — iron-smelting  and  casting,  salt-boiling,  etc.  The  average  number  of 
days  during  which  a  workman  is  incapacitated  by  an  accident  is  another 
point  to  be  determined,  as  well  as  the  overlapping  of  sick  and  accident  funds, 
which  should  as  far  as  possible  be  avoided.  Fewer  accidents  are  shown  to 
occur  in  the  actual  working  of  mines  than  fires,  falling-in  of  the  roof,  etc. 
This  is  attributed  to  the  great  care  exercised  in  the  work,  in  which  only 
skilled  workmen  are  employed.  E.  M.  D. 
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Mining:    in     Prussia     in     1912. — [OFFICIAL.]        Zeitschr.     f.     Berg-,     Iliilt.-    U. 

Salinenwes.,  1013,  vol.  l.\i..  pages  403-443. 

The  total  production  of  the  Prussian  mines  in  1 0 1 L'  was  about  243,000,000 
tons,  worth  £103,000,000.     This  included,  amongst  other  material — 

Tuns.  Value. 

Coal      162,700,000         ±84,400,000 

Lignite  64,750,000         6,393,000 

Iron-ore  5,155,000         2.358,500 

This  represents  an  increase  over  the  previous  year  of  about  16  million 
tons  of  coal  as  against  the  foregoing  increase  of  only  7$  millions,  or  of 
10-59  per  cent,  as  against  5-25. 

The  coal-winning  for  1012  is  divided  over  the  different  districts,  as 
follows  : — ■ 

German 
Tons, 

Breslau                47,445,170 

Halle        10,218 

Clausthal 720,044 

Dortmund           100,258,413 

Bonn         18,916,442 


Total        167,350,287 

Equal  to  about   165 ,0(MI,00<>  English  tons. 

A.  E.  L. 


Russia's    Mining    Industry    in    1911. — By   --   Baktels.      Zeitschr.   j.    Berg-, 
Iliilt.-  a.  Salinenwes.,  1913,  vol.  lxi.,  pages  443-451. 
Amongst  others  of  less  account,  the  author  gives  the  following  weights  of 
products  of  the  Russian  industries  in  1911  in  poods  of  361  pounds:  — 

1911. 

Poods. 

Lead-zinc  ores  containing  silver               ...         ...  7,314,503 

Copper-ore          57,290,890 

Cupper                 1,594,087 

Manganese-ore             43,122,503 

Iron-ore               428.701,002 

Cast-iron            219,113,278 

Ordinary  iron  and  steel       ...         ...          ..         ...  176,245,287 

Coal         1,734,689,649 

Petroleum         558,748,855 

Sail          122,940,380 

A.R.L. 


Russia's    Copper    Industry    in    1912.     By  Bartei.s.       Zeitschr.   f.    Berg-, 

Hiitl-  ii.  Salinenwes.,  1913,  vol.  lxi.,  pages  451-456. 

The    Russian    copper   industry,   which   is   enjoying   its   full   share  of  the 

present   period  of  prosperity,  had  within  the  last  two  or  three  years  already 

been    making  rapid  progress,  partly  on  account  of  extensions  of  the  railways 
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into  the  mining  districts.  The  yield  of  copper  has  hitherto  been  absorbed 
in  Russia  itself,  but  it  bids  fair  soon  to  exceed  the  home  demand,  and  may 
be  expected  to  rank  as  an  article  of  export  at  an  early  day.  The  world's 
production  of  copper  in  1912  was  1,000,000  tons.  In  America,  which  princi- 
pally supplies  European  wants,  the  product  inn  has  in  recent  years  remained 
at  about  500.011(1  tons,  the  previous  rapid  yearly  increases  having  ceased  with 
tlie  exhaustion  of  the  richer  lodes.  Russia's  production  alone  is  .steadily 
increasing.  In  1912.  this  country  produced  about  32,000  tons,  and  probably 
used  somewhat  more  than  40,000  tuns.  There  are  now  three  principal  copper 
districts,  namely,  those  of  the  Urals,  the  Caucasus,  and  the  Kirghiz  Steppe. 
The  most  promising  of  these  is  the  last-named,  which  has  not  been  much 
explored.  With  improved  communications  it  is  expected  to  rise  in  import- 
ance. The  year  1912  is  regarded  as  the  turning-point  in  the  Russian  copper 
industry.  With  better  methods  of  work  and  improved  machinery,  it  is 
considered  certain  that  the  industry  will  rapidly  rise  in  importance,  since 
it  has  within  it  all  the  elements  necessary  to  success.  A.  R.  L. 


New      Developments      in     the      American      Petroleum      Industry. — By      B. 

Simmersbach.     Zeitschr.  f.  Berg-,  Hiitt.-  u.  Salinenwcs.,  1913,  vol.  lxi., 
pages  364-375. 

In  the  course  of  a  general  review  of  the  oil-fields  of  the  earth,  the  author 
shows  that  the  United  States  of  America  now  supply  G3  per  cent,  of  the  whole 
production,  Russia  coming  second  with  about  19  per  cent.;  following  thes" 
come  Mexico  with  4-5  per  cent.,  the  Dutch  East  Indies  with  3|  per  cent., 
Rumania  with  383  per  cent.,  Galicia  with  2J  per  cent.,  British  India  with 
1*91  per  cent.,  and  Japan  with  0-53  per  cent.  The  American  petroleum  dis- 
tricts vary  greatly  in  the  character  of  the  oil  produced  by  them,  and  the 
centre  of  gravity  has  gradually  shifted  from  the  Eastern  States,  where  oil 
was  first  discovered,  more  towards  the  south  and  west.  The  six  principal 
centres  are  :  (1)  the  original  Appalachian  field  in  New  York,  Pennsylvania, 
East  and  South  Ohio,  West  Virginia,  Tennessee,  and  Kentucky,  producing 
principally  petroleum  for  lighting;  (2)  the  Lima,  Indiana,  Illinois  field; 
(3)  the  Mid-Continent  field  in  Missouri,  Kansas,  and  Oklahoma;  (4)  the  Gulf 
field  in  Texas  and  Louisiana;  (5)  the  Californian  field,  now  producing  the 
the  most  oil;  and  (6)  a  separate  Illinois  field.  The  yield  rose  from  100,461,337 
barrels  in  1903  to  about  220,000,000  barrels  in  1912.  The  Associated  Oil 
Company  is  stated  to  count  the  value  of  1  ton  of  Welsh  anthracite  coal 
equal  to  that  of  5  barrels  of  oil;  1  ton  of  Australian  coal  equal  to  that  of  4 
ban  els  of  oil;  1  ton  of  Washington  or  British  Columbian  coal  equal  to  that 
of  2  to  3£  barrels  of  oil. 

The  rapidly-increasing  application  of  the  Diesel  motor  on  railways  is 
expected  to  absorb  large  quantities  of  the  oil  won.  The  oil-wells  are  soon 
exhausted,  and  a  continual  search,  for  fresh  ones  becomes  necessary;  this 
accounts  for  the  constant  shifting  of  the  winnings.  The  capital  of  the 
Standard  Oil  Company  is  stated  to  be  about  £'63,700,000  (310  million  dollars) 
-that  of  other  undertakings  perhaps  £24,700,000  (120  million  dollars).  The 
heating  value  of  the  petroleum  now  won  in  the  world  is  said  to  be  about 
5  per  cent,  of  that  of  the  coal  mined.  The  prices  per  barrel  of  crude  oil  at 
the  wells  range  from  5s.  6d.  (1-321  dollars)  in  the  New  York  field  down  to 
about  Is.  Hid.  (0-472  dollar)  in  Oklahoma,  A.  R.  L. 
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Abstract  of  U.S.A.  Current  Decisions  on  Mines  and  Mining-,  October, 
1912,  to  March,  1913.— By  J.  W.  Thompson.  Bur.  Mines,  1913, 
Bulletin  No.  61,  pages  1-80. 

This  Bulletin  differs  somewhat  from  other  published  reports  of  the  Bureau 
of  Mines,  which  relate  chiefly  to  the  Bureau's  researches  into  the  methods 
of  increasing  health,  safety,  economy,  and  efficiency  in  the  mining,  quarrying, 
metallurgical,  and  miscellaneous  mineral  industries  of  the  country.  It  is 
devoted  exclusively  to  a  review  and  abstracts  of  decisions  based  on  the  laws 
governing  the  rights  and  duties  of  mine-owners,  operators,  miners,  and 
persons  trafficking  in  all  kinds  of  mining  properties;  and  includes  abstracts 
of  current  decisions  of  all  the  Federal  and  State  courts  of  last  resort  on 
questions  relating  to  the  mining  industries. 

The  Bureau  proposes  to  issue  similar  Bulletins  with  sufficient  frequency  to 
keep  the  report  of  the  courts  mentioned  reasonably  current.  There  is  no 
present  medium  known  to  the  Bureau  by  which  this  information  is  conveyed 
immediately  to  miners,  mine-owners,  or  other  persons  interested  in  mining 
and  mining  industries.  The  interest  manifested  in  this  Bulletin  by  the 
persons  for  whom  it  is  intended  will  be  taken  as  a  basis  for  determining 
whether  the  subsequent  publication  of  similar  Bulletins  is  warranted.  The 
issue  of  such  Bulletins  will  accordingly  depend  on  the  number  of  individual 
requests  received  for  this  one,  and  on  the  opinion  as  to  its  value  expressed  by 
those  who  receive  it. 

The  decisions  relate  to  (1)  minerals  and  mineral  lands  :  (o)  sale  and 
conveyance,     and     (b)     surface     and     minerals — ownership     and     severance; 

(2)  mining  claims  :  (a)  location  and  effect,  (b)  assessment  work,  (c)  abandon- 
ment and  relocation,    (d)  adverse  claims,    (e)  liens,   and   (/)  coal  locations; 

(3)  mines  and  mining  operations  :  (a)  duties  and  liabilities  of  operator, 
(b)  rights  and  duties  of  miner,  (c)  contracts  relating  to  operations, 
(d)  methods  of  operating — rights  and  liabilities,  (e)  statutory  regulations — 
effect  and  non-observance,  (/)  negligence  of  operator — liability,  and  (g)  con- 
tributory negligence  of  miner;  (4)  assumption  of  risk  by  miner:  (a)  risks 
assumed,  (b)  risks  not  assumed,  and  (c)  promise  of  operator  to  repair — effect; 
(5)  mining  leases  :  (a)  leases  generally — construction,  (b)  coal,  oil,  and  gas 
leases,    and     (c)    phosphate    lands;     (6)    mining    properties:     (a)    taxation, 

(b)  inspection,  and  (c)  trespass;  (7)  damages  for  injuries  to  miners: 
(a)  elements   of    damages,    (b)   permanent   injuries — life   tables   as   evidence, 

(c)  excessive  damages,  and  (it)  damages  not  excessive.  A.  P.  A.  S. 


Mining  Industry  of  Japan. — By  Keijiro  Nishio.     Trans.  Amer.  Inst.  Min. 
Eng.,  1912,  vol.  xliii.,  pages  54-98. 

The  author  gives  an  historical  account  of  the  mining  industry  of  Japan 
(1)  before  the  Restoration,  and  (2)  after  the  Restoration.  The  first  section  is 
subdivided  into  three  periods  :  (a)  from  remote  antiquity  to  a.d.  1000, 
(b)  from  a.d.  1001  to  1582,  and  (c)  from  a.d.  1583  to  1866.  The  second  division 
embraces  the  period  from  1867  to  1908,  and  the  author  acknowledges  the  great 
assistance  thai  Japan  has  received  from  foreign  mining  engineers,  and  gives 
details  of  the  various  developments  in  mining  operations.  To  summarize  the 
paper,  it  may  be  said  that  the  mining  industi-y  before  the  Restoration  was 
insignificant,  the  mineral  products  of  the  Empire  in  1874  being  valued  at  only 
£154,690.  In  1908,  the  value  of  the  output  had  increased  to  £11,638,667.  The 
principal  causes  of  this  great   prosperity  are  found  in  the  introduction  of  the 
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modern  civilization  of  Europe  and  America,  and  in  the  revival  of  the  industrial 
genius  of  the  early  Japanese;  the  establishment  of  typical  mining  works  by  the 
Government,  and  the  introduction  of  foreign  technical  knowledge;  the  handing 
over  of  the  Government  mines  to  private  operation;  the  publication  of  mining 
law-  to  meet  the  development  of  t he  mining  industry;  and  the  application  of 
electricity  generated  by  water-power  as  a  motive  power  in  mining  operations. 

A.  P.  A.  S. 


Mineral  Production  of  India  during  1911  and  1912. — By  H.  H.  Hayden. 
Bcr.  Oral.  Suit.  India,  1912,  vol.  xlii..  pages  133-207;  and  1913,  vol. 
xliii.,  pages  77-137. 

The  following  table  has  been  compiled  from  the  statistics  contained  in 
thoe  reports,  and  shows  the  quantities  and  values  of  the  more  important 
minerals   produced  during  the  years  1911  and  1912:  — 


1911. 

1915 

. 

Increase  or 

Decrease 

Mineral. 

in  value 

Quantity. 

Value. 

Quantity. 

Value. 

over  1911. 

£ 

£ 

Per  cent. 

Alum,  in  cwts. 

6,479 

2,819 

5,546 

2,627 

-     6-8 

Amber,  in  cwts. 

14 

133 

27 

179 

+   34-6 

Bauxite,  in  tons 

12 

5 

950 

516 



Building  materials,  etc. 



246,446 



270,980 

+    10-0 

Chromite,  in  tons 

3,804 

5,072 

2,890 

3,849 

-   241 

Clay,  in  tons   ... 

1,168,858 

66,207 

1,009,240 

66,187 



Coal,  in  tons   ... 

12,715,534 

2,502,616 

14,750,000 

2,310,365 

+   32-3 

Copper-ore,  in  tons    ... 

2,238 

3,404 

9,619 

13,709 

+  302-7 

Corundum,  in  cwts.  ... 

3,676 

1,725 

8,707 

1,295 

-   24-9 

Diamonds,  in  carats  ... 

52-96 

478 

27-74 

411 

-    140 

Garnet,  in  cwts. 

254i 

2,126 

192 

1,176 

-   44-7 

Gold,  in  ounces 

583,567 

2,238,143 

590,554 

2,271,806 

+     1-5 

(iraphite,  in  tons 

4,047 

9,425 



Nil. 



Gypsum,  in  tons 

9,193 

2,308 

21,033 

1,032 

-   55-3 

Iron-ore,  in  tons 

366,212 

34,496 

580,029 

47,044 

+   36-4 

*Jadeite,  in  cwts. 

2,063 

41,660 

806 

10,800 

-   74-1 

Lead  &  lead-ore,  in  tons 

35  361 

181,989 

25,576 

153,069 

-    15-9 

Magnesite,  in  tons     .. 

3,490 

1,047 

15.379 

4,614 

+  340-7 

'Manganese-ore,  in  tons 

670,290 

648,801 

637,444 

884,404 

+    36-3 

Mica,  in  cwts. 

33,896 

188,642 

43,834 

284,290 

+   50-7 

Monazite,  in  tons 

832 

24,044 

1,135 

41,419 

+   72-4 

Ochre,  in  tons... 

311 

34 

1,719 

161 

+  374-0 

Petroleum,  in  gallons 

225,792,094 

884,398 

249,000,000 

975,278 

+   10-3 

Platinum,  in  ounces  ... 

37-73 

244 

56  6 

386 

+   58-2 

Ruby,    sapphire,    and 

288,213 

67,594 

323,245 

69,547 

+     2-9 

spinel,  in  carats 

+Salt  &  rock-salt,  in  tons 

1,325,882 

469,235 

1,454,602 

509,824 

+     8-6 

Saltpetre,  in  cwts. 

14,679 

220,268 

14,797 

217,035 

-      1-5 

Samarskite,  in  cwts.  ... 

24 

89 

29 

81 

-     90 

Silver    ... 



11,575 



11,829 

+     2-2 

Steatite,  in  cwts. 

12,330 

1,225 

15,746 

1,429 

+    16-6 

Tin  and  tin-ore, in  cwts. 

3,707 

24,931 

7,507 

50,944 

+  104-3 

Tungsten-ore,  in  tons. 

1,308 

99,989 

1,671 

115,200 

+    15-2 

*  Export  values 


A.P.A.  S. 

t  Value  f.o.b.  at  Indian  ports.       +  Value  without  duty. 


VOT..  M1V 1918-1914. 
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APPENDIX. 


NOTES  OF  PAPEES  ON  THE  WORKING  OF  MINES,  METALLURGY. 
ETC..  FROM  THE  TRANSACTIONS  OF  COLONIAL  AND  FOREIGN 
SOCIETIES  AND  COLONIAL  AND  FOREIGN   PUBLICATIONS. 


The   following   contractions   are    used    in   the   titles   of   the    publications 
abstracted  :  — 

Bull.  Univ.  Illinois.     Bulletin  of  the  University  of  Illinois,  Urbana,  Illinois, 

U.S.A. 
Bur.  Mines.    Bureau  of  Mines,  Washington,  U.S.A. 
Geolog.  Surv.  Canada.     Geological  Survey  of  Canada  (Department  of  Mines), 

Ottawa,  Canada. 
Gluckauf,  Berg-  u.  Hiltten.  Zeitschr.     Gliiekauf,  Berg-  und  huttenmanuisches 

Zeitschrift,  Essen-Ruhr. 
CEsterr.   Zeitschr.  f.   Berg-  u.   Huttenwes.        (Esterreichische   Zeitschrift  fiir 

Berg-  und  Hiittenwesen,  Vienna. 
Rev.  Univ.  Min.    Revue  Universelle  des  Mines,  de  la  Metallurgie,  etc.,  Paris. 
Zeitschr.  f.  Berg-,  Hiitt.-  u.  Salinenwes.     Zeitschrift  fiir  das  Berg-,  Hiitten- 

und  Salineuwesen  im  preussischen  Staate,  Berlin. 


GEOLOGY.    MINERAL   DEPOSITS,   ETC. 
Surface-alteration  of  Metalliferous  Deposits. — By  Fernaxd  Peters.     Rev. 
Univ.  Min.,  1912,  series  4,  vol.  xxxix.,  pages  279-297. 

This  paper  is  confined  to  the  secondary  formations  found  in  direct  contact 
with  outcrops  or  in  the  main  deposits.  With  but  few  exceptions,  which  are 
pointed  out,  important  metalliferous  deposits  are  characterized  on  the  surface 
by  an  oxidized  cap  of  spongy  texture,  due  to  the  passing-away  of  the  soluble 
minerals.  In  the  case  of  sulphates,  the  acid  waters  resulting  from  their 
surface-alteration  have  corroded,  not  only  the  deposit  itself,  but  also  the 
enclosing  rocks.  The  consequence  is  that  on  the  surface  the  deposits  are 
denoted  by  rock,  sand,  or  earth  debris,  containing  minerals  more  or  less  altered 
and  transformed,  which  permit,  by  the  aid  of  explorations  at  slight  depth, 
of  determining  the  nature  and  relative  richness  of  the  underlying  minerals. 

The  physical  alterations,  which  consist  of  erosions  or  disaggregations 
caused  by  the  wind,  by  trickling  water,  variations  of  temperature,  etc.,  are 
generally  preceded  by  chemical  alterations  clue  to  oxidation  by  the  air  and 
surface-waters,  which  transform  the  sulphites  into  sulphates;  and  the  water 
dissolves  the  minerals  in  proportion  to  their  solubility,  so  much  the  more 
easily  as  they  contain  certain  principles  in  solution.  They  penetrate  into  the 
fissures,  and  become  increasingly  charged  with  metallic  salts,  which  may 
be  again  precipitated  at  a  lower  level  in  the  "zone  of  cementation." 

Pyrites  are  readily  attacked  by  the  water  and  oxygen,  producing  iron 
monosulphate   and   sulphuric    acid,    which    latter   reacts    immediately   on   the 
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former  to  produce  ferrous  sulphate  and  sulphuretted  hydrogen.  This  sub- 
stance, with  the  oxygen  of  the  atmosphere,  attacks  a  fresh  portion  of  pyrites, 
to  form  sulphate  of  iron  and  free  sulphur,  the  final  products  being  ferrous 
sulphate  and  sulphuric  acid.  The  ferruginous  solutions  are  rapidly  oxygenated 
in  the  atmosphere;  and  most  of  the  iron  is  precipitated  near  the  outcrops, 
giving  them  a  characteristic  red  tint  called  "red-cap." 

The  author  describes  the  alterations  of  cupriferous  deposits,  of  a  "grey- 
oopper  "  lode,  of  lead-  and  zinc-ores,  and  of  auriferous  deposits.  As  to  the 
latter,  he  observes  that  the  sulphites  have  been  decomposed  and  drawn  along 
in  solution,  while  the  gold,  set  free,  is  found  in  a  native  state  in  the  voids 
left  by  the  sulphites.  The  iron  of  these  sulphites  is  partly  precipitated  in  a 
state  of  oxide  in  the  cap  of  the  lode,  while  the  auriferous  quartz  is  almost 
always  carious  and  red-coloured.  The  caries,  which  contain  native  gold,  are 
generally  lined,  and  even  sometimes  filled,  with  limonite. 

The  gold,  however,  that  was  combined  with  the  decomposed  sulphates  has 
not  remained  entirely  in  sitH  in  the  iron  cap.  Part  of  it  has  been  dissolved 
during  the  decomposition  of  the  ores;  and  the  auriferous  solution  has  pene- 
trated, at  a  lower  level,  into  the  fissures  of  the  lode,  where  it  has  been  able 
again  to  precipitate  gold.  Naturally,  owing  to  its  very  relative  solubility, 
the  greater  part  of  the  gold  set  free  during  the  decomposition  of  the  sulphates 
remained  lodged  in  the  cavities  of  the  rock  containing  the  sulphates,  and 
could  afterwards  be  concentrated  in  the  alluvia  covering  the  deposits,  or  be 
carried  away  by  water  with  the  sands  and  clays,  to  become  concentrated  in 
the  auriferous  alluvia.  J.  W.  P. 


Metalliferous  Alluvia. — By  F.  Eigatjd.    Bev.  Univ.  Min.,  1912,  series  4.  vol. 
xxxviii.,  pages  150-202. 

From  a  geological  point  of  view  an  alluvium  is  a  deposit  of  matters  hurried 
along  by  running  water ;  but  from  a  technical  and  industrial  standpoint  this 
term  can  only  be  applied  to  superficial  and  tolerably  shifting  deposits  present- 
ing the  industrial  characteristics  of  alluvia,  namely,  the  insulation  of  minerals 
that  are  scarcely  attackable  by  atmospheric  agents,  with  the  disappearance 
of  mineralogical  species  that  are  soluble  and  oxidizable  in  their  cold  vehicles. 

The  precise  limits  between  what  is  industrially  alluvium  and  what  is  mine 
are  not  easily  defined :  for  instance,  deposits  of  auriferous  gravel,  like  those 
of  California,  may  either  be  worked  opencast,  or  got  by  underground  workings 
without  touching  the  cover. 

Alluvia  cannot  be  expected  to  contain  elements  other  than  those  that 
are  only  oxidized  and  pulverized  with  difficulty,  such  minerals  being :  gold 
slightly  argentiferous,  platinum  and  its  connexes,  cassiterite,  titanic  and 
magnetic  iron-ores,  with  certain  felspars  containing  rare  earths,  while  several 
precious  stones  are  preserved  without  alteration. 

For  the  industrial  estimation  of  alluvia,  when  the  deposit  is  at  all  thick 
its  value  should,  in  almost  all  cases  be  investigated  by  means  of  stopes 
((ranches),  which  is  tolerably  easy  when  the  local  conditions  permit  of  opening 
a  trench  (trancMe),  dry,  over  the  whole  depth  of  the  mass  down  to  the  bed-rock. 

In  the  most  complex  case,  that  of  a  deposit  containing  precious  stones, 
magnetic  and  titanic  iron,  monazite,  cassiterite,  heavy  minerals  of  the 
platinum  series,  and  finally  gold,  a  quantity  should  be  prepared  representing 
an  approximate  mean  of  the  zone  to  be  studied ;  and  a  sufficient  number  of 
samples,    each    weighing    a    few    pounds,    must    be    taken    to   permit    of    five 
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laboratory  tests  (described)  and  also  the  definite  analysis  being  made.  The 
principles  and  cost  are  given  of  the  different  operations  which,  though 
apparently  complicated,  are  not  so  in  reality. 

Owing  to  its  moderate  cost,  the  hydraulic  method  of  getting  is  the  miner's 
natural  desideratum  ;  but,  in  order  that  it  may  be  fully  applicable,  several 
circumstances  (detailed,  with  examples)  must  be  united.  The  work  of  dredging 
(with  rock-removal  if  necessary)  is  described  under  three  hypotheses.  The 
dredger  has  on  board  a  simple  washing  apparatus;  but  this  is  often  too 
summary  to  be  effective,  if  the  preliminary  tests  recommended  have  not  been 
made. 

The  author  concludes  that  in  many  cases  the  treatment  of  a  ton  of  ore, 
as  taken  from  the  deposit,  may  be  reckoned  to  cost  2|d.  (25  centimes)  for 
dredging,  Id.  (10  centimes)  for  simple  washing  in  the  sluice,  and  2^d.  (25 
centimes)  for  amalgamation  with  the  washing  trough  (jaatouillet) ,  or  double 
that  sum  with  the  tube-mill,  provided,  however,  that  there  be  no  exceptional 
difficulties,  much  depending  on  the  active  prosecution  of  the  undertaking. 

J.  W.  P. 


Geodetic  Study  of  the  Tectonic  Movements  in  the  Pribram  Ore-deposits. 

— By    F.    Kcehlek.      CEsterr.    Zeitschr.    f.    Berg-  u.    Huttenwes.,    1913, 
vol.  lxi.,  pages  211-259. 

The  writer  records  the  results  of  various  determinations,  showing  the 
changes  of  level  in  the  ore-deposits  at  Birkenberg,  near  Pribram.  The 
heights  of  five  different  shafts  in  these  mines  had  been  taken  in  1886.  When, 
in  the  course  of  study  at  the  Mining  School,  it  was  found,  on  making  fresh 
determinations  in  1908,  that  there  was  a  considerable  difference  in  the 
figures  given,  the  writer  decided  to  check  them  by  careful  sefiarate  measure- 
ments, in  order  to  know  whether  the  variations  were  the  result  of  errors,  or 
of  movements  of  the  earth.  The  instruments  used  included  a  plane-table, 
levelling-staff,  and  a  standard  measuring-rod.  The  determinations  were  made 
with  the  utmost  care,  and  were  repeated  in  the  following  year. 

One  shaft  was  taken  as  the  base,  and  the  position  of  the  other  four 
worked  out  from  it.  The  level  in  two  of  them  had  in  the  course  of  the 
twenty-two  years  (1886-1908)  varied  only  within  permissible  limits  of  error; 
the  level  of  the  other  two  had  risen  by  as  much  as  85i  and  203  feet  respect- 
ively. These  changes  having  been  verified,  the  next  point  was  to  determine 
whether  they  were  due  to  temporary  disturbances  of  the  ground,  to  an 
earthquake,  or  to  permanent  modifications  of  the  earth's  structure.  The 
coalfields  of  Birkenberg  are  situated  on  the  south-western  slope  of  a  fold 
or  depression.  One  end  of  this  depression  rests  on  clay-slate,  the  other  end 
terminates  in  a  fault  or  dislocation  of  the  strata.  The  three  shafts  where 
no  change  had  taken  place  had  been  sunk  in  the  solid  rock.  The  two  shafts 
which  showed  a  change  of  level  were  near  the  fault.  One  of  them  was 
partly  worked  out,  and  in  the  other  some  difficulty  from  rock-pressure  had 
been  experienced.  The  writer  explains  the  cause  of  the  trouble  in  the 
following  way: — The  rocks  in  the  neighbourhood  of  the  fault  tend  to  move 
towards  the  middle  of  the  depression,  and  force  up  the  small  rocks  sur- 
rounding the  two  shafts,  a  process  which  is  assisted  by  the  strong  tangential 
pressure  of  the  earth.  As  the  interior  rocks  move  in  the  direction  described, 
they  force  up  the  ground  at  the  surface,  the  level  of  which  is  thus  raised. 

E.  M.  D. 
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Brown-coal  Fields  of  Southern  Bohemia. — By  0.  Novak.  CEsterr.  Zeitschr. 
f.  Berg-  a.  Huttenwes.,  1913,  vol.  lxi.,  pages  43-45. 
There  are  two  coalfields  in  this  province,  neither  of  which  has  been 
thoroughly  explored.  The  larger  is  not  so  rich  in  brown  coal  as  the  smaller, 
which  .stretches  south-westwards  from  the  town  of  Protivin.  In  this  area  no 
fossils  have  been  found  to  determine  the  age  of  the  formation,  but  it  undoubt- 
edly belongs  to  the  Tertiary  Period.  The  coal  is  in  isolated  seams,  some  of 
them  of  considerable  extent,  and  lies  in  widely-separated  depressions,  among 
hills  1,300  feet  above  sea-level.  The  formation  consists  of  loam,  clay,  and 
strata  of  brown  coal.  In  places  the  coal  attains  a  maximum  thickness  of 
320  feet,  but  the  main  seam  varies  from  10  to  30  feet.  It  is  thickest  in  the 
trough  of  the  depressions,  and  thins  out  at  the  edges.  Little  difficulty  is 
experienced  in  working  it,  as  the  roof  is  good,  being  of  non-porous  clay,  and 
there  are  no  quicksands.  Trunks  of  trees  showing  the  woody  structure  are 
often  found,  together  with  charred  wood,  and  the  seams  are  practically  pure 
lignite.  The  coal  contains  about  40  per  cent,  of  water,  43  per  cent,  of  com- 
bustible substance,  and  yields  32  per  cent,  of  coke.  It  has  a  heating  value 
of  4,192  British  thermal  units  per  pound  (2,329  gramme-calories).  As  it 
contains  a  small  percentage  of  bitumen,  it  is  suitable  when  dried  for  making 
briquettes,  but  is  too  friable  to  be  used  in  any  other  way  as  fuel.  In  the 
writer's  opinion,  however,  the  coalfields  are  well  worth  winning,  as  they  lie  at 
a  depth  of  only  10  to  16  feet,  and  can  mostly  be  worked  from  the  surface.  They 
cover  an  area  of  nearly  2  square  miles  (5  square  kilometres).  E.  M.  D. 


Notes  on  the  Mineral  Deposits  of  the  Anglo-Egyptian  Sudan. — 1'\ 
Stanley  C.  Dtjnn.  tSudan  Anglo-Egyptian  Geological  Survey,  Bulletin 
No.  1,  1911,  pages  1-70. 

The  area  of  the  Anglo-Egyptian  Sudan  is  2,171,400  square  miles  (5,624,000 
square  kilometres),  a  third  of  the  area  of  Europe  and  about  two-and-a-half 
times  the  area  of  Egypt.  It  can  be  stated  roughly  that  the  Nubian  Sandstone 
reaches  as  far  south  as  the  fourteenth  parallel  of  latitude.  Igneous  and 
metamorphic  rocks  cover  an  enormous  area  in  the  eastern  portion  between  the 
Nile  and  the  Red  Sea,  and  crop  out  among  the  sandstone  over  the  entire  extent 
of  its  deposit  in  this  country,  particularly  near  the  cataracts  of  the  Nile  and 
in  the  Butana,  east  of  Khartoum.  Gneisses  and  schists  apparently  form  the 
main  extent  of  the  surface  south  of  the  fourteenth  parallel  of  latitude.  In 
Central  Kordofan  schists  and  later  igneous  intrusions  form  hills,  isolated  or  in 
ranges,  covering  some  hundreds  of  square  miles,  and  rising  to  heights  of  over 
1,000  feet  above  the  general  level  of  the  plain.  In  the  Bahr-el-Ghazal  and 
Mongalla  provinces,  schists  and  gneisses  prevail. 

Coal. — Impure  lignite  of  rather  poor  quality  was  discovered  in  Dongola, 
very  near  the  surface  of  the  ground.  The  geology  of  the  district  does  not 
point  to  there  being  any  workable  deposits  here.  Coal  of  good  quality  is 
known  to  exist  at  several  places  in  Abyssinia,  the  nearest  site  to  the  Sudan 
frontier  being  Chelga,  north  of  Lake  Tsana,  near  Gallabat.  So  far  as  the 
geology  of  the  Sudan  is  known  with  certainty,  there  is  little  chance  of  finding 
large  deposits  of  this  important  material. 

Coppei . — The  most  famous  deposit  of  this  metal  in  the  Sudan  for  many 
years  is  the  copper-ore  of  Hofrat-el-Nahas.  The  mines  lie  about  a  mile  west 
of  the  River  Umbelasher,  tributary  of  the  Bahi'-el-Arab,  and  consist  of  a 
large  number  of  shallow  pits  covering  an  area  of  about  half  a  square  mile. 
In  places  the  ore  sticks  up  in  ridges  above  the  surface.     Natives,   probably 
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for  centuries*  have  worked  the  deposit,  and  copper  in  the  form  of  rings 
weighing  from  10  to  12  pounds,  or  in  small  ingots,  was  an  article  of  barter  in 
Darfur  and  Western  Kordofan.  According  to  Eussegger  the  copper  was 
found  in  the  native  state  in  small  granules;  otherwise  he  was  unable  to 
account  for  the  purity  of  the  metal,  since  the  crude  methods  of  native  smelting 
were,  in  his  opinion,  incapable  of  producing  it.  Samples  of  ore  recently 
collected  show  it  to  be  silicate  and  carbonate  of  poor  quality  generally,  but 
selected  specimens  brought  in  by  Colonel  Sparkes  in  1903  assayed  14  per  cent, 
of  pure  copper. 

Gold. — Every  known  deposit  of  the  precious  metal  is  described  in  the 
mining  prospector's  reports  attached  to  this  Bulletin.  Om  Nabardi  Mine  is 
now  the  only  place  in  the  Sudan  where  gold  is  being  produced  by  mining  and 
crushing  of  gold-bearing  quartz.  The  alluvial  deposits  of  the  Fazogli  district 
have  been  worked  continuously  for  many  centuries.  Of  the  estimated  £80,000 
value  of  gold-dust  exported  annually  from  Abyssinia,  besides  the  large  quan- 
tity used  in  the  country  for  ornaments,  the  placer-deposits  of  the  rivers  in 
the  Beni-Shangul,  Tumat,  and  Dabus  districts  are  said  to  produce  three- 
quarters  of  this  amount.  The  number  of  natives  annually  employed  on  the 
Tumat  is  estimated  at  about  2,000.  The  gold-washings  in  this  district  within 
Sudan  territory  are  not  likely  to  produce  more  than  200  ounces  of  gold-dust 
annually. 

Graphite. — Graphite  is  reported  to  exist  in  the  Bongo  River  district  of 
the  Bahr-el-Ghazal  Province ;  but  no  specimens  have  been  sent  in  for  verifica- 
tion. 

Gypsum  and  Alabaster. — Enormous  quantities  of  this  mineral  exist  upon 
the  Red  Sea  coast,  north  of  40  miles  from  Port  Sudan.  The  beds  in  which  the 
gypsum  occurs  form  hill-ranges  upon  the  coastal  plain,  and  the  large  island 
of  Makawa  is  composed  entirely  of  them.  Some  of  the  beds  of  gypsum  are 
30  feet  thick,  though  the  clearest,  whitest,  and  purest  varieties  are  not  found 
in  the  massive  beds,  but  in  smaller  ones  from  2  to  10  or  12  feet  thick.  Gypsum 
has  also  been  found  at  Jebel  Abiad,  about  100  miles  west  from  the  Nile  at 
Khandak. 

Iron. — The  iron-ore  dejjosits  of  the  Anglo-Egyptian  Sudan  may  be  classi- 
fied as  follows  :  — 

(1)  Solid  Deposits. — The  Tokar  district  has  yielded  samples  of  massive 
specular  iron-ore;  but  unfortunately  the  precise  locality  is  unknown.  Large 
masses  of  iron-ore  (iron  mountains)  are  known  to  exist  in  the  Bahr-el-Ghazal 
and  Upper  Nile  provinces,  but  no  information  can  be  traced  pointing  to  a 
recent  visit  and  description  of  these  places.  Among  the  Nubian  Sandstone 
Series  highly  ferruginous  beds  occur.  The  most  important  hitherto  found 
occurs  in  mi  Wadi-Halfa,  and  is  described  as  existing  in  the  form  of  lenticular 
deposits,  '2  to  5  miles  long,  and  generally  of  a  strongly  oolitic  nature. 
A  bed  of  highly  ferriferous  sandstone  is  reported  by  Dr.  Hume  as  underlying 
a  great  mass  of  intrusive  basalt  or  dolerite  in  Jebel  Alarambia  near  Kerma. 

(2)  Surface-deposits. — (a)  Ores  belonging  to  the  Humid  Equatorial 
Regions. — In  the  Bahr-el-Ghazal,  Mongalla,  and  Upper  Nile  provinces  the 
rock-.  ,nc  generally  covered  by  a  ferruginous  conglomerate  associated  with  a 
lateritic  formation.  The  rivers  and  streams  expose  it  admirably,  and  in 
places  between  Etumbek  and  Mvolo,  for  instance,  the  thickness  is  as  much  as 
50  feet  (15  metres).  In  the  Bahr-el-Ghazal  Province  alone  the  iron-ores  cover 
ai  area  of  about  31,000  square  miles  (80,000  square  kilometres),  and  though 
th«  thickness  varies  from  3  to  1G  feet  (1  to  5  metres),  it  may  be  much  more 
m  places. 
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(b)  Ores  belonging  to  the  Arid  Regions. — The  blackening  of  rocks  is  a 
peculiar  feature  of  the  conditions  obtaining  in  the  arid  regions  of 
Northern  Sudan.  It  appears  to  be  due  to  the  action  of  small  quantities  of 
moisture,  which  bring  the  iron  to  the  surface,  and  deposit  it  there  on  evapora- 
tion. In  areas  formed  of  Nubian  Sandstone  this  action  has  led  to  the  forma- 
tion of  a  crust  seldom  more  than  a  few  inches  thick;  but  it  is  found 
over  large  areas,  and  may  form  small  accumulations  of  nodules  and  fragments 
around  hills.  The  existence  of  this  peculiar  surface-action  renders  it  difficult 
to  distinguish  the  interstratified  ores  from  the  crust. 

In  the  south  and  west  of  the  Sudan  the  natives  have  for  many  years 
Bmelted  iron,  utilizing  charcoal  and  clay  furnaces  about  40  inches  (1  metre) 
high,  with  bellows  for  producing  a  draught.  The  iron  manufactured  is  soft, 
apparently  of  very  good  quality;  and  by  barter  natives  all  over  the  Sudan  are 
partly  sujjplied  with  it  in  the  form  of  weapons,  tools,  and  ornaments. 

Lead. — Lead,  according  to  the  authority  of  Naoum  Bey  Shoucair,  is  foiind 
in  Jebel  Kutum  or  Kutub,  north  of  Kobe,  in  Darfur,  but  it  is  reported  as 
difficult  to  obtain.  A  native  of  Darfur  states  that  the  deposit  is  now  being 
worked. 

Limestone  and  Marble. — Limestone  and  marble  occur  in  many  places,  the 
deposit  at  Shereikh  being  the  most  important  that  is  now  worked. 

Natron. — Natron  is  found  in  the  Wadi-Natrun.  The  purest  occurs  in 
a  seam  from  half-an-inch  to  2  inches  thick  just  below  the  surface  sand;  and 
the  best  working  is  about  2,400  yards  west  of  Jebel  Kashaf  in  this  Wadi. 

Salt. — In  the  arid  regions  many  of  the  desert  gravels  are  salt-bearing, 
and  particularly  in  the  Butana,  east  of  the  Blue  Nile  between  Rufaa  aud 
Khartoum,  the  natives  have  for  many  years  made  a  living  by  the  extraction 
of  salt  from  the  surface-gravels.  Anywhere,  however,  north  of  Khartoum 
salt  is  extracted  wherever  these  gravels  are  found.  The  most  important  local- 
ities where  salt  occurs  in  beds  of  considerable  size  are  the  Selima  Oasis  and 
the  lagoons  of  the  Red  Sea  shore.  At  Ras  Roweiya  a  British  company  made 
salt  for  many  years,  and  in  the  lagoon  which  they  used  there  is  now  awaiting, 
by  the  process  of  evaporation  during  several  years,  a  very  large  supply. 

A.  P.  A.  S. 


Oil    and    Gas    Prospects    of    the    North-West    Provinces    of    Canada. — By 

Wyatt  Malcolm.     Geolog.  Surv.  Canada,  Memoir  No.  29E,  pages  1-99. 

This  memoir  is  a  compilation  of  information  obtained  in  great  part  from 
the  reports  of  Canadian  geologists.  The  object  is  to  lay  before  the  public 
what  is  known  regarding  the  oil  and  gas  possibilities  of  the  north-western 
provinces  of  Canada.  To  this  end  it  was  thought  advisable  to  present  in  a 
concise  form  the  geological  conditions,  and  for  the  benefit  of  those  who 
are  interested  in  boring  operations  stress  is  laid  on  the  lithology  and  thickness 
of  the  different  geological  formations.  Logs  of  wells  of  different  localities 
are  also  given,  and  evidence  bearing  on  gas  and  oil-production  and  on  indus- 
trial possibilities  is  presented.  The  following  is  a  brief  summary  of  the 
memoir  and  the  conclusions  arrived  at  by  the  author  :  — 

The  plains  of  Western  Canada  are  underlain  by  a  great  body  of  sediments, 
nearly  horizontal,  and  resting  on  a  pre-Cambrinn  base.  The  eastern  contact 
between  the  pro-Cambrian  rocks  and  the  later  formations  runs  in  a  generally 
north-westerly  direction  from  Lake  Manitoba  past  Athabaska,  Great  Slave, 
and  Groat  Boar  Lakes.  In  the  eastern  part  of  the  plains  a  great  uncon- 
formity   exists    between    the    Palaeozoic    Systems,    consisting    of    limestones, 
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dolomites,  and  shales,  and  the  Cretaceous  System,  consisting  of  shales  and 
sandstones,  so  thai  the  Dakota  Sandstone  of  the  Cretaceous  System  is  found 
resting  directly  upon  limestones  of  the  Devonian  System.  The  Palaeozoic 
strata  are  exposed  by  faulting  in  the  Rocky  Mountains,  and  much  of  the 
later  sediments  has  been  eroded,  only  traces  of  the  lower  members  being  left. 
In  the  west,  deposition  during  Carboniferous,  Triassic,  and  Jurassic  times 
has  to  a  great  extent  bridged  over  the  unconformity  seen  in  the  east,  and  the 
geological  column  includes  formations  found  in  nearly  all  the  great  systems 
from  the  Cambrian  to  recent  deposits.  In  Western  Alberta  and  in  some  parts 
of  South  Saskatchewan  the  Cretaceous  sediments  are  overlain  by  Tertiary 
deposits.  Overlying  all  is  a  mantle  of  unconsolidated  Pleistocene  and  recent 
deposits. 

Little  has  been  done  yet  to  test  the  gas  and  oil  possibilities  of  the  district. 
A  few  wells  have  been  sunk,  and  in  a  number  of  these  gas  in  commercial 
quantities  has  been  struck.     Prospecting  for  oil  has  been  less  successful. 

Prospecting  for  oil  has  been  carried  on  in  two  different  areas  in  the 
Pincher  Creek  district,  South-Westerri  Alberta,  one  on  the  southern  branch  of 
the  south  fork  of  Oldman  River,  and  the  other  on  Oil  Creek,  which  flows  into 
Waterton  Lake.  This  has  apparently  resulted  in  no  great  measure  of  success. 
In  Northern  Alberta  the  Dakota  Sandstone,  where  exposed  along  the  Athabaska 
and  its  tributaries,  is  impregnated  with  a  bituminous  substance  believed  to  be 
a  petroleum  product,  and  it  is  thought  that  liquid  petroleum  exists  in  this 
porous  rock  at  some  distance  from  the  outcrop.  To  test  the  validity  of  this 
belief,  wells  were  drilled  during  the  nineties  by  the  Dominion  Government 
at  Victoria  on  the  Saskatchewan,  at  Athabaska  Landing,  and  at  the  mouth 
of  Pelican  River.  In  the  first  two  wells  the  Dakota  Sandstone  was  not  reached, 
Avhile  in  the  last  it  was  reached  at  a  depth  of  750  feet,  penetrated  about  87 
feet,  and  found  to  carry  heavy  tarry  petroleum. 

Prospecting  for  gas  has  been  much  more  encouraging.  The  boring  at 
the  mouth  of  Pelican  River,  although  disappointing  so  far  as  oil  is  concerned, 
proved  the  presence  of  a  great  reservoir  of  gas  in  the  Dakota  Sandstone,  and 
heavy  flows  were  struck  at  820  and  837  feet.  In  Southern  Alberta,  also,  gas 
is  found  in  paying  quantities.  A  good  field  exists  at  Medicine  Hat,  and  flows 
have  been  obtained  at  several  different  points  west  of  that  city.  At  Bow 
Island  a  flow  of  several  million  feet  is  obtained. 

Thus,  while  the  presence  of  oil  in  commercial  quantities  remains  to  be 
proved,  boring  operations  have  demonstrated  beyond  a  doubt  the  existence 
of  large  reservoirs  of  natural  gas,  and  it  seems  probable  that  further  explora- 
tory work  throughout  the  wide  area  underlain  by  the  Cretaceous  rocks  should 
lead  to  the  discovery  of  other  reservoirs. 

It  is  believed  that  the  Devonian  limestone  is  the  source  of  the  gas  and 
petroleum  products  of  Northern  Alberta,  while  the  porous  Dakota  Sandstone 
'  In  resei  roir  into  which  they  have  risen  and  in  which  they  have  been 
retained  by  the  overlying  shales.  The  Dakota  Sandstone  is  the  productive 
formation  at  the  mouth  of  Pelican  River,  and  it  is  also  believed  to  be  the  gas- 
bearing  formation  at  Low  Island  in  Southern  Alberta.  As  the  Devonian 
limestone  and  Dakota  Sandstone  are  of  wide  distribution,  and  probably 
underlie  the  western  part  of  Manitoba  and  a  great  part  of  Saskatchewan 
and  Alberta,  the  prospects  for  the  discovery  of  other  gas-fields  seem 
favourable.  On  account  of  the  great  thickness  of  sediments  overlying  these 
formations,  the  driller,  however,  must  be  prepared  to  go  to  a  considerable 
depth. 

A.  P.  A.  S. 
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Study  of  the  Copper-pyrites  Deposits  at  Monte  Mulatto,  Southern  Tyrol. 

— By    M.    Lazarevic    and    E.    Kittl.       CEsterr.    Zeitschr.    f.    Berg-   u. 
Euttenwes.,  1913,  vol.  lxi.,  pages  407-430. 

In  the  porphyry-deposits  of  Monte  Mulatto  there  are  three  distinct 
parallel  zones,  at  an  inclination  of  70  to  80  degrees.  The  rocks  are  mostly 
tourmaline  and  quartz  or  schorl-rock,  and  spread  out  into  replacement 
veins.  They  are  found  in  conjunction  with  arsenical,  copper,  and  iron 
pyrites,  and  bear  evidence  of  two  stages  in  their  formation.  The  first  is 
the  so-called  "pegmatite'3  stage;  during  the  second  stage  the  rocks  were 
subjected  to  pneumatolytic  action.  According  to  the  writer,  these  tourma- 
line deposits  are  the  product  of  emanations  of  acid  extracts  from  the  original 
granite,  and  the  porphyritic  granite  was  already  solidified  when  the  magnet- 
ization of  the  rock  surrounding  the  deposits  took  place. 

E.  M.  D. 


Tourmaline-bearing- Copper-pyrites  Deposits  at  Monte  Mulatto,  Southern 
Tyrol. — By  R.  Granegg.  CEsterr.  Zeitschr.  f.  Berg-  u.  Hiittenwes.,  1913, 
vol.  lxi.,  pages  479-481. 

The  gravel-deposits  at  Monte  Mulatto,  about  2  miles  from  Predazzo,  in 
the  Tyrol,  are  worked  for  copper-pyrites  and  scheelite.  The  lowest  formation 
is  granite,  consisting  of  orthoclase,  quartz,  plagioclase,  hornblende,  and 
biotite,  with  "bunches"  of  tourmaline.  Other  minerals  present  in  smaller 
quantities,  imbedded  in  masses  of  calcareous  spar,  are  titanite,  zircon,  and 
scheelite.  Veins  of  copper-pyrites  up  to  2  inches  thick  are  found  in  conjunction 
with  galena  and  molybdenite.  These  ores  appear  in  the  plagioclase-porphyry, 
either  as  impregnations  or  as  lodes.  In  the  upper  strata  the  tourmaline-veins 
are  sometimes  5  inches  thick.  There  appears  to  be  an  unmistakeable  con- 
nexion between  the  veins  of  ore  and  the  rocks  in  which  they  are  found.  The 
veins  are  probably  successive  formations  of  jDOst-volcanic  times,  the  result  of 
eruptions. 

E.  M.  D. 


Mines    and    Open    Workings    in   the   Vladivostok    Region    of    Siberia. — By 

Albert  Bordeaux.    Rev.  Univ.  Min.,  1912,  series  4,  vol.  xxxviii.,  pages 
203-212. 

The  Vladivostok  region,  at  the  far  end  of  Siberia,  is  bordered  by  the  sea, 
which  affords  an  outlet  for  its  minerals.  For  a  long  time  only  gold  was 
produced,  chiefly  from  the  alluvia  near  the  coast;  but  now  those  inland, 
rendered  more  accessible  by  the  Khabarovsky  railway,  are  being  explored. 
The  ores  of  other  metals,  including  argentiferous  lead,  antimony,  chromium, 
platinum,  and  mercury,  as  well  as  those  referred  to  more  particularly  below, 
are  also  found — iron  in  considerable  quantities. 

Gold. — Although  the  auriferous  quartz-lode  in  Askold  Island  is,  like 
the  coastal  alluvia,  approaching  exhaustion,  the  Vladivostok  region  yielded 
(according  to  the  Oussouri  Mines  Bureau)  315  pounds  (142  kilogrammes) 
in  1909,  and  88  pounds  (40  kilogrammes)  in  1910.  Prospecting  in  1911,  along 
the  Iman,  a  tributary  of  the  Oussouri,  showed  sometimes  more  than  6|  dwts. 
troy  (10  grammes)  in  a  ton  of  washed  products.  The  gold  is  chiefly  found 
in  small  creeks,  but  also  in  the  river  itself  and  in  terraces  that  border  it. 
Both    dredging    and    the    hydraulic    method    would    be    applicable ;     and    the 
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district  contains  timber.  It  is  now  known  that  the  natives  have  found 
gold  in  quite  a  system  of  small  streams,  and  also  in  the  gravels  of  the  Bikine 
River. 

Zinc. — In  1903,  calamine  of  Upper  Jurassic  age  was  discovered  near  an 
old  argentiferous  lead-mine  at  Tetiuhe,  22  miles  (36  kilometres)  from  the  sea; 
and,  after  a  few  months'  exploration,  10,000  tons  of  very  pure  ore,  containing 
48  per  cent  of  zinc,  were  proved.  In  1907,  a  railway,  prolonged  by  an  auto- 
motive ropeway,  was  made  from  the  mine  to  the  sea-coast;  and  by  1910,  no 
less  than  31,615  tons  of  calamine  (worth  more  than  JcQ  per  ton)  had  been  sent 
to  Europe,  while  in  the  following  year  more  than  53,000  tons  were  exported. 
Zinc-silicate  occurs  in  contact  with  an  iron-ore  bed  near  Port  Olga  ;  and  both 
native  copper  and  arsenical  cupreous  ore  have  been  fovind  in  the  calamine. 

(  'opper. — Besides  the  inclusions  just  mentioned,  copper  exists  in  the 
form  of  lodes  in  an  eruptive  rock,  and  also,  not  far  from  the  sea,  in  valleys 
like  that  of  Djighit,  while  even  nuggets  of  native  copper  have  been  found 
in  a  river-bed.  Copper-ores  also  occur  in  the  limestones,  or  at  their  contact 
with  the  porphyries;  and  these  deposits  might  become  valuable  if  copper 
should  be  smelted  in  the  country,  encouraged  by  the  offered  premium  of  =£12 
per  ton. 

Iron. — Two  magnetic-deposits  are  known,  one  near  the  Bay  of  Olga, 
and  the  other  near  that  of  Vladimir,  the  former  being  a  deposit  of  inclusion 
and  of  contact.  The  magnetite  is  sometimes  pure — often  containing  from  45 
to  55  per  cent,  of  iron — but  sometimes  mingled  with  garnets  and  grenatite. 

Coal. — The  coal-measures  appear  to  exist  all  along  the  Sikhota-Alin 
Chain,  which  approximately  follows  the  coast ;  and  this  chain  is  folded,  the 
strata  being  dislocated,  and  overlain  by  more  recent  deposits.  Both  lignite 
and  anthracite  are  present  in  considerable  quantities;  the  former,  worked 
at  a  point  25  miles  (40  kilometres)  from  Vladivostok,  yielded  107,000  tons  in 
1910.  The  anthracite-deposit  most  worked  is  that  of  Su-Chang,  87  miles 
(140  kilometres)  north-east  of  Vladivostok,  the  annual  output  varying  from 
120,000  to  200,000  tons.  The  coal,  very  friable,  is  got  with  difficulty.  The 
same  deposit  appears  to  exist  at  Mongugai,  20  miles  from  Vladivostok, 
where  analyses  have  shown  76  per  cent,  of  carbon,  with  a  calorific  power 
equal  to  that  of  Cardiff  coal.  It  is  strange,  concludes  the  author,  that  this 
deposit,  in  so  favourable  a  situation,  has  not  yet  been  brought  into  working. 

J.  W.  P. 


Native  Copper  and  Copper-ores  found  with  Zeolites  in  the  Andesitic 
Rocks  near  Rgoste,  Eastern  Servia. — By  M.  Lazarevic.  (Esterr. 
Zeitschr.  f.  Berg-  u.  Hiittenwes.,  1913,  vol.  lxi.,  pa^es  183-202. 

The  writer  directed  operations  for  constructing  a  tunnel  on  a  section  of 
a  new  railway  in  Servia,  and  had  occasion  to  examine  a  peculiar  formation 
of  massive  eruptive  andesitic  rocks  near  the  town  of  Bgoste.  These  rocks  are 
traversed  by  a  network  of  fissures  filled  with  zeolites  and  copper-ore.  The 
augite-andesite  and  porphyritic  rocks  contain  fragments  of  felspar  and  calc- 
apar.  The  prevailing  augite  is  of  basaltic  origin,  and  forms  with  the 
felspar,  zeolites,  and  other  minerals,  the  central  core  of  the  eruptive  mass. 
The  copper-ores  consist  of  bornite.  sulphide  of  copper,  copper  pyrites,  and 
native  copper,  and  the  writer  notes  as  »  singular  fact  that  these  ores  should 
appear  in  basic  eruptive  rocks.  He  considers  the  phenomenon  to  be  the  result 
of  hvdrothermal  action.  E.  M.  D. 
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MINING  TECHNOLOGY. 

Experiments  and  Improvements  in  Mine  Work  in  Prussia  during  1913. — 
Zeitschr.  f.  Berg.,  Hiitt.-  u.  Salinenwes.,  1914,  vol.  lxii.,  pages  91-98. 

I. — Winning. 

Bard  Steel  Bits  for  Electric  Revolving  Rock-drills  are  being  introduced 
by  the  Siemens-Schuchert  Works.  In  trials  of  long  duration  made  witli  them 
at  the  Hildesia  Kaliwerk  in  the  Goslar  district,  the  efficiency  proved  to  be 
from  30  to  40  per  cent,  greater  than  that  of  ordinary  twisted  drills.  The 
bits  were  easy  to  carry  and  to  insert.  They  cost  nearly  7s.  (7  marks)  each. 
The  advantage  is  especially  great  in  boring  rock-salt.  In  some  other  trials 
an  advantage  of  100  per  cent,  was  attained. 

White  Blasting-poinlcr,  called  "  Raschit,"  is  in  use  at  Cons.  Paulus- 
Hohenzollern  Colliery  in  the  South  Beuthen  district.  It  is  about  8  per  cent, 
cheaper,  and  is  less  dangerous,  than  ordinary  black  powder.  Its  constituents 
are  90  per  cent,  of  cubic  saltpetre  and  30  per  cent,  of  cresol-sulpko-acidic 
sodium.  Its  disadvantages  are  that  the  fumes  produced  by  it  are  greater, 
and  that  it  does  not  keep  so  well  as  ordinary  powder. 

Store-rooms  for  Explosives  are,  at  the  Gottelborn  Colliery,  in  the  Saar 
district,  now  being  so  arranged  that,  in  case  of  an  explosion  in  the  mine, 
the  air-current  is  automatically  cut  off  from  them  by  dams  and  strong  iron 
doors.  The  effect  in  the  storeroom,  of  an  explosion,  is  also  weakened  by  an 
arrangement  of  tortuous  approaches  to  it.  Men  coming  to  seek  explosive 
material  enter  through  one  passage,  and  those  carrying  it  away  leave  by 
another. 

Boxes  for  the  Transport  of  Explosives  are,  at  Burbach  Colliery,  in  the 
Magdeburg  district,  being  made  of  aluminium  instead  of  zinc-bound  wood  on 
the  former  method.  The  new  boxes  require  careful  handling,  but  the  weight 
to  be  carried  is  lighter  by  about  a  fourth ;  their  general  use  has  been  decided 
upon. 

Guards  against  Charges  that  have  Hung  Fire  are  being  employed  in  the 
Konigshiitte  district  in  the  form  of  pairs  of  wooden  plugs  inserted  one  behind 
the  other  after  the  charge  in  each  case.  Anyone  attempting  to  bore  further 
in  a  hole  containing  a  non-exploded  charge  at  once  realizes  that  he  is  boring 
in  wood. 

II. — Working  in  the  Pit.     Ibid.,  pages  98-104. 

Hydraulic  Packing. — At  Oberhausen  Colliery,  a  line  of  piping  for  this 
work  is  being  led  down  from  bank  into  the  pit.  Oval  pipes  with  hard  steel 
linings  are  used,  and  have  hitherto   given   good   results. 

At  Laura  Hiitte  Colliery,  in  North  Kattowitz,  a  trough  220  feet  (67  metres) 
long,  dipping  at  an  angle  of  6  degrees,  is  made  of  porcelain  1-18  inches 
(30  millimetres)  thick.  Although  222  cubic  yards  (170  cubic  metres)  of  boiler- 
ashes  are  passed  along  it  per  day,  no  signs  of  wear  have  shown  themselves  in 
6  months'  working.  No  breakages  have  occurred.  The  porcelain  trough  costs 
about  17s.  per  yard  (19  marks  per  metre). 

III. — Mine  Development.  Ibid.,  pages  104-112. 
At  Ewald  Fortsetzung  Colliery,  shaft-tubbings  are  being  applied  on  the 
Wilhelm  Breil  system.  Skeleton-frame  tubbing  sections  of  angle-  and  flat-bar 
iron  are  filled  with  rammed  concrete,  and  bolted  together  to  form  rings.  The 
tubbing  rests  on  iron  bearers  firmly  anchored  to  the  sides  of  the  shaft,  about 
66  to  81  feet  (20  to  25  metres)  apart.  Mortar  is  forced,  under  pressure, 
behind  the  tubbing,  in  order  to  press  the  latter  firmly  against  the  sides  of  the 
shaft. 


48  NOTES  OF  PAPERS  IN  COLONIAL  AND  FOREIGN 

At  Kohlwald  Colliery,  in  the  Saai  district,  rammed  concrete  has  likewise 
been  applied  for  lining-  shafts.  A  hollow  cylinder  of  lining  was  built  on  a 
platform  about  ()\  feet  (2  metres)  above  the  sinking  section.  To  carry  the 
concrete,  a  framework  of  iron  and  wood  was  bolted  into  the  sides  of  the  shaft, 
and  brackets  were  fitted  to  prevent  the  bolts  from  bending  down  under  the 
weight.  In  the  latter  case,  the  adoption  of  the  system  enabled  the  time  of 
sinking  to  be  shortened ;  16£  feet  (5  metres)  more  per  month  could  be  sunk 
by  it. 

At  Cons.  Radzionkau  Colliery,  in  the  Tarnowitz  district,  airways  are  being 
lined  with  reinforced  concrete,  calculated  to  withstand  a  vertical  pressure 
of  9  tons  and  a  horizontal  one  of  5  tons  per  square  metre  (7'52  and  418  tons 
per  square  yard).  The  passage  in  question  is  10  feet  (305  metres)  broad  by 
94  feet  (2'9  metres)  maximum  height,  and  is  of  oval  form.  The  cost  is  20  per 
cent,  less  than  that  of  the  former  rammed  concrete  construction. 
V. — Underground  Conveyance.  Ibid.,  pages  113-137. 
Rail-attachments  in  the  form  of  clamps  (D.R.P.  184,479)  are  being  used 
at  the  Mont  Cenis  Colliery,  in  the  Dortmund  III.  district.  Each  clamp  is 
long  enough  in  the  rail  direction  to  take  one  or  perhaps  two  wooden  screws, 
with  which  it  is  then  attached  to  the  sleeper.  It  has  projections  at  its  under 
side,  which  grip  the  latter,  and  a  lateral  lip  that  extends  on  to  the  flat  foot 
of  the  rail  and  holds  it  tightly  down.  The  laying  of  the  rails  with  these 
appliances  is  easier  and  more  exact,  and  the  sleepers,  which  are  less  damaged 
than  by  the  ordinary  method,  can  more  readily  be  used  again,  so  that  savings 
result. 

A  Tub-spacing  Device  for  automatically  arranging  the  set  is  in  use  on 
an  incline  at  the  Riesser  Lignite  Colliery,  near  Amsdorf,  in  the  West  Halle 
district.  The  leading  tub,  which  is  attached  to  the  haulage-rope,  bears 
against  a  lever,  which  actuates  a  breaking  beam  and  brings  it  into  position 
so  as  to  arrest  the  second  tub  until  the  latter  is  released  at  the  right  time 
by  another  automatic  appliance  of  similar  kind.  The  rest  of  the  tubs  follow 
in  the  same  way  and  automatically  take  hold  of  the  rope  at  the  desired 
intervals  of  46  feet  (14  metres). 

For  Haulage  on  Inclined  Planes,  an  arrangement  has  been  made  at  the 
Ver.  Constantin  der  Grosse  Colliery,  in  the  North  Bochum  district,  by  which 
the  counterweight  hangs  in  the  bight  of  a  rope,  one  end  of  which  is  fast 
while  the  other  passes  over  a  pulley  and  takes  the  set.  By  this  means,  the 
counterweight  travels  only  half  the  length  of  the  incline,  and  does  not  impede 
working  operations  at  its  foot.    The  device  has  given  every  satisfaction. 

A  mechanical  arrangement  for  putting  tubs  into  the  cage  is  in  use  at  the 
Westerholt  Colliery  in  the  West-Recklinghausen  district.  Two  tubs  are 
braked  down  to  a  rocking  platform  in  front  of  the  cage,  and  pushed  on  to  it 
by  means  of  a  compressed  air-cylinder  with  just  sufficient  force  to  send  them 
into  their  places.  The  cages  are  served  more  quickly  and  the  work  of  one  man 
above  and  one  below  bank  is  saved. 

.!  Safety-device  for  barring  the  entrance  to  the  shaft  is  in  use  at  the 
Julia  Colliery  in  the  Heme  district.  A  spindle  with  a  toggle  device  is 
arranged  at  the  side  of  the  cage  alwut  2  feet  above  the  fiatsheets,  and  kept 
in  position  by  a  counterweight  attached  to  one  end  of  the  toggle,  in  such  a 
manner  thai  an  arm  projects  into  the  opening  and  bars  the  passage.  When 
the  cage  i>  in  position,  it  bears  against  rollers  on  the  other  end  of  the  toggle, 
raises  the  counterweight,  and  removes  the  obstructing  arm  or  arms.  The 
arrangement  has  given  satisfaction 
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VI.— Mine-lighting,   Ventilation,    Breathing-apparatus,    etc.      Ibid.,   pages 
137-146. 

The  Coal-dust  Danger  is  combated  at  Ewald  Fortsetzung  Colliery  in  the 
East-Recklinghausen  district,  by  the  .spreading  of  stone-dust  in  layers  of  04  to 
0-8  inch  (10  to  20  millimetres)  thick  on  horizontal  boards  under  the  roof  and 
at  the  sides  of  suet  inns  of  the  ways.  In  case  of  an  explosion  of  coal-dust, 
the  stone-dust  is  stirred  up,  and  is  expected  to  arrest  its  course.  Experiments 
have  shown  that  the  stone-dust  has  hitherto  remained  dry  enough  to  exercise 
t  lie  effect  intended. 

Sealing  of  Underground  Fires.— In  order  to  seal  up  an  underground  fire, 
trial  was  made  at  Schwalbach  Colliery,  in  the  Saar  district,  of  a  new  kind  of 
airtight  dam.     An  auxiliary  masonry  dam  of  ordinary  construction  was  first 
fitted,  and  at   a  distance  of  40   inches    (1   metre)   from  this   a  second   more 
stiuugly-construeted    dam,    also   of   masonry.     By    means    of   compressed    air, 
mud  was  pumped  through  a  pipe  3£  inches  (80  millimetres)  in  diameter  into 
the  space  between,  and  a  perfect  airtight  closure  was  thus  effected. 
XIV. — Boilers  and  Engines.     Ibid.,  pages  156-166. 
A  Circulating  Pump  applied  to  a  double-furnace  boiler  belonging  to  Ver. 
Schiirbauk  &  Charlottenburg  Colliery  at  Aplerbeck,  in  the  Dortmund  district, 
has  been  at  work  for  several  months  with  good  effect.     Two  saddles  each  11* 
feet  broad  by  9  feet  10  inches  in  length  (3"5  by  3  metres),  which  span  the 
furnace-tubes,  extend  in  ridge  form  not  quite  to  the  surface  of  the  water. 
Pipes  with  nozzle-heads  rise  through  the  ridge  in  each  case  into  the  space 
above.     The  steam-bubbles  collecting  in  the  hottest  zone  between  the  furnaces 
and  below  the  flaps  of  the  saddle  rise  up  through  the  nozzles,  carrying  water 
with  them.      A  current  is  thus  set  up,  extending  from  the  cooler  zone  below 
the  tubes  to  the  hotter  one  above.       Experiments  showed  savings  of  coal  of, 
in  one  ease,  19  per  cent.,  and,  in  the  other,  of  13-7  per  cent.     The  installa- 
tion cost  about  £100  (2,000  marks).     Eight  more  boilers  are  to  be  so  fitted. 

A.  R.  L. 


Coal-washing;  in  Illinois,   U.S.A.— By  F.  C.   Lincoln.     Bull.    Univ.   Illinois, 
1913,  vol.  xi.,  No.  9,  pages  1-108. 

This  Bulletin  contains  a  general  account  of  the  history,  practice,  results, 
and  costs  of  coal-washing  in  Illinois.  It  is  a  compilation  of  data  obtained  by 
reading,  correspondence,  personal  interviews,  and  field-work.  A  period  of 
two-and-a-half  months  was  spent  in  the  field.  This  time  was  sufficient  for 
the  inspection  of  all  the  operating  coal-washeries  in  the  State  and  the  collet 
tion  of  over  a  hundred  samples.  It  was  too  short,  however,  to  permit  of 
detailed  studies  being  made  of  any  of  the  washeries  visited.  The  time  was 
also  too  short  for  a  study  of  the  methods  by  which  the  raw  screenings  for  the 
washeries  were  produced.  Fortunately,  however,  mining  methods  in  Illinois- 
including  those  parts  of  the  State  in  which  coal-washeries  are  in  operation- 
have  been  made  the  subject  of  an  investigation  undertaken  jointly  by  the 
Department  of  Mining  Engineering  of  the  University  of  Illinois,  the  Illinois 
State  C.ological  Survey,  and  the  United  States  Bureau  of  Mines.  The  co- 
operative  publications  on  districts  in  which  washerfce  are  situated  may 
profitably  be  consulted  in  connexion  with  this  Bulletin. 

In  the  year  1912,  19,844,517  tons  of  bituminous  coal  were  washed  in  the 
United  Stages.  This  was  4-4  per  cent,  of  the  total  production.  The  washeries 
produced  from  the  raw  coal  17,538,572  tons  (or  88"4  per  cent.)  of  washed  coal, 
and  2,305,945  tons  (or  11-6  per  cent.)  of  refuse. 
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The  washing  of  anthracite  is  an  important  industry  in  Pennsylvania, 
3,533,768  short  tons  of  washed  anthracite  having  been  produced  in  1912.  This 
was  A'8  per  cent,  of  the  total  production  for  that  year.  When  this  amount  is 
added  to  the  production  of  washed  bituminous  coal,  the  total  production  of 
washed  coal  for  1911  is  found  to  be  23. 378. 2*5  ton-,  of  which  15-1  per  cent,  is 
anthracite  and  84-9  per  cent,  bituminous  coal. 

Out  of  a  total  production  of  59,885,226  tons  of  coal  in  1912,  Illinois  washed 
3,522,760  tons,  or  5-88  per  cent.  This  amount  is  greatly  in  excess  of  the 
average  proportion  of  bituminous  coal  washed  in  the  United  States,  and  is 
about  the  same  as  the  proportion  of  anthracite  washed  in  Pennsylvania. 
There  were  produced  3,070,523  tons  of  washed  coal  and  452,237  tons,  or  12-8 
per  cent,  of  refuse.  This  proportion  of  refuse  is  greater  than  the  average 
for  the  United  States,  which  is  116  per  cent.  A.  P.  A.  S. 


Hydraulic      Mine-f  illing      in      the      Pennsylvania      Anthracite-fields. — By 

Charles  Enzian.     Bur.  Mines,  1913,  Bulletin  No.  60,  pages  1-77. 

This  report  is  issued  as  a  preliminary  statement  of  the  present  develop- 
ment of  hydraulic  mine-filling,  as  conducted  in  the  anthracite  region  of 
Pennsylvania.  A  discussion  of  different  methods,  their  variations  and 
modifications,  as  well  as  their  probable  extension  as  a  result  of  amplified  tests 
of  the  various  roof-supporting  materials,  will  be  presented  in  a  future  Bulletin. 

It  is  the  opinion  of  many  prominent  mining  men  familiar  with  mining 
operations  in  the  United  States  and  abroad  that  under  certain  conditions  the 
most  practical  way  of  preventing  loss  of  unmined  coal  in  pillars  and  of  pro- 
tecting surface-property  from  damage  by  subsidence  is  by  filling  the  workings 
with  refuse-material.  This  Bulletin  aims  at  presenting  a  general  discussion  of 
hydraulic  mine-filling,  its  origin,  development,  and  practicability  in 
anthracite-mining. 

The  value  of  mine-filling  as  a  roof-support,  whether  for  surface-protection, 
reinforcement  of  pillars,  or  reclamation  of  pillars,  can  hardly  be  placed  too 
highly.  In  fact,  under  certain  geological  conditions,  particularly  the  occur- 
rence of  water-bearing  strata  over  the  coal,  the  maximum  winning  of  coal 
practically  cannot  be  economically  attained  without  the  use  of  mine-filling. 

A.  P.  A.  S. 


Inflammable  Gases   in   Mine  Air. — By  George  A.  Btjrrell  and  Frank  M. 
Seibert.     Bur.  Mines,  1913,  Technical  Paper  No.  39,  pages  1-24. 

Methane  is  generally  regarded  as  the  inflammable  constituent  of  fire- 
damp, but  it  has  been  stated  that  hydrogen,  ethylene,  and  members  of  the 
paraffin  series  higher  than  methane  occur  in  some  mines.  It  has  been  claimed, 
too,  that  carbon  monoxide  may  be  a  constituent  under  conditions  other  than 
those  well  known  to  produce  the  gas,  such  as  those  attending  mine  fires  and 
explosions.  That  some  of  these  gases  may  be  formed  as  a  result  of  a  fire 
or  explosion  in  a  mine  is  granted,  for  the  reactions  that  occur  during  fires  and 
explosions  are  known  to  produce  them,  but  the  authors  believe,  as  a  result  of 
their  experiments,  that  ethylene,  hydrogen,  carbon  monoxide,  or  ethane  seldom 
occurs,  even  in  very  small  quantities,  in  the  air  of  American  coal-mines  that 
are  operating  under  normal  conditions. 

Samples  of  mine  air  have  been  obtained  from  many  mines,  in  the  main 
returns,  splits,  and  entries,  in  places  where  the  air  was  moving,  and  also  in 
place:   where  flic  air  was  -till,  as  at  the  working-faces,  cavities  in  the  roof,  in 
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the  goaf,  and  in  sealed  enclosures.  In  addition,  samples  have  been  collected 
from  parts  of  mines  that  were  on  fire,  and  from  mines  shortly  after  explosions 
had  occurred. 

The  authors  present  this  study  as  showing  that  normal  mine-air  samples 
obtained  from  many  mines  in  different  parts  of  the  country  contain  only 
methane  as  the  combustible  gas.  The  authors  believe  that  it  has  not  as  yet 
been  fully  demonstrated  thai  gases  other  than  methane  may  be  constituents 
of  normal  mine  air  except  possibly  in  rare  cases.  A.  P.  A.  S. 


Sampling:     and     Examination     of     Mine     Gases     and     Natural     Gas. — By 

George  A.  Burrell  and  Frank  M.  Seibert.     Bur.  Mines,  1913,  Bulletin 
No.  42,  pages  1-116. 

A  large  number  of  mine-gas  samples  were  collected  under  normal  condi- 
tions in  returns  and  in  splits,  and  at  other  points  in  the  ventilating  current, 
also  at  the  face,  in  the  goaf  or  gob,  iu  unventilated  places,  and  wherever  the 
air  was  still.  Samples  were  also  obtained  under  abnormal  conditions,  as  after 
explosions  and  while  mine  fires  were  in  progress,  or  from  sealed  areas  behind 
stoppings  and  dams  where  the  air  had  been  stagnant  for  some  time.  Chemical 
changes  in  the  composition  of  mine  atmospheres  during  fires  were  studied, 
and  conditions  peculiar  to  certain  mines  investigated. 

The  question  of  the  effect  of  a  change  in  atmospheric  pressure  on  the 
escape  of  gas  (methane)  in  coal-mines  has  been  studied.  Explosives  were  fired 
in  both  coal-  and  metalliferous  mines,  and  samples  of  resulting  gases  were 
collected,  in  order  to  ascertain  the  degree  to  which  these  gases  vitiate  the 
air.  A  series  of  samples  of  the  exhaust-gas  from  gasoline  locomotives 
employed  in  mines  were  also  examined,  for  the  same  purpose.  Experiments 
were  carried  out  in  regard  to  the  relative  effect  of  carbon  monoxide  upon 
men  and  small  animals.  A  preliminary  report  relating  to  the  inflammable 
gases  in  mine  air  has  been  published;  and  full  reports  of  the  results  of  the 
investigations  outlined  above  will  be  published,  as  soon  as  all  the  necessary 
data  have  been  gathered.  The  first  part  of  the  present  report  deals  with  the 
methods  used  by  the  Bureau  in  the  collection  and  examination  of  the  various 
mine  gases ;  the  latter  part  discusses  the  Bureau's  methods  of  sampling  and 
examining   natural    gas.  A.  P.  A.  S. 


Constructing;  the  Discharge-dams  by  Machinery  in  the  Ischl  Salt-mines. 

— By  J.  Griessenbooek.     (Esterr,  Zeitschr.  f.  Berg-  u.  Hiittenwes.,  1913, 
vol.  lxi.,  pages  296-301. 

The  brine  in  these  mines  is  run  off  after  saturation  into  settling-dams 
or  weirs,  before  being  pumped  to  the  surface.  In  front  of  the  dams  is  a 
wooden  strainer,  through  which  the  brine  is  passed  and  the  rock  residuum 
kept  back.  A  pipe  conveys  it  thence  to  the  dam  itself,  a  tank  of  3,500 
cubic  feet  capacity  (100  cubic  metres),  built  up  of  slime,  that  is,  the  insoluble 
clay  residuum  from  the  salt-rock,  and  fitted  in  the  brine-chamber.  Much 
care  is  required  in  the  construction,  hitherto  by  hand,  of  these  dams.  Each 
layer  of  slime  is  hammered  down  before  the  next  is  added,  and  the  work  i3 
only  entrusted  to  skilled  workmen.  It  was  decided  to  replace  this  arduous 
handwork  by  machinery,  and  to  employ  a  ram  driven  by  compressed  air, 
made  by  the  Niles-Werkzeug  Maschinenfabrik,  Oberschonweide,  near  Berlin. 
The  first  apparatus  had  two  stamps.  The  larger  weighed  about  20  pounds, 
and  made   300  strokes  per  minute,   with   a  consumption   of  12  cubic   feet  of 
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compressed  air.  The  smaller  weighed  14|  pounds,  made  450  strokes  per 
minute,  and  required  7  cubic  feet  of  compressed  air.  The  air  was  supplied 
)iv  a  portable  compressor,  into  which  it  was  compressed  by  a  TJ-horsepower 
direct-current  motor  to  a  pressure  of  7  atmospheres  (about  105  pounds  per 
square  inch.) 

The  writer  gives  tables  showing  that  when  the  work  was  carried  out  by 
these  pneumatic  stamps  the  time  occupied  was  a  third  less,  the  output  of 
work  three  times  as  much,  and  the  cost  about  a  third  less  than  with  hand 
labour.  Another  point  was  that,  when  the  work  was  done  by  hand,  special 
and  thorough  ventilation  was  necessary,  but  with  the  mechanical  stamps  the 
leakage  of  compressed  air  from  them  was  sufficient  to  ventilate  the  workings. 
The  diameter  of  the  compressor  was  27J  inches  (700  millimetres).  This  size 
is  inconveniently  large  for  working  in  small  areas,  and  a  smaller  compressor 
with  two  vertical  cylinders,  made  by  the  Elektrizitats-Gesellschaft  of 
Vienna,  may  be  substituted  for  it.  Hitherto  the  work  of  trenching  for  the 
dam  had  been  done  entirely  by  hand,  no  blasting  being  allowed.  This 
labour  was  replaced  by  a  bar  coal-cutting  machine,  when  it  was  found  that 
the  amount  of  work  done  was  doubled,  and  no  handwork  needed,  except  for 
cleaning  the  surfaces.  E.  M.  D. 


The  State  Experimental  Mining:  Station  at  Brux. — By  K.  Statjch.     CEsterr. 
Zeitschr.  f.  Berg-  u.  Hilttenwes.,  1913,  vol.  lxi.,  pages  511-661. 

An  important  station  for  experimenting  on  mining  conditions  has  lately 
been  erected  by  the  Austrian  Government  at  Brux,  in  Northern  Bohemia, 
where  the  following  subjects  are  investigated: — (1)  Fires  caused  by  the 
spontaneous  ignition  of  coal  in  mines;  (2)  blasting  explosives,  and  the  effect 
of  firedamp  on  them;  (3)  ignition  and  explosion  of  mine  gases;  (4)  testing 
of  safety-lamps ;  and  (5)  testing  of  breathing-apparatus  for  rescue-work  in 
mines.  Various  stations  have  already  been  opened  for  studying  the  con- 
ditions in  bituminous  coal-mines;  but  the  special  object  of  the  present  station 
is  to  examine  explosions  of  brown  coal,  which  is  highly  inflammable,  and 
even  more  liable  to  cause  dangerous  outbreaks   than  hard  coal. 

In  this  station  an  experimental  gallery  has  been  hewn  out  of  the  rock, 
and  fitted  with  all  modern  appliances.  It  is  328  feet  long,  and  has  a  fall  of 
1  in  25  from  the  explosion-chamber.  Here  the  effect  of  so-called  "wet  zones" 
and  of  explosion-proof  compartments  can  be  studied.  There  is  also  a  chemical 
and  physical  laboratory  for  analysing  mine  gases,  producers  and  purifiers 
for  making  and  cleansing  generator  and  other  gases  from  brown  coal,  and 
a  pulverizing  mill  for  making  coal-dust  for  artificial  explosions.  A  chamber 
for  testing  safety-lamps  in  mixtures  of  various  explosive  gases,  and  for 
determining  their  effect  on  different  mining  conditions,  also  forms  part  of  the 
plant.  The  power  is  provided  by  a  three-phase  electric  engine.  The  new 
Government  building  for  studying  rescue-work  in  mines  is  also  at  Brux,  in 
close  proximity  to  this  station.  E.  M.  D. 


Accident   through    Carbon-dioxide    Poisoning:    in    an    Iron-ore    Mine. — By 

—  Kobrich.     Zeitschr.  f.  Berg.,  Hiitt.-  u.  Salinenwes.,  1914,  vol.  Ixii., 

pages  171-175. 

Four  men  were  poisoned  in  June,  1913,  at  the  Ober  Rosbach  vor-der-Hohe 

manganese  ore-mine  in  Hesse.    At  a  depth  of  about  236  feet  (about  72  metres) 

a  communication-gallery  had  been  driven  between  the  two  winding  shafts  of 
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the  mine  at  about  36  feet  (11  metres)  above  the  working  level,  and  the  mine 
had  subsequently  been  drowned  out,  so  that  the  gallery  was  stopped  up  by 
mud,  and  had  to  be  cleared.  A  platform  was  constructed  in  one  of  the  shafts 
at  the  height  of  the  sole  of  the  gallery,  and  the  latter  was  cleared  to  a  distance 
of  about  16£  feet  (5  metres).  The  air  in  the  cul-de-sac  thus  formed  was 
vitiated,  however,  by  fumes  from  the  goaf  and  from  the  wet  wood.  Air  was 
supplied  through  a  temporary  2|-inch  (72-millimetre)  pipe  by  a  hand-ventil- 
ator above,  and  compressed  oxygen  in  flasks  was  also  supplied  to  the  men 
below.  The  ventilation  was  to  be  further  improved  by  heating  the  air  below, 
for  which  purpose  the  pipe  was  fixed  to  a  barrel,  open  at  the  bottom,  in  which 
a  stove  was  installed.  The  stove  was  fired  with  mine-wood  and  shavings, 
and  oxygen  was  supplied  to  it  from  an  opened  flask.  The  men  then  went  to 
bank.  The  ventilator  was  worked  at  intervals  during  the  day,  at  first 
bringing  up  thick  smoke.  On  the  following  day,  lights  were  lowered  and 
continued  to  burn,  and  two  men  descended,  but  were  overpowered  by  fumes, 
and  two  others,  who  followed  to  see  what  had  happened,  met  with  the  same 
fate. 

Later  investigation  showed  that  the  stove  had  burnt  fiercely  till  the 
oxygen  had  become  exhausted.  In  the  bad  air  the  fire  had  then  died  down, 
and  smouldered  at  the  bottom  of  the  stove.  Heavy  carbonic  acid  in  the  pipe 
then  sank  back  into  the  stove  while  the  ventilator  was  not  going,  and  was 
there  changed  into  carbon  dioxide.  The  fire  had  melted  the  soldered  attach- 
ment of  the  pipe  to  the  barrel,  and,  when  the  ventilator  was  turned  again, 
it  drew  air  and  stythe  from  outside,  instead  of  through  the  stove.  The 
carbon  dioxide  was  thus  allowed  to  accumulate,  and  had  poisoned  the  men. 
A  compressor  driven  by  steam,  now  installed,  gave  sufficient  ventilation,  and 
the  air  in  the  gallery  was,  on  the  following  day,  found  to  be  good  and  pure. 

A.  R.  L. 


Earthquakes,     Explosions    of    Gas,    and     Falls    of    Stone    and    Coal. — By 

Dr.   L.   Minteop.      Gliickauf,   Berg-  u.   Hiitten.  Zeitschr.,  1914,   No.   9, 
pages  330-339. 

The  question  of  the  possible  connexion  between  large  and  small  earth- 
tremors  and  gas-explosions  and  falls  of  stone  and  coal  in  mines  having 
been  much  discussed  after  the  explosion  at  the  Minister  Achenbach  Colliery, 
near  Dortmund,  on  January  30th,  1914,  Dr.  L.  Mintrop,  the  Chief  of  the 
Mining  Earthquake  Observatory  at  Bochum,  here  publishes  the  results  of 
observations  made  from  1909  to  1913.  The  earthquakes  were  very  much  more 
numerous  than  the  explosions — 120  to  8  in  1913.  While,  according  to  the 
diagram  given,  a  few  groups  of  earthquakes  synchronized  with  groups  of 
explosions  in  some  of  the  years,  violent  earthquakes  were  also  in  many  cases 
not  accompanied  by  explosions  and  violent  explosions  not  accompanied  by 
earthquakes.  Coincidences  of  earthquakes  with  explosions  are  foiind  to  have 
been  no  more  frequent  than  an  ordinary  calculation  of  probabilities  would 
lead  one  to  expect.  None  of  the  very  greatest  of  the  earthquakes  coincided  with 
explosions.  Minute  earth-tremors  were  found  to  have  been  principally  con- 
fined to  the  winter  months,  whereas  explosions  had  occurred  at  all  seasons 
of  the  year.  In  a  continuous  diagram  of  the  earth-tremors  in  1909-1913 
the  greater  amplitudes  occurring  in  the  winter  months  are  clearly  apparent. 
Meanwhile  58  of  the  118  explosions  noted  during  the  same  period  occurred 
between  October  and  March,  and  the  remaining  60  between  April  and  Sep- 
tember. This  is  considered  to  disprove  conclusively  the  interconnexion 
between  the  two  sets  of  phenomena. 
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In   1909  and  1910,  careful  methodical  investigations  were  made,  as  to  the 

simultaneous  occurrence  of  earth-tremors  and  falls  of  stone  and  coal.  The 
frequency  of  accidents  of  the  latter  kind  was  found  to  depend  in  a  high 
degree  on  the  arrangements  of  the  working  shifts,  but  not  on  the  occurrence 
of  distant  earthquakes  and  tremors.  Taking  the  number  of  men  employed 
as  a  basis,  the  percentage  of  accidents  to  life  and  limb  due  to  explosions 
was  found  to  be  about  a  quarter  of  that  due  to  falls  of  stone  and  coal ;  this 
latter,  however,  was,  in  turn,  less  than  that  in  other  domains,  such  as 
vehicular  traffic  and  inland  shipping  work.  The  earth-shaking  effects  of 
blasting  were  found  to  be  much  greater  than  those  of  distant  earthquakes  and 
tremors;  and  considering  that  about  30  tons  of  explosives  are  consumed  per 
day  in  the  Lower  Ehenish  and  Westphalian  coalfield,  Dr.  Mintrop  considers 
that  these  must  necessarily  play  an  important  part  in  the  consideration  of  the 
question.  He  concludes  the  article  with  a  general  rejection  of  the  earthquake 
and  tremor  theories.  «  A.  R.  L. 


Breathing-apparatus  for  Rescue-work  in  the  Austrian  Mines. — By  W. 
Pokorny.  CEsierr.  Zeitschr.  f.  Berg-  u.  Hilttenwes.,  1913,  vol.  lxi., 
pages  499-599. 

Rescue-apparatus  for  breathing  in  foul  air  was  provided  in  several  mines 
in  Austria  as  early  as  1893,  and  by  a  law  passed  in  1897  a  legal  obligation  was 
imposed  on  all  mine-owners  to  have  rescue-appliances  in  every  mine.  From 
that  year  up  to  1906,  a  series  of  regulations  have  been  issued  by  the  State, 
fixing  the  number  of  rescue-appliances  at  from  2  to  5  per  cent,  of  the  total 
number  of  workers  in  the  mine.  Double  the  number  of  men  required  to  man 
the  apparatus  must  be  available,  and  must  be  exercised  every  two  months. 
The  number  of  appliances  needed  varies  to  some  extent,  according  to  the 
condition  of  the  mine,  whether  it  contains  much  foul  air  or  firedamp.  The 
provision  of  safety-chambers,  electric  lamps,  appliances  for  artificial  respira- 
tion, and  telephonic  communication  with  the  surface  is  also  enforced.  The 
supply  of  tubes  of  compressed  oxygen  to  restore  breathing  in  cases  of  asphyxia- 
tion has  not  yet  been  made  compulsory.  The  safety-chambers  are  sometimes 
built  of  iron  or  brick,  sometimes  hewn  out  of  the  rock.  They  must  be  large 
enough  to  hold  200  to  300  men,  connected  to  compressed-air,  electric,  and 
water-mains,  and  to  the  telephone,  and  stocked  with  all  necessary  implements 
and  food.  In  the  writer's  opinion,  these  chambers  are  only  useful  in 
dangerous  parts  of  a  mine,  far  removed  from  the  ordinary  roadways. 

Five  types  of  rescue-apparatus  are  used  in  Austria,  namely,  the  Draeger, 
Westfalia,  Pneumatogen,  Aerolith,  and  the  Giersberg.  In  1912,  245  coal-mines 
had  their  own  rescue-stations.  There  are  4,373  trained  workers,  or  about  2'3 
per  cent,  more  than  are  required  to  work  the  apparatus.  In  a  test  made  on 
the  various  types,  it  was  found  that  with  the  Draeger  the  men  were  able  to 
work  for  61  minutes,  and  with  the  Aerolith  for  70  to  90  minutes.  The  work 
was  arduous,  such  as  building  a  concrete  safety-wall,  removing  loads  of 
dynamite  from  the  neighbourhood  of  an  explosion,  repairing  safety-doors, 
etc.  In  air  charged  with  carbonic-acid  gas  seven  men  worked  for  li  to  2 
hours,  and  three  men  for  2  to  3  hours,  this  excellent  result  being  attributed 
to  their  careful  training.  In  foiir  cases  the  rescue-men  lost  their  lives, 
presumably  from  suffocation.  In  each  case  the  party  consisted  of  only  two  or 
three  men,  and  these  were  not  sufficient  to  carry  their  unconcious  comrade  into 
safety.  The  writer  considers  that  every  rescue-party  should  consist  of  at  least 
four  men   and   an   overseer.  E.  M.  D. 
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Improvements   in   the    Circulation   of   Oxygen    in   Breathing-apparatus. — 

By  J.  Popper.    QSsterr.  Zeitschr.  f.  Berg-  u.  Huttenwes.,  1913,  vol.  lxi., 
pages  520-521. 

The  writer  describes  some  novelties  lately  introduced  in  the  breathing- 
apparatus  used  by  rescue-workers  in  mines.  Hitherto  improvements  have 
been  made  in  the  structure,  but  not  in  the  functioning  of  the  apparatus, 
and  have  tended  to  increa.se  its  weight.  The  Draeger  appliance  now  weighs 
40  pounds  (19  kilogrammes).  If  this  weight  be  reduced,  and  the  air  by 
better  circulation  be  cooled  for  breathing,  the  length  of  time  during  which  the 
apparatus  can  be  worn  is  increased,  and  therefore  the  power  for  work  of  the 
wearer.  Herr  Novieki,  the  chief  chemist  at  the  Witkowitz  Mines,  now  uses  a 
water-cooled  rubber-sponge  coated  with  rubber  in  order  to  make  the  mask 
adhere  to  the  face.  The  mask  has  a  spy-glass  and  a  wiper.  The  oxygen 
bottle,  which  is  carried  on  the  back,  contains  13"6  cubic  feet  (390  litres)  of 
oxygen  at  150  atmospheres  pressure,  and  through  the  reducing-valve  0'7  cubic 
feet  (2  litres)  of  air  are  admitted  to  the  mask  per  minute.  The  caustic 
potash  for  regenerating  the  air  is  now  supplied  in  a  granular  form,  through 
which  the  gas  can  circulate  freely.  It  is  then  cooled,  by  passing  it  through 
a  coil  of  pipes  containing  asbestos  soaked  in  alcohol.  An  injector  sends 
the  regenerated  air  on  to  the  mask.  After  two  hours'  use  of  the  apparatus, 
it  was  found  that  the  air  thus  treated  contained  no  carbon  dioxide, 
and  after  four  hours  only  0'6  per  cent.  These  improvements  have  reduced 
the  weight  of  the  apparatus  to  27^   pounds  (12i  kilogrammes). 

E.  M.  D. 


Organization     of     Rescue-work     and      Central      Rescue-station      at     the 
Imperial  Administration  of  Mines  at  Brux,  North-Western  Bohemia. 

— By  G.  Bvba.     CEsierr.  Zeitschr.  f.  Berg-  u.  Huttenwes. ,  1913,  vol.  lxi., 
pages  507-618. 

The  writer  lays  stress  on  the  importance  of  rescue-work  in  mines,  which 
is  not,  in  his  opinion,  sufficiently  recognized.  A  staff  of  rescue-workers, 
trained  by  constant  practice,  is  necessary,  and  the  apparatus  should  be 
provided  in  the  proportion  of  five  to  every  200  men  in  the  mine,  and  double 
the  number  of  men  required  to  serve  them.  The  writer  classes  rescue- 
appliances  under  two  heads,  according  to  whether  they  can  be  worked  to 
their  fullest  extent  for  H  hours,  or  for  only  an  hour  at  a  time.  At  the  mines 
at  Brux,  where  1,500,000  tons  of  coal  are  raised  annually,  and  the  miners 
number  1,827,  there  are  seventy-three  rescue  workers.  Each  apparatus  and 
set  of  men  serving  it  work  separately,  but  rescue-parties  can  be  combined 
in  case  of  need. 

A  handsome  new  building  has  lately  been  erected  by  the  Government  at 
Brux,  as  a  centre  for  studying  rescue-work  in  all  its  applications.  The 
building  is  divided  into  four  parts,  namely :  (1)  an  ambulance-room  for 
first  aid,  fitted  up  like  a  hospital,  and  containing  appliances  for  artificial 
respiration,  and  an  operating  table;  (2)  a  store-room  to  hold  everything 
needed  for  rescue-work,  maintained  in  constant  readiness;  (3)  an  exercising 
hall,  where  rescue-workers  can  go  through  their  training;  and  (4)  an  observa- 
tion-chamber, whence  their  work  can  be  watched  and  directed.  In  the 
store-room  130  Draeger  and  150  Pneumatogen  appliances  are  kept  in  stock, 
together  with  1,050  cubic  feet  (30,000  litres)  of  oxygen  for  refilling  the  knap- 
sacks.    The  exercising  hall,  which  is  grouped  round  the  observation-room,  and 
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forms  the  most  important  part  of  the  station,  is  in  three  tiers  or  stages,  from 
floor  to  roof.  Here  the  conditions  obtaining  in  a  mine  are  as  far  as  possible 
reproduced,  namely,  steep  ascents,  vertical  shafts,  and  even  a  wrecked  gallery 
The  hall  is  without  windows,  and  quite  dark;  it  is  filled  with  foul  air  generated 
by  a  small  furnace,  and  is  kept  at  a  temperature  of  86°  to  96°  Pahr.  The  men 
are  thus  accustomed  to  work  under  the  dangerous  and  difficult  conditions  in 
which  their  services  are  required  in  mines.  An  electric  signal  communicates 
with  the  observation-chamber  in  case  of  need. 

The  cost  of  maintaining  this  station  is  borne  by  the  Imperial  Austro- 
Hungarian  Government,  and,  when  compared  with  the  output  of  the  mines 
and  the  price  obtained  for  the  coal  wrought,  is  but  a  very  small  charge. 

E.  M.  D. 


MECHANICAL  ENGINEERING,  ELECTRICITY  IN  MINES,  ETC. 

Significance  of  Draughts  in  Steam-boiler  Practice. — By  Walter  T.  Ray 
and  Henry  Kreisinger.     Bur.  Mines,  1911,  Bulletin  No.  21,  pages  1-64. 

The  study  of  the  principles  underlying  the  movement  of  gases  through 
furnaces  and  boilers  suggested  itself  to  the  authors  during  the  early  work  of 
the  United  States  Government  fuel-testing  plant  at  St.  Louis  (Missouri).  At 
that  time  the  members  of  the  steam-engineering  section  were  perplexed  with 
the  results  of  a  series  of  tests  made  on  the  same  coal.  It  was  found  that 
during  this  series  of  tests  the  capacity  developed  by  the  boiler  was  apparently 
independent  of  the  draught  in  the  furnace,  that  is,  some  tests  which  were  con- 
ducted with  higher  draughts  in  the  furnace  showed  lower  capacity  than  some 
other  tests  run  with  lower  draughts.  Later  on,  after  a  large  number  of 
steaming  tests  had  been  made  with  the  two  Heine  boilers,  the  results  were 
studied  with  the  object  of  finding  the  effects  of  draughts  on  the  capacity 
developed  by  the  boiler  and  on  other  items  of  the  results  of  the  tests. 

Although  the  laws  that  were  deduced  from  the  experiments  strictly  apply 
only  to  the  isothermal  flow  of  gases,  nevertheless  the  writers  thought  that  the 
deductions  would  be  applicable  to  a  large  extent  to  flows  of  gases  in  a  steam- 
boiler.  The  writers  were  not  disappointed  in  their  expectations;  during  the 
last  two  years  they  have  had  many  opportunities  of  seeing  how  closely  the 
deductions  which  they  had  drawn  from  the  laboratory  experiments  applied  to 
large  boilers  and  to  gases  of  varying  temperatures.  The  substance  of  this 
Bulletin  may  be  summarized  as  follows:  — 

(1)  If  the  resistance  to  the  flow  of  gas  remains  unchanged,  the  pressure- 
drop  through  any  portion  of  the  gas-passage  bears  a  constant  ratio  to  the 
total  pressure-drop. 

(2)  If  the  total  pressure-drop  from  ash-pit  to  uptake  remains  constant, 
the  pressure-drop  through  any  portion  of  the  gas-passage  varies  with  the 
resistance  of  the  flow  of  gas  through  that  particular  portion.  Thus,  with  a 
constant  total  drop  from  the  ash-pit  to  the  uptake  the  pressure-drop  through 
the  grate-  and  fuel-bed  varies  with  the  resistance  of  the  grate-  and  fuel-bed, 
the  variation  being  in  the  same  direction,  but  not  of  proportional  magnitude. 

(3)  If  the  resistance  of  any  portion  of  the  gas-passage  remains  constant, 
the  weight  of  gas  passing  through  that  portion  varies  as  some  power  of  the 
pressure-drop  through  it.  The  index  of  the  power  is  approximately  %,  so  that, 
in  order  to  double  the  weight  of  gas  passing  through,  the  pressure-drop  must 
be  quadrupled,  and,  in  order  to  treble  it,  the  pressure-drop  must  be  made 
nine  times  as  great . 
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The  above  three  statements  are  general  for  all  conditions  and  for  all 
combinations  of  "' forced"  and  "induced"  draught.  There  is  really  no  difference 
between  toned  and  induced  draught,  provided  that  the  setting  is  tight. 
The  volumetric  percentage  of  "dead"  corners  in  a  boiler  is  the  same  in 
either  case.  With  gases  there  is  no  pulling,  only  pushing.  Gases  travel  from 
places  of  higher  pressure  to  those  of  lower,  the  motion  of  the  gas  occurring 
because  of  its  expansion.  The  term  "draught"  is  indefinite,  being  applied 
sometimes  to  the  motion  of  gases  and  sometimes  to  the  cause  of  the  motion — 
that  is,  to  the  pressure  difference. 

Experiments  shedding  light  on  the  flow  of  gases  through  boilers  were 
made  in  a  laboratory  by  passing  air  through  two  beds  of  lead-shot.  The 
results  of  the  experiments  are  expressed  in  the  following  brief  statements:  — 

The  rate  of  flow  of  air  through  a  bed  of  shot  of  constant  thickness  is 
approximately  proportional  to  the  square  root  of  the  pressure-drop  through 
the  bed.  As  the  thickness  of  the  beds  of  shot  increase,  the  weight  of  the  air 
passing  through  per  minute  decreases  very  rapidly  at  first,  then  more  and 
more  slowly.  To  put  air  at  the  same  rate  through  twice  as  thick  a  bed  of 
shot  requires  twice  the  pressure  difference  between  the  two  sides  of  the  bed 
and  twice  the  work  must  be  expended. 

If  the  height  (number  of  rows  of  tubes)  of  a  cross-flow  type  of  water-tube 
boiler  be  doubled,  or  if  the  length  of  the  tubes  of  a  parallel-flow  type  of 
water-tube  boiler  be  doubled,  or  if  the  thickness  of  a  fuel-bed  be  doubled,  it 
is  likely  that  the  work  required  of  a  fan  will  be  about  doubled  if  the  same 
weight  of  gas  is  to  be  passed  through  per  minute. 

If  two  or  three  times  the  usual  amount  of  gases  be  forced  through  a  stoker 
and  boiler  so  as  to  produce  nearly  two  or  three  times  as  much  steam,  the  total 
work  expended  on  the  fans  will  be  increased  perhaps  8  and  27  times  respec- 
tively (23  and  3s).  Assuming  that  it  takes  60  pounds  of  steam  per  hour  to 
run  the  fan  when  developing  100  boiler  horsepower  in  a  certain  boiler,  in 
order  to  develop  200  horsepower  in  the  same  boiler  a  fan  of  the  same  efficiency 
would  use  (60x8  =  )  480  pounds  of  steam,  and  to  develop  300  horsepower  a 
third  fan  of  the  same  efficiency  would  use  (60x27  =  )  1,620  pounds. 

There  is,  however,  a  limit  beyond  which  it  would  not  pay  to  increase  the 
total  pressure-drop  in  order  to  raise  the  capacity  of  a  boiler.  Assuming 
that  the  work  applied  to  the  fan  would  continue  to  increase  as  in  the  above 
three  cases,  starting  the  same  at  2  per  cent.,  with  higher  capacities  the  steam- 
consumption  of  the  fans  would  be  as  follows:  — 


Boiler- 
horsepower. 

Percentage  of  Steam 
used  by  Fan. 

Boiler- 
horsepower. 

Percentage  of  Steam 
used  fcy  Fan. 

100 

2 

500 

50 

200 

8 

600 

72 

300 

18 

700 

98 

400 

32 

800 

128 

This  table  shows  that  it  would  be  impossible  to  multiply  the  capacity 
by  more  than  seven,  as  beyond  this  figure  the  fan  would  take  more  steam 
than  the  boiler  would  make.  At  five  times  the  original  capacity  the  fan 
would  take  about  half  the  steam.  Doubling,  trebling,  and,  perhaps  with 
larger  grate-areas,  even  quadrupling  the  rate  of  working  a  boiler  seems  to  be 
sound  commercial  practice.  Furthermore,  by  carefully  designing  a  fan  the 
above  steam-consumption  could  nearly  be  halved.  This  must  be  admitted, 
if  the  efficiency  tests  made  on  fans  of  various  makes  by  trustworthy  experi- 
menters be  studied,  as  these  have  shown  that  the  efficiency  of  a  blower  from 
the  shaft  to  air  delivered  lies  ordinarily  between  10  and  50  per  cent. 
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Increasing  the  length  of  a  multitubular  boiler  and  leaving  the  internal 
diameter  of  the  tubes  the  same  seems  in  some  cases  to  increase  slightly  the 
total  amount  of  heat  absorbed  when  the  boiler  is  working  under  the  same 
ire  (draught)  difference  between  the  two  ends  of  the  tubes,  although  the 
weight  of  air  passing  through  is  less.  A  large  pressure-drop  through  the 
fuel-bed  (or  a  high  draught  above  the  fire)  does  not  necessarily  imply  that  the 
rati'  of  combustion  is  high;  it  is  likely  to  mean  the  opposite.  High  pressure- 
drop  through  the  fuel-bed  always  means  high  resistance  in  it  to  the  flow  of 
gas.  The  pressure-drop  through  the  fuel-bed,  or  the  draught  over  the  fire,  is 
significant  only  when  considered  in  connexion  with  the  total  pressure-drop. 
The  capacity  of  a  boiler  increases  with  the  difference  between  the  pressures 
in  the  uptake  and  over  the  fire.  With  constant  total  pressure-drop  (total 
draught)  the  capacity  of  a  boiler  decreases  as  the  pressure-drop  through 
the  fuel-bed  increases.  A.  P.  A.  S. 


Smokeless  Combustion  of  Coal  in  Boiler-furnaces. — By  D.  T.  Randall  and 
H.  W.  Weeks.     Bur.  Mities,  1912,  Bulletin  No.  40,  pages  1-188. 

Extended  tests  have  been  made  to  determine  the  conditions  necessary 
tor  the  smokeless  combustion  of  bituminous   coal  in  boiler-furnaces. 

In  a  previous  Bulletin  (No.  39),  the  smoke  problem  has  been  treated  from 
a  theoretical  point  of  view,  and  details  given  of  the  steps  that  are  being 
taken  by  municipalities,  manufacturers,  and  citizens  to  abate  smoke.  The 
present  Bulletin  not  only  shows  that  bituminous  coals  high  in  volatile 
matter  can  be  burned  without  smoke,  but  also  that  large  plants  carrying 
loads  that  fluctuate  widely,  where  boilers  over  banked  fires  must  be  put 
into  service  quickly  and  fires  forced  to  the  caj^acity  of  their  units,  can  be 
operated  without  producing  smoke  that  is  objectionable.  Proper  equipment, 
efficient  labour,  and   intelligent    supervision   are   the   necessary   factors. 

Some  general  conclusions  from  the  facts  set  forth  in  this  volume  are 
as  follows: — (1)  The  flame  and  the  distilled  gases  should  not  be  allowed 
to  come  into  contact  with  the  boiler-surfaces  until  combustion  is  complete. 
(2)  Firebrick  furnaces  of  sufficient  length  and  a  continuous  or  nearly  con- 
tinuous supply  of  coal  and  air  to  the  fire  make  it  possible  to  burn  most  coals 
efficiently  and  without  smoke.  (3)  Coals  maintaining  a  large  percent-age  of 
tar  and  heavy  hydrocarbons  are  difficult  to  burn  without  smoke,  require 
special  furnaces,  and  more  than  ordinary  care  in  firing.  (4)  Briquettes  are 
suitable  for  use  under  power-plant  conditions  when  burned  in  a  reasonably 
good  furnace  at  the  temperatures  at  which  such  furnaces  are  usually 
operated.  In  such  furnaces  briquettes  generally  give  better  results  than  the 
same  coal  when  burnt  raw.  (5)  In  ordinary  boiler-furnaces  only  coals  high 
in  fixed  carbon  can  be  burnt  without  smoke,  except  by  expert  firemen  using 
more  than  ordinary  care  in  firing.  (6)  Combinations  of  boiler-room  equip- 
ment suitable  for  nearly  all  power-plant  conditions  can  be  selected,  and  can 
be  operated  without  objectionable  smoke  when  reasonable  care  is  exercised. 
(7)  Of  tlic  existing  plants  some  can  be  remodelled  to  advantage.  Others 
cannot,  bui  must  continue  to  burn  coals  high  in  fixed  carbon  or  to  burn 
other  coals  with  inefficient  results,  accompanied  by  more  or  less  annoyance 
from  smoke.  In  these  cases  a  new  well-designed  plant  is  the  only  solution 
of  the  difficulty.  (8)  Large  plants  are  for  obvious  reasons  usually  operated 
more  economically  than  small  ones,  and  the  increasing  growth  of  central 
plants  offers  a  solution  of  the  problem  of  procuring  heat  and  power  at  a 
reasonable  price  and  without  annoyance  from  smoke.     (9)  The  increasing  use 
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of  coke  from  bye-product  coke-plants  in  sections  tfhere  soft  coal  was  previ- 
ously used,  the  use  of  gas  for  domestic  purposes,  and  the  purchase  of  heal 
from  a  central  plant  in  business  and  residential  sections  all  have  their 
influence  in  making-  possible  a  clean  and  comfortable  city.        A.  P.  A.  S. 


Incidental  Problems  in  Gas-producer  Tests. — By  R.  H.  Fernald,  C.  D. 
Smith,  J.  K.  Clement,  and  H.  A.  Grine.  Bur.  Mines,  1911,  Bulletin 
No.  31,  pages  1-29. 

As  part  of  its  investigation  of  methods  of  increasing  the  efficiency  of  fuel 
resources,  the  Bureau  of  Mines  is  continuing  the  study  of  the  general  prob- 
lems involved  in  the  ecouomic  use  of  fuels  in  gas-producers  that  were  carried 
out  by  the  Technological  Branch  of  the  United  States  Geological  Survey.  In 
the  course  of  this  study  many  incidental  problems  of  prime  importance  have 
demanded  consideration.  Among  them  is  the  determination,  under  practically 
constant  conditions,  of  the  duration  of  gas-producer  tests  necessary  to  reduce 
the  possible  error  to  a  minimum.  A  discussion  of  this  pioper  length  of  test 
period  forms  the  first  part  of  this  Bulletin. 

An  attempt  to  dispel  some  of  the  uncertainties  that  arise  in  an  investi- 
gation, or  to  account  for  some  of  the  minor  phenomena,  often  necessitates  a 
systematic  and  careful  study  of  certain  chemical,  thermodynamic,  or  physical 
laws,  or  a  combination  of  these,  which  in  turn  may  result  in  information  or 
conclusions  of  great  value.  Furthermore,  seemingly  unimportant  observations 
often  prove  to  bear  directly  upon  the  design,  construction,  or  manipulation 
of  the  machine  under  test. 

In  attempts  to  improve  the  gas-producer,  considerable  attention  has  been 
given  by  manufacturers  to  such  questions  as  fixing  or  isolating  the  com- 
bustible components  of  the  tar,  utilizing  the  waste-heat  of  the  producer  for 
the  generation  of  the  steam  required  by  the  plant,  applying  the  suction 
principle  to  bituminous  coal  and  other  tarry  fuels,  and  many  allied  subjects. 
Little  study,  apparently,  has  been  given  to  the  physical  and  chemical  condi- 
tions most  suitable  to  the  formation  of  hydrogen  and  of  carbon  monoxide, 
with  a  view  to  the  regulation  of  the  percentages  of  these  gases  in  generators 
using  fuels  other  than  anthracite  or  charcoal. 

The  second  part  of  the  report  is  limited  to  preliminary  physico-chemical 
studies  :  these,  however,  are  sufficiently  significant  to  warrant  careful  exam- 
ination pending  more  complete  researches,  which  are  being  carried  on  at  the 
station  located  in  Pittsburg. 

The  following  is  a  summary  of  the  results  arrived  at  in  the  investigation  :  — 

(1)  Temperature-observations  were  made  and  gas-samples  taken  in  differ- 
ent parts  of  the  fuel-bed  of  the  gas-producers.  The  temperature  was  found 
to  be  highest  at  the  bottom  of  the  fuel-bed,  and  to  decrease  from  this  point 
to  1  he  top  of  the  bed. 

(2)  The  temperature  of  the  inner  region  of  the  fuel-bed  was  found  to  be 
300°  or  400°  Cent,  lower  than  that  of  the  outer  layers.  A  corresponding 
inferiority  in  the  quality  of  the  gas  in  the  centre  of  the  producer  could  not  be 
established—  probably  on  account  of  the  defective  method  of  sampling. 

(3)  It  has  been  suggested  that,  by  an  improvement  in  the  method  of 
admitting  the  draught  to  the  fuel-bed,  a  more  uniform  distribution  of 
temperature,  and  consequently  a  gain  in  the  capacity  of  the  producer  and  in 
the  quality  of  the  gas,  might  be  obtained. 
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(4)  Reference  has  been  made  to  recent  experiments  by  one  of  the  authors 
which  have  established  1,300°  C.  as  the  lower  limit  of  temperature  for  the 
formation  of  a  gas  rich  in  carbon  monoxide.  A.  P.  A.  S. 


Electrical  Switches  for  Use  in  Gassy  Mines. —  By  H.  H.  Clark  and  R.  W. 
Crocker.     Bur.  Mines,  1913,  Bulletin  No.  68,  pages  1-38. 

The  jmrpose  of  the  investigation  discussed  in  this  Bulletin,  one  of  a 
series  dealing  with  the  use  of  electricity  in  mines,  was  to  study  the  various 
means  and  methods  used  to  confine  the  flashes  that  occur  when  a  switch 
carrying  electric  current  is  opened.  The  flash  resulting  from  the  opening  of  a 
250-volt  direct-current  circuit  carrying  more  than  half  an  ampere  will  ignite 
explosive  mixtures  of  mine  gas  and  air.  An  equally  dangerous  flash  may  be 
produced  by  even  less  current  from  a  500-volt  circuit.  Few  mine  electric 
circuits  carry  less  than  half  an  ampere  when  in  use.  The  need  of  protecting 
the  switches  of  such  circuits  in  places  where  gas  is  likely  to  be  present  is, 
therefore,  obvious. 

Two  general  methods  have  been  proposed  for  preventing  switching  flashes 
from  igniting  gas  surrounding  the  switch.  One  method  is  to  enclose  the 
switch  in  a  casing  provided  with  openings  that  are  covered  with  wire-gauze, 
or  otherwise  designed  and  equipped  for  preventing  the  passage  of  flames  from 
the  interior  to  the  exterior  of  the  switch-casing.  Switches  so  protected  are 
called  "explosion-proof  switches."  The  second  method  is  to  immerse  the 
switch-contacts  in  oil,  to  a  depth  sufficient  to  quench  any  flash  that  may  occur 
when  the  switch  is  operated.     Switches  so  protected  are  called  "  oil-switches." 

The  success  of  the  first  method  of  protection  depends  upon  the  proper 
design  and  construction  of  a  switch-casing.  It  is  essential  to  the  successful 
operation  of  the  second  method  that  the  switch-contacts  are  surrounded  by 
the  proper  kind  of  oil  in  good  condition.  There  are  several  ways  in  which 
an  oil-switch  may  be  deprived  of  its  jjrotective  feature.  The  oil-tank  may 
not  be  filled,  or,  if  filled,  the  oil  may  leak  out  or  be  spilled.  The  oil-tank 
may  be  removed  (in  some  designs)  and  not  replaced,  or  through  neglect  the 
condition  of  the  oil  may  become  such  that  it  is  no  longer  an  efficient  protec- 
tion. "While  such  contingencies  are  not  likely  to  occur,  and  although  oil- 
switches  may  be  so  designed  that  the  loss  of  oil  is  not  probable,  nevertheless, 
as  compared  with  oil-switches,  exjnosion-proof  switches  seem  to  possess  a 
greater  element  of  safety,  because  their  protective  features  are  inherent  in 
thir  construction,  and  for  that  reason  are  not  likely,  when  needed,  to  be 
missing  or  impaired  if  the  mechanical  construction  of  the  switches  is 
sufficiently  durable.  Moreover,  switches  of  the  explosion-proof  type  can  be  so 
designed  that  the  condition  of  their  protective  features  may  be  readily 
observed  each  time  that  the  switches  are  operated.  A.  P.  A.  S 


METALLURGY,  CHEMICAL  INDUSTRIES,  ETC. 

Recovery  of  Copper  from   Poor  Ores. — By  Frd.  Freise       (Esterr.  Zeitschr. 
f.  Berg-  u.  Hiittenwes.,  1913,  vol.  Ixi.,  page  15. 

The  ores  treated  contained  53  per  cent,  of  quartz,  from  which  they  were 
freed  by  alternately  freezing  and  heating,  and  broken  up  by  pulverizing 
thcni  in  a  revolving  drum.  Two  kind.s  of  ore  were  tested,  namely,  carbon- 
ate  and    sulphur   compounds.     The   carbonate  compounds   were   treated    with 
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either  sulphuric  acid  or  ammonia.  In  the  first  process  the  ore  was  pre- 
cipitated with  two-and-a-half  times  its  weight  of  iron,  and  14'7  per  cent, 
of  copper  wae  recovered.  Much  sulphur  and  carbonic-acid  gas  were  liberated. 
The  process  cannot  be  worked  at  a  profit,  unless  there  is  a  market  for  these 
bye-products,  and  a  separate  chemical  plant  for  their  recovery  can  be  dis- 
pensed  with.  The  extraction  of  copper  by  ammonia  is  simple,  and  can  be 
continuously  carried  out;  but  it  is  costly,  because  a  large  quantity  of 
ammonia  is  required. 

To  extract  copper  from  sulphur  compounds  necessitates  the  use  of  cyanide 
of  potassium,  and  although  these  ores  contain  11  per  cent,  of  malachite 
and  azurite,  the  process  is  too  costly  to  be  available  except  under  special 
conditions.  E.  M.  D. 


Roasting  Spathic  Iron  by  Forced  Draught. — By  W.  Lent  (Est err.  Zeitschr. 
f.  Berg-  u.  Huttenwes.,  1913,  vol.  lxi.,  pages  326-328. 

In  many  ironworks  it  has  been  found  advisable  to  increase  the  daily 
output  of  calcined  ore.  This  can  only  be  done  in  one  of  two  ways — either 
by  raising  the  efficiency  of  the  existing  furnaces,  or  by  building  more.  The 
latter  is  the  plan  usually  followed,  but  it  entails  the  cost  of  multiplying  not 
only  the  furnaces,  but  also  the  rails,  charging  hoppers,  and  other  appliances 
to  feed  in  the  ores. 

The  writer  prefers  the  first  system.  He  advocates  the  use  of  forced 
draught,  in  order  to  secure  a  much  higher  furnace  efficiency,  and  shows  in 
a  series  of  diagrams  the  results  obtained  in  a  large  foundry  in  Austria, 
where  the  charge  in  each  furnace  was  100  tons  of  ore  per  day.  With 
natural  draught  the  yield  was  70  tons  of  calcined  ore  per  24  hours,  and  it 
was  desired  to  increase  this  output  by  60  per  cent.  The  writer  claims  that 
this  has  been  done  by  the  use  of  forced  draught,  without  increased  consump- 
tion of  fuel.  In  an  ordinary  furnace  for  calcining  spathic  iron-ore,  pieces 
less  than  TV  inches  cannot  be  treated.  If  even  a  small  percentage  of  ore 
below  that  size  is  fed  in,  combustion  is  checked,  and  the  furnace  eventually 
becomes  clogged,  and  cannot  be  worked.  This  necessitates  careful  sorting 
of  the  ore,  and  calculation  of  the  quantities  for  the  fluxes,  as  well  as  special 
handling  at  the  mine.  Large  quantities  of  small  coal,  which  cannot  be 
used,  accumulate  at  the  pit's  mouth,  and  it  has  even  been  found  necessary 
to  close  some  of  the  mines,  where  the  ore  dug  is  very  friable. 

The  writer  claims  that  these  difficulties  can  be  obviated  by  the  use  of 
forced  draught.  He  shows  that  under  the  usual  working  conditions,  namely, 
with  no  ore  below  1\  inches  in  size  in  the  charge,  forced  draught  greatly 
increases  the  efficiency  or  the  yield  of  calcined  ore,  and  further  that,  with  a 
charge  containing  from  35  to  40  per  cent,  of  the  smaller  ores,  a  furnace  worked 
by  forced  draught  gives  the  same  efficiency  as  when  worked  by  natural 
draught,  and  no  small  ore  in  the  charge.  The  quantity  and  quality  of  fuel 
Deed  was  in  both  cases  the  same.  The  amount  of  draught  required  depends 
on  local  conditions,  such  as  the  construction  of  the  furnace,  nature  of  ore 
to  be  treated,  and  combustible  used,  all  of  which  must  be  carefully  studied. 

The  writer  confidently  anticipates  a  gain  of  GO  per  cent,  in  calcined 
ore  per  furnace,  and  considers  that  the  careful  sorting  of  the  ore  now 
necessary  may  possibly  be  dispensed  with,  especially  in  mines  yielding  much 
small    ore.  E.  M.  D. 
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Electric  Furnaces  for  Making-    Iron   and    Steel. — By  Dorset  A.   Lyon   and 
Kobert  M.  Keeney.     Bur.  Mines,  1914,,  Bulletin  No.  67,  pages  1-142. 

In  the  enquiries  and  investigations  which  the  Bureau  of  Mines  is  making 
with  a  view  to  increasing  safety,  efficiency,  and  economic  development  in  the 
metallurgical  industries,  the  application  of  electricity  to  various  processes, 
and  especially  to  those  in  the  manufacture  of  iron  and  steel,  is  receiving 
attention.  Some  results  of  the  work  already  done  are  presented  in  this 
Bulletin,  which  gives  a  historical  review  of  the  development  of  electric 
furnaces  for  making  iron  and  steel,  and  discusses  the  problems  that  remain 
to  be  solved  in  the  use  of  electric  furnaces  for  the  smelting  of  iron-ores  and 
the  production  of  pig-iron  at  a  profit  on  a  commercial  scale. 

The  purpose  of  the  second  part  of  the  report  is  to  present  a  brief  historical 
review  of  the  development  of  the  electric-furnace  manufacture  of  steel  up  to 
the  present  time ;  to  describe  in  detail  the  types  of  electric  furnaces  in  com- 
mercial operation  for  the  manufacture  of  steel  and,  in  general,  types  which 
have  not  yet  attained  wide  use ;  to  give  a  description  of  the  practice  of 
European  and  American  electric-furnace  steel-plants  that  were  recently  visited 
by  the  writers;  to  compare  in  a  general  way  the  different  types  of  furnaces 
and  the  more  established  methods  of  steel-manufacture  with  the  electric- 
furnace  process;  and  to  discuss  various  problems  of  the  electric-furnace 
manufacture  of  steel,  and  the  possible  future  developments  of  the  process. 

A.  P.  A.  S. 


Experiments  on  Galvanized  Wires. — By  B.  Fleissner.     (Esterr.  Zeitschr.  f. 
Berg-  u.  Hiittenwes.,  1913,  vol.  lxi.,  pages  379-396. 

It  is  usual  to  cover  iron  and  steel  wires  with  a  coating  of  zinc,  in  order 
to  prevent  their  corrosion  when  exposed  to  the  air,  and  the  writer  studies  the 
question  whether  the  zinc  solution  should  be  deposited — in  other  words, 
whether  the  metal  should  be  galvanized — hot  or  cold.  There  are  three  hot 
processes  and  one  cold  process.  Two  of  the  hot  systems,  the  Sherard  and  the 
Cowper-Coles,  are  used  dry.  The  writer  directs  his  attention  mainly  to  the 
other  hot  process,  in  which  the  iron  or  steel  is  dipped  in  a  hot  solution  of  zinc, 
and  to  the  cold  system,  in  which  zinc  is  deposited  on  the  iron  or  steel  wire,  in 
the  same  way  as  silver  in  an  electroplating  bath.  In  either  case  the  zinc  forms 
one  of  the  electrodes.  In  his  opinion  the  cold  method  gives  a  stronger  and 
more  uniform  coating,  and  one  better  able  to  resist  the  action  of  the  air : 
other  experts  consider  the  hot  solution  to  be  preferable  for  wire.  The 
writer  thinks,  however,  that,  even  with  wire,  cold  galvanizing  is  more  satis- 
factory, and  that  it  should  always  be  used  where  the  wires  are  exposed  to 
much  strain. 

To  determine  which  of  the  two  systems  has  been  employed  in  any  given 
case,  he  proposes  to  test  the  galvanized  wire  under  a  microscope  in  three 
different  ways.  If  the  smoothness  of  the  wh'e  be  considered,  and  certain 
patterns  are  found  traced  on  it,  these  are  due  to  the  cooling  of  the  galvaniz- 
ing liquid,  and  show  that  the  wire  has  been  treated  by  the  hot  process. 
Another  method  is  to  examine  the  wire  tailings  under  the  microscope,  when 
the  grain  of  the  iron  can  be  seen,  the  presence  of  alloys  or  iuqmrities  detected, 
and  the  exact  thickness  of  the  galvanized  coating  determined.  The  third  and 
most  important  test  is  to  study  the  galvanized  wire  after  it  has  been  exposed 
to  severe  strain,  such  as  bending,  stretching,  etc.  For  siich  work  cold 
galvanizing   is   undoubtedly   to  be   preferred,   because   it   produces   a   greater 
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and  mure  even  thickness  of  the  layer  of  zinc.     This  test  for  tensile  strength, 

in  the  writer's  opinion,  conclusively  proves  the  superiority  of  the  cold  over 

the  hot  galvanizing  process.  E.  M.  D. 


Effect  of  Oxygen    in  Coal.- By    David    White.      Bur.   Mines,  1911,  Bulletin 
No.  29,  pages  1-80. 

This  papei  is  the  result  of  a  comparative  study  of  ultimate  coal-analyses 
made  and  published  by  the  United  States  Geological  Survey.  This  study,  at 
first  casually  undertaken  to  devise  an  acceptable  classification  of  coals  based 
on  chemical  analyses,  was  continued  in  connexion  with  the  microscopic  exam- 
ination of  a  number  of  the  coals.  The  initial  comparisons,  made  from  a 
relatively  small  number  of  analyses,  not  only  confirmed  a  previous  conviction 
that  the  elimination  of  oxygen  incident  to  the  development  of  a  coal  is 
economically  far  more  important  than  has  been  generally  suspected,  but  also 
showed  that  oxygen  is  very  nearly  as  harmful  as  ash  in  coal. 

The  immediate  purposes  of  the  present  study  were  :  (a)  to  determine  more 
definitely,  from  a  comparative  examination  of  a  large  number  of  ultimate 
analyses,  the  relative  importance  of  oxygen  as  an  impurity  in  various  coals; 
(o)  to  illustrate  the  transition  between  various  grades  of  coal  of  similar 
origin — transition  mainly  due  to  progressive  devolatilizatiou,  brought  about 
more  or  less  directly  by  dynamic  influences;  (c)  to  ascertain  the  relative 
proportions  of  oxygen,  hydrogen,  and  carbon  in  coking  coals,  especially  with 
reference  to  a  theory  tentatively  framed  to  explain  the  coking  quality;  and 
(d)  to  forecast  the  probabilities  of  successfully  treating  a  large  number  of 
coals  so  as  to  render  them  amenable,  in  a  softened  condition,  to  satisfactory 
study  under  the  microscope. 

Although  the  hypothesis  as  to  coking  quality  finds  but  partial  support  in 
the  chemical  analyses,  its  consideration  has  led  to  a  method  of  predicting 
from  an  analysis  with  a  fair  degree  of  certainty  whether  any  given  coal  will 
coke  by  the  ordinary  process.  The  unbroken  transition  between  coals  origin- 
ally similar,  but  now  classed  in  widely  different  groups,  whether  of  the  same 
age  or  of  different  ages,  as  a  result  of  dynamo-chemical  action,  appears 
to  be  demonstrated  by  the  analyses  as  well  as  by  field  observation. 

The  great  number  of  ultimate  analyses  published  by  the  Survey,  covering 
samples  of  coals  of  so  many  sorts  collected  throughout  the  wide  range  of 
American  coalfields,  furnishes  an  unrivalled  wealth  of  analytical  data  con- 
cerning the  fuels  of  the  country;  and  the  fact  that  all  are  made  under  one 
highly  expert  direction,  and  are  .standardized,  renders  them  especially  valu- 
able for  comparative  study. 

The  results  arrived  at  in  the  investigation  are  summarized  as  follows  : — ■ 

(1)  Coals  with  high  oxygen  and  low  ash  will,  in  general,  have  very 
nearly  the  same  efficiency  in  the  calorimeter  as  other  coals  with  alternated 
percentages,  low  oxygen,  and  high  ash,  if  the  total  carbon  is  the  same.  This 
applies  to  both  air-dried  and  moisture-free  coals. 

(2)  Oxygen  and  ash  are  of  veiy  nearly  equal  anti-calorific  or  negative 
value,  ash  probably  being  slightly  more  injurious  in  most  coals;  the  negative 
value  of  the  oxygen  of  moisture  is  not  far  different  from  that  of  the  oxygen 
combined  in  the  coal. 

(3)  The  calorific  value  of  coals  in  general  is  essentially  indicated  by  the 
balance  between  the  total  carbon  on  the  one  hand,  and  the  sum  of  the  two 
great  impurities,  oxygen  and  ash,  on  the  other:  the  hydrogen,  nitrogen,  and 
sulphur  being  usually  negligible  as  "  constants." 
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(4)  Except  in  the  presence  of  unusual  variations  of  hydrogen  or  sulphur, 
the  efficiencies  of  the  coals,  if  ash  be  constant,  rank  nearly  in  the  order  of 
the  ratios  C:0,  which  in  each  kind  of  coal  marks  the  progress  of  coal 
formation  under  dynamochemical  influences. 

(5)  Oxygen  and  ash  being  of  approximately  equal  anti-calorific  potency, 
the  efficiencies  of  the  coals  conform  fairly  closely  to  the  other  of  the  ratios 
C:(0  +  ash),  so  that  among  coals  of  all  kinds  those  having  the  same  ratios 
are  found  to  possess  much  the  same  efficiency.  The  causes  of  the  greater 
departures  are  mentioned  in  the  next  paragraph. 

(6)  A  miscellaneous  series  of  all  kinds,  ages,  and  regions,  when  plotted 
according  to  the  C:(0  +  ash)  ratios  and  calorific  values  as  components, 
describe  a  curve  to  which  they  conform  very  closely,  the  average  variation 
being  less  than  1  per  cent,  of  the  calorific  value.  The  greatest  variations  are 
among  (a)  weathered  coals,  (b)  those  having  79  per  cent,  or  more  of  fixed 
carbon  in  pure  coal — that  is,  those  undergoing  anthracitization — and  (c)  the 
boghead-cauuel  group,  in  which  the  hydrogen  is  excessively  high,  so  that  the 
efficiencies  describe  a  higher  curve  characteristic  of  the  group. 

(7)  The  departures  from  the  ratio-efficiency  curve  on  account  of  unusually 
high  or  low  available  hydrogen  are  generally  not  considerable.  High  sulphur 
is  usually  attended  and  compensated  by  high  hydrogen,  the  converse  being  true 
to  a  less  extent.  Unusually  high  sulphur  acts,  on  the  whole,  as  a  dilutent, 
while  very  low  sulphur  leaves  the  relative  field  to  the  heat-determining 
elements.  Consequently,  the  variations  from  the  curve  on  account  of  the 
neglected  constants — hydrogen,  sulphur,  and  nitrogen — are  rarely  over  2  per 
cent.,  unless  in  the  exceptions  noted  in  paragraph  6. 

(8)  Tyjoes  of  coals  are  initially  determined  by  the  nature  of  the  ingredient 
matter,  the  conditions  of  deposition,  and  the  extent  of  operation  of  the 
first  or  biochemical  process  in  coal-making;  but  progressive  devolatilization, 
lithification,  cleavage,  and  other  accompanying  alterations  result  from  the 
second  or  dynamochemical  stage  of  coal-formation,  which  in  each  kind  removes 
the  essential  distinctions  of  age  or  region,  even  tending  ultimately  to  obliter- 
ate the  differences  in  kind.  Consequently,  any  classification  of  coals  based  on 
the  present  form  of  ultimate  analysis  must  be  arbitrarily  defined.  Theie 
is  intergradation  in  all  parts  of  the  process  of  coal-conversion  and  coal- 
alteration,  as  well  as  in  the  ingredient  matter  and  conditions  of  deposition. 

(9)  The  weathering  of  the  lower  grades  of  coal,  esjieeially  the  lignites, 
bituminous  coals,  and  peats,  is  marked  by  the  accession  of  oxygen,  which  is 
^aken  into  combination.  This  increase  of  the  oxygen  contents,  which  seems 
to  indicate  lack  of  equilibrium  in  the  hydrocarbon  compounds  of  the  normal 
coal,  readily  permits  a  calorific  deficiency,  which,  on  account  of  the  high 
anticalorific  value  of  oxygen,  is  often  serious.  It  is  possible  that  in  many 
cases  considerable  increase  of  oxygen  and  consequent  loss  of  efficiency  are 
suffered  by  the  lower-class  fuels  between  removal  from  the  bed  and  deposits 
in  the  grate  of  the  chemical  crucible. 

(10)  The  adaptability  of  a  coal  to  coking  by  the  ordinary  process  appears 
to  be  indicated  with  a  fair  degree  of  certainty  by  the  ratio  of  the  hydrogen 
to  the  oxygen  moisture-free  basis.  Practically  all  coals  with  H:0  ratios 
of  59  (per  cent.)  or  over  seem  to  possess  the  quality  of  fusion  and  swelling 
necessary  to  good  coking.  Most  coals  with  ratios  down  to  55  will  make 
coke  of  some  kind,  while  a  few  coals  with  ratios  as  low  as  50  coke  in  the 
beehive  oven,  a  11  bough  very  rarely  producing  a  good  article.  The  coking 
property  seems  to  depend,  not  so  much  on  the  amount  of  available  hydrogen 
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(which  is  a  very  imperfect  index  of  the  proportion  of  the  elements  in  the 
volatile  matter),  as  on  the  relative  amount  of  the  hydrogen  as  compared  with 
that  of  the  oxygen.  In  those  coals  undergoing  change  to  anthracite,  the 
hydrogen-oxygen  ratio  may  fail  as  a  guide;  the  failures  appear,  however,  to 
li"  readily  distinguished  by  the  marked  calorific  deficieuces  shown  by  the 
C:(0  +  ash)  ratio  and  efficiency  curve.  The  data  examined,  although  insuffi- 
cient ti>  serve  as  a  basis  for  a  conclusion,  seem  to  point  toward  the  need  of  a 
relatively  high  carbon  element  in  the  remaining  volatile  substance  of  coals 
with  79  per  cent,  or  more  of  fixed  carbon  (pure  coal),  in  order  to  secure  either 
the  best  coking  results  or  the  calorific  efficiency  indicated  by  the  C:(0  +  ash) 
ratio-efficiency  curve. 

A.  P.  A.  S. 


ADMINISTRATION   AND   STATISTICS. 

First  Aid  to  the   Injured   in   Mines. — By  Dr.  A.  Kruz.     (Esterr.  Zeitschr.  f. 
Berg-  u.  Hiittenwes.,  1913,  vol.  lxi.,  pages  505-506. 

The  writer  strongly  deprecates  the  use  in  inexperienced  hands  of  the 
antiseptic  treatment  of  wounds,  and  advocates  aseptic  methods,  that  is,  simply 
cleansing  the  wound,  instead  of  dressing  it  with  strong  and  often  dangerous 
chemicals.  To  clean  a  wound  by  washing  it  with  pure  water  is  far  safer  and 
bettor  than  to  treat  it  with  antiseptic  remedies,  which  are  frequently  poison- 
ous. If  such  i-emedies  must  be  used,  however,  he  advises  the  application  of 
carbolic  acid,  but  even  this  should  be  avoided  if  possible.  Miners'  wouuds 
are  often  contaminated  with  earth,  sand,  or  dust,  and  as  pure  or  boiled  water 
can  seldom  be  procured  in  a  mine,  where  first  aid  must  be  rendered,  a  weak 
solution  of  acetate  of  alumina  and  boracic  acid,  or  of  the  latter  alone,  should 
therefore  be  used,  and  the  wound  bound  up  with  sterilized  gauze. 

In  the  writer's  opinion  the  whole  subject  of  first  aid  in  mines  requires 
revision.  Definite  instruction  in  first  aid  should  be  issued  to  the  mining 
authorities,  and  the  value  of  aseptic  treatment  explained.  He  also  suggests 
that  a  store  of  the  same  kind  of  medicaments  should  be  supplied  to  all  mines, 
and  boracic  acid  and  sterilized  gauze  kept  in  stock.  E.  M.  D. 


Legal    Liabilities    under  the    Proposed    Workmen's    Compensation   Act. — 

By   E.    Marschner.      CEsterr.    Zeitschr.   f.    Berg-   u.    Hiittenwes.,   1913, 

vol.  lxi.,  pages  281-303. 
The  writer,  who  is  a  director  of  the  Bohemian  Workmen's  Accident 
Insurance  Society,  and  has  had  nineteen  years'  experience  in  the  legal 
administration  of  business,  is  of  opinion  that  the  laws  regarding  workmen's 
insurance  require  modification  in  some  respects.  Many  have  been  enacted 
during  the  last  quarter  of  a  century,  most  of  them  with  more  reference  to 
railway  than  to  mining  accidents,  and  these  should,  he  thinks,  be  revised. 
As  regards  the  railway  authorities,  the  law  holds  that  they  are  directly 
responsible  for  an  accident,  unless  caused  by  vis  major  (act  of  God),  action 
of  a  third  person  not  under  their  control,  or  by  the  injured  person  himself. 
Of  late  years  another  factor  has  been  added  to  this  complicated  question, 
namely,  the  insurance  societies,  who  occupy  an  intermediate  position 
between  employers  and  their  staff.  As  they  receive  payment  from  the 
latter,   they  are  bound   to  compensate  them    if   injured,   or  their   dependants 
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in  case  of  death.  According  to  the  latest  legislation,  employers  are  com- 
pelled to  pay  compensation,  by  whomsoever  the  accident  is  caused,  even 
if  due  to  pure  chance :  hence  they  must  recover  damages  from  the  society 
iu  which  their  injured  employe  is  insured.  Their  own  payment  should, 
the  writer  considers,  lie  confined  to  the  difference  between  what  is  due 
as  compensation  under  the  civil  law  and  the  actual  claim  for  bodily 
iujury.  The  special  circumstances  of  the  mining  industry  seem  to 
necessitate  some  modification  of  existing  regulations,  especially  the  earlier 
enactments.  In  a  recent  legal  decision,  for  instance,  it  was  held  that, 
unless  the  employer  had  himself  caused  the  accident,  certain  laws  relating 
to  workmen's  accident  insurance  did  not  apply.  This  judgment  greatly 
limited  the  number  of  cases  in  which  full  compensation  was  claimed;  its 
effect,  in  fact,  was  practically  to  abolish  the  distinctions  hitherto  made 
between  the  claim  of  the  injured  at  common  law  and  his  accident  insurance 
claim.  The  whole  burden  of  meeting  the  claim  fell  upon  the  society,  instead 
of  being  divided,  as  is  usual  in  Austria,  between  them  and  the  employer. 
The  only  remedy  of  the  society  is,  as  far  as  possible,  to  recover  the  amount 
from  the  employer.  E.  M.  D. 


Danger  of   Drawing  Water  for  Domestic   Purposes  from    Mines. — By   W. 

Hanatjer.      CEsterr.   Zeitschr.   f.    Berg-    u.   Hiittenwes.,   1913,  vol.   lxi., 
pages  481-482. 

In  1909,  a  typhoid  epidemic  broke  out  at  Altwasser,  in  Silesia,  and  carried 
off  79  people  out  of  a  total  of  659  cases.  The  writer  thinks  it  well  to  give  a 
word  of  warning,  because  the  epidemic  was  traced  to  the  water  supplied 
from  a  disused  coal-mine  at  Waldenburg.  The  water  was  not  originally 
intended  for  use  in  the  town;  it  had  been  pumped  out  to  clear  the  mine,  and 
run  off  by  gravity  down  the  slope  of  the  mountain.  As  the  supply  was  cheap 
and  abundant,  the  municipality  utilized  it  after  the  mine  had  been  abandoned, 
without  considering  the  possible  consequences.  Such  a  mine  would  be  full  of 
broken  timber,  and  debris  from  shafts  and  roadways  which  had  fallen  in. 
Much  the  same  risk  would  be  incurred  if  the  water  were  drawn  from  a  mine 
that  was  still  worked.  The  writer  does  not  intend  to  convey  the  impression 
that  water  from  a  mine  should  never  be  used  for  ordinary  purposes — on 
economic  grounds  such  a  rejection  would  be  wasteful,  and,  if  proper  super- 
vision were  exercised,  no  harm  would  be  done — but  he  considers  that  a  word 
of  warning  is  needed,  since  water  from  such  a  source  requires  constant  and 
careful  watching,  and  therefore  those  using  it  should  be  put  on  their  guard 
against  possible  dangers.  E.  M.  D. 


LIST   OF   EXPLOSIONS,    1913. 
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II.— LIST  OF  FATAL  AND  NON  -  FATAL  EXPLOSIONS  OF 
FIREDAMP  OR  COAL-DUST,  AND  BAROMETER,  THER- 
MOMETER, etc.,  READINGS  FOR  THE  YEAR  1913. 


Compiled  by  PERCY  STRZBLECKI. 


The  barometer,  thermometer,  etc.,  readings  have  been  supplied  by  the 
permission  of  the  authorities  of  Glasgow  and  Kew  Observatories,  and  give 
some  idea  of  the  variations  of  atmospheric  temperature  and  pressure  in  the 
intervening  districts  in  which  mining  operations  are  chiefly  carried  on  in 
the  United  Kingdom. 

The  barometer  at  Kew  is  34  feet  and  at  Glasgow  180  feet  above 
sea-level.  The  barometer  readings  at  Glasgow  have  been  reduced  to  32 
feet  above  sea-level,  by  the  addition  of  0*150  inch  to  each  reading,  and  the 
barometrical  readings  at  both  observatories  are  reduced  to  32°  Fahr. 

The  statistics  of  fatal  and  non-fatal  explosions  have  been  obtained 
from  H.M.  Divisional  Inspectors  of  Mines. 

The  times  recorded  are  Greenwich  mean  time,  in  which  midnight 
equals  0  or  24  hours. 


Table  I.— Summary  of  Explosions  of  Firedamp  or  Coal-dust  in  the 
several  Mines-inspection  Divisions  during  1913. 


Mines-inspection  Division. 

Fatal  Accidents. 

Non-fatal  Accidents. 

No. 

Deaths. 

Injured. 

No. 

Injured. 

0 
0 

20 

19 

50 
19 
10 

|  "Liverpool    and     Ninth 
J         Wales  District 

j  *Manchester  and  Ireland 
(        District 

Midland  and  Southern   ... 

Northern  ... 

Scotland    ... 

South  Wales 

York  and  North  Midland 

Totals      

0 
0 

1 

0 

I 

5 

2 

0 
0 

1 

0 

7 

451 

3 

0 

0 

0 
0 
3 
29 
0 

0 
0 

13 

14 

39 

17 

6 

12 

462 

32 

89 

118 

*  Will  be  amalgamated  to  form  the  Lancashire,  North  Wales,  and  Ireland  Division. 
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Table    II. — List   of    Fatal    Explosions   of    Firedamp    or    Coal-dust    in 
Collieries  in  the  several  Mines-inspection  Divisions  during  1913. 


1913. 

Colliery. 

County. 

Mines-inspection 
Division. 

Deaths. 

No.  of 
Persons 
Injured. 

1912. 

*July    9.  11-0 

Cadebv  Main 

York 

York  and  North 

1 

0 

1913. 

Midland 

Jan.   15,    7-30 

Cape  ... 

Glamorgan    ... 

South  Wales... 

1 

1 

,.    26,    0-30 

Bardykes 

Lanark 

Scotland 

1 

3 

Feb.    7,    8-30 

Swinhill 

Lanark 

Do. 

1 

0 

April  27,  21-0 

Hoi  brook 

Derby 

York  and  North 
Midland 

2 

0 

Aug.    7,   7-30t 

Fenrushill     (No.    22 
Pit) 

Ayr     

Scotland 

2 

0 

Oct.     5.  13-15 

Dysart  (Frances  Pit) 

Fife    

Do. 

3 

o 

..     11.    8-15 

Senghenvdcl  ... 

Glamorgan    ... 

South  Wales.. 

439 

27 

..     18,  10-30 

Glvnea 

Carmarthen  ... 

Do. 

8 

1 

.,     20,  14-5 

Rig  Pit           

Monmouth     ... 

Do. 

1 

0 

Nov.    5.  23-30 

Coneygre 

Stafford 

Midland  and 
Southern 

1 

0 

Dec.  28,  23-tO 

Great  Western  (Xo.  3 
Pit) 

Glamorgan    ... 

South  Wales  .. 

2 

0 

462 

32 

Died  on  March  25th,  1913. 


t  Exact  time  doubtful. 


Table  III.— List  of  Non-fatal  Explosions  of  Firedamp  or  Coal-dust  in 
Collieries  in  the  several  Mines-inspection  Divisions  during  1913. 


1913. 

Colliery. 

County. 

Mines-inspection 
Division. 

No.  of 
Persons 
Injured. 

Jan.   13,    8-30 

Hook       

Pembroke 

South  Wales  .  . 

2 

„      16,11-0 

Kinglassie 

Fife        

Scotland 

„      27,  10-0 

Barglachan  (No.  2  Pit) 

Ayr 

Do. 

„      28,  11-30 

Sandbach 

Stafford 

Midland  and 
Southern 

„      30,    7-15 

Cefn-v-Brvn     ... 

Glamorgan 

South  Wales  ... 

„      30,  16-0 

Seghill 

Northumberland 

Northern 

.,      30,  16-30 

North  Sea  ton    ... 

Do. 

Do. 

„      30,  19-0 

Gilbertficld  (No.  2  Pit) 

Lanark  ... 

Scotland 

i 

„      31,    4-50 

Cowdenbeath     (No.    10 

Pit) 
Kenmuir  (No.  4  Pit)  ... 

Fife        

Do. 

Feb.  20,    6-50 

Lanark  ... 

Do. 

„      24,    7-0 

Swinhill  (No.  2  Pit)    ... 

Do 

Do. 

„      26,    6-0 

Mynydd  Newydd 

Glamorgan 

South  Wales  ... 

„      28,    6-20 

Brynhenllys 

Brecon  ... 

Do. 

Mar.     3,    5-0* 

Lochwood  (No.  1  Pit)... 

Lanark  ... 

Scotland 

7,    6-40 

Allanton 

Do 

Do. 

„      13,  130 

Fergushill  (No.  23  Pit) 

Ayr         

Do. 

„      17,    4-0 

St.  Helen3 

Durham 

Northern 

,.      18.20-15 

Bog  (No.  3  Pit) 

Lanark  ... 

Scotland 

„      19,    4-50 

Greenside 

Durham 

Northern 

„      19,    9-30 

Minto  (No.  2  Pit) 

Fife        

Scotland 

„      27,  13-0 

Mow  Cop 

Stafford... 

Midland  and 
Southern 

„      27,  14-35 

Woodhead         

Do 

Ho. 

April  9.  160 

Kingsbury 

Warwick 

Do. 

„      15.  2230 

Radford 

Nottingham 

Fork  and  North 
Midland 

„      16,    4-30 

Ether  ley  Grange 

Durham... 

Northern- 

2 

*  Exact  time  doubtful. 


LIST  OF  EXPLOSIONS,  1913. 
Table  III.—  Continued. 


April  22,    9-30 
„      22,  13-30 

„      2,"),    6-0 
,,      25,  2325 

May    4,  170 
„        6,  10-30 
,.       10,    7-45 
„      11,14-45 
„      15,    5-30 
„      19,  20-0 
„      30,  15-0 
June  16,    3-30 
■  •       17,    0-40 
„      20.    6-45 


Colliery. 


Bannoekburn    ... 
Crackley 

South  Skelton 
Walsall  Wood  ...         "m 

Frankfield 

Torymynydd     

Duffryn... 

Annandale  (No.  11  Pit) 

Lingdalc 

Feraiegare  (No.  2  Pit)' 

Plattonrigg 

Newburgh 

Aiken head 

New  London 


County. 


21,    2-50    Cakemore 


July 


21,  [2-30 

2.-..    7-30 
1,  19-30 
:i,  17-0 
4,  23-0 
•">.     715 
18,  120 
25,    90 
25,  12-40 
28,    015 
30,  20-0 
Aug.  21,    5-40 

23,  8-30 

24,  24-0 

30,    8  0 
Sept.  II.     1-30 
11,  190 
13,    7-20 


Stirling  ... 
Stafford... 

York      ... 
Stafford...         " 

Lanark  ... 
<  i  lamorgan 
Brecon  ... 
Ayr 

York       ... 
Lanark  ... 

D«.     ...         '.'., 
Northumberland 
Renfrew 
Nottingham 


Mines-inspection 
Division. 


Afton  (No.  1  Pit) 

East  Plean  (No.  4  Pit) 

Lochrigg  (No.  3  Pit) 

Greenside 

Cambois 

Forge  Level      ..'. 

Newburgh 

Auldton...         ." 

Tory coed 

Afton  (No.  1  Pit) 

Shilbottle 

Govan  (No.  5  Pit) 

Cakemore 

Dunnikier  iPannv 
No.  1  Pit)  3 
Dalzell  and  Broomside 
Lochrigg  (No.  3  Pit) 
Giffnock  (No.  2  Pit) 
New  My  t  hoi  me 


Worcester 

Ayr         

Stirling 

Lanark  ... 

Durham 

Northumberland 

Glamorgan 
Northumberland 
Lanark  ... 
Glamorgan 
Ayr        ••-        ... 
Northumberland 
Lanark  ... 
Worcester 


Scotland 
-Midland  and 

Southern 
N  orthern 
Midland  and 

Southern 
Scotland 
South  Wales 

Do. 
Scotland 
Northern 
Scotland 

Do. 
Northern 
Scotland 
York  and  North 

Midland 
Midland  and 

Southern 

Scotland 

Do. 

Do. 

Northern 

Do. 
South  Wales 
Northern 
Scotland 
South  Wales 
Scotland 
Northern 
Scotland 
Midland  and 

Southern 
Scotland 


15,    1-30    Colenrton 


15,  2010 
20,  1115 


Oct. 


22, 

22, 

23, 

25, 

1, 

4. 

7. 


5-15 
630 

•;-o 

2145 
9-30 
7-20 

11-30 

1010 


8,  15-55 
13,    10 
13,    9-30 

15,  015 

16,  70 


Ellington 

Blackwell  ('-A  "Pit). 

Bridgeness  (Xo.  2  I 'it) 

Glyncymmer 

Skellvton 

Mordostoun 

Woodhall 

Hattonri"_r'_r 

Gwaunclawdd  ... 

Portland    (Kitkstyle  " 

No.  1    Pit) 
Ynvsamman 
Calderbank 
Lower  Ynysarwed 
New  Cwmgorse 
Gilbertfield  (No.  1  Pit) 


Lanark 

Do.     ... 
Renfrew 
York       ...         [\ 

Leicester 

Northumberland 
Derby     ... 

Linlithgow 
Glamorgan 
Lanark  ... 

Do.     ... 

Do.     ... 

Do.  ... 
Brecon  ... 
Ayr 

Carmarthen 
Lanark  ... 
Glamorgan 

Do. 
Lanark  ... 


Do. 
Do. 
Do. 

York  and  North 

Midland 
Midland  and 

Southern 
Northern 
York  and  North 

Midland 
Scotland 
South  Wales 
Scotland 

Do. 

Do. 

Do. 
South  Wales 
Scotland 

South  Wales 
Scotland 
South  Wales 

Do. 
Scotland 


69 


No.  of 
Persons  | 
Injured. 

3 
1 

1 

1 

2 
1 

1 
1 
1 


TOL.  LXlV._iei8.1911 
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LIST  OF  EXPLOSIONS,  1913. 
Table  III. — Continued. 


1913. 

Colliery. 

County. 

Mines-inspection 
Division. 

No.  of 
Persons 
Injured. 

Oct,   27,    7-30 

Portland  (Nursery  No.  5 

Pit) 
Cruck  Meole     

Ayr        

Scotland 

1 

„      27,12-15 

Shropshire 

Midland  and 

1 

Southern 

„      30,  13-0 

Shawcross 

York      

York  and  North 
Midland 

3 

„      31,    5-30 

Parkhouse 

Stafford 

Midland  and 

Southern 

2 

Nov.    6,  22-0 

Pumplierstou  (No.  4  Pit 
— Oil-shale) 

Linlithgow 

Scotland 

„      14,  1030 

Lumphinnans    (No.    11 
Pit) 

Fife        

Do. 

„      23,11-30 

East  Plean  (No.  4  Pit) 

Stirling 

Do. 

Dec.     3,    2-25 

Tonhir    ... 

Glamorgan 

South  Wales  .. 

„      10,    945 

Dyllas 

Do. 

Do. 

„      17,  11-45 

Arley 

Warwick 

Midland  and 
Southern 

„      17,1315 

Cefn-y-Bryn     

Glamorgan 

South  Wales  ... 

„      20,  11-30 

Caerau  (No.  3  Pit)      ... 

Do. 

Do. 

„      23,  10-0 

New  London     ... 

Nottingham 

York  and  North 
Midland 

„      24,  10-0 

Mud  Hall          

Worcester 

Midland  and 
Southern 

3 

„     26,  10-30 

Kilton 

York       

Northern 

2 
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Table  IV.— Barometer,  Thermometer,  etc.,  Readings,  1913. 

JANUARY,  1913. 


KEW. 

GLASGOW. 

Barometer. 

Tempera- 
ture. 

a  ° 

J-    3 

Barometer. 

Tempera- 
ture. 

<m  a 
o  o 

a  ° 

— 
- 

4  A. u. 

10  a.m. 

4  P.M. 

10  P.M. 

Max. 

Min. 

a) 

9  A.M. 

9  P.M. 

Max. 

Mill. 

- 
1 

47-7 

40-0 

5> 

a 

29-632 

0  £ 

29-956 

29-903 

29-852 

29-917 

s 

i 

29-647 

45-2 

38-6 

SW 

-' 

29947 

29-958 

29-892 

29-851 

45-8 

29-7 

wsw 

2 

29 

654 

29-521 

450 

37-1 

S 

3 

29-838 

29-867 

.':<■-;;_' 

89-840 

48-4 

36-0 

SSE 

3 

29 

546 

29-387 

46-1 

43-3 

SSW 

4 

29-S4U 

29873 

29-853 

29-2:; 

49-8 

46-9 

Sby  E 

4 

29 

121 

29-623 

49-2 

41-1 

w 

5 

29-788 

29804 

29-842 

30-060 

516 

377 

SSE 

5 

29 

681 

29-767 

42-8 

37-3 

SW 

>; 

30-060 

30-060 

80-030 

30-047 

46-9 

38-9 

S  by  W 

6 

29 

783 

29-623 

441 

33-9 

s 

7 

30-042 

30-081 

30-077 

30-067 

49-7 

439 

S 

7 

29 

539 

29-677 

521 

43-8 

wsw 

- 

29-998 

29-983 

29-937 

29-935 

46-7 

43-6 

SE  by  E 

8 

29 

705 

29-726 

51-2 

46-2 

s 

9 

29-915 

29943 

29-887 

29-902 

50-1 

tl'l 

SE  by  E 

9 

29 

699 

29-743 

50-0 

44-1 

SE 

10 

29  -Mi 

29-929 

29939 

2J-937 

41-9 

35-6 

E  by  N 

10 

29 

834 

29-757 

469 

39-3 

SE 

11    29-862 

29-702 

39-465 

29-350 

il-5 

35-4 

E  by  S 

11 

29 

521 

29-481 

40-1 

331 

SE 

12    29-527 

29670 

29-71S 

29-759 

430 

32-7 

W  by  S 

12 

39 

597 

29-647 

347 

32-7 

E 

13 

29  773  29-806 

29-760 

29-700 

37-3 

25-1 

VV  SW 

13 

39 

721 

29-733 

34-8 

28-1 

E 

14 

29-681    29731 

29-657 

29-534 

42-1 

32-8 

S  by  W 

14 

29 

644 

29-422 

35-3 

23-1 

E 

15 

29347   29  319 

29-412 

29-397 

46-6 

38-6 

SSW 

15 

29 

120 

29-180 

39-3 

32-1 

ESE 

16 

29-452   29511 

29-357 

29-189 

460 

35-0 

S 

16 

29 

162 

29-314 

40-1 

36-2 

SSE 

17 

29-316   29-438 

29-478 

29-498 

45-11 

369 

w 

17 

29 

356 

29-392 

38-6 

32-5 

E 

is 

29-535    29-630 

29-684 

29-795 

44-3 

31-2 

SSW 

18 

29 

387 

29-498 

39-5 

33-8 

S 

19 

29-816   29-734 

29-491 

29-410 

45-9 

30-3 

SE  by  S 

19 

29 

543 

29-234 

39-9 

35-3 

E 

30 

29296   29- 167 

29111 

29-070 

48-1 

41-3 

S 

20 

29 

114 

29-194 

41-2 

35-2 

E 

21 

29075    29-289 

29-528 

29-799 

12  -s 

3S-2 

WNW 

21 

29 

533 

29-859 

40-2 

35-8 

E 

22 

29980   30-097 

30  061 

39- 003 

39-0 

31-8 

W 

22 

29 

652 

29-633 

371 

30-2 

E 

2M 

29-799   29-807 

29-27 

29  867 

521 

369 

SWby  W 

23 

29 

526 

29-613 

38-7 

314 

W 

21 

29-840   29  786 

89'680 

29-655 

50-4 

46-3 

SSW 

24 

29 

380 

29-458 

37-8 

33-6 

E 

25 

29671 

29-757   29-917 

30-072 

50-5 

39-1 

WNW 

25 

29 

779 

30-114 

39-1 

321 

NNW 

26 

30-189 

30-301    30313 

30-283 

42-3 

31-4 

NNE 

26 

30 

252 

30-099 

373 

26-2 

NNE 

27 

30-178 

30094   29-983 

29-924 

42-0 

32-4 

SE 

27 

29 

953 

29-818 

39-1 

35-2 

ESE 

2s 

39-863 

29-850   29-846 

29-889 

44-3 

37-0 

ESE 

28 

29 

787 

29-740 

39-9 

351 

E 

29 

29-871 

29-841   29770 

29-776 

45-0 

41-7 

E 

29 

29 

728 

29-654 

44-0 

373 

SE 

30 

29781    29-789   29-590 

29-206 

50-1 

42-6 

SWbyS 

30 

29 

432 

28-694 

46-9 

41-1 

SSW 

31 

29-169   29-416   29581 

29703 

50-4 

36-0 

WSW 

31 

28-960 

29-166 

42-5 

32-9 

WSW 

FEBRUARY,  1913. 


1 

29-725 

29  684 

29-486 

29-485 

435 

35-0 

Sby  W 

1 

29-299 

29-387 

38-2 

321 

WSW 

2 

29-660   29-772 

29640 

29-813 

46-3   339 

SSW 

2 

29-241 

29-392 

421 

35-4 

W 

3 

29-914   30-016 

30-048 

30-102 

52-0   457 

WSW 

3 

29-466 

29-587 

48-7 

41-7 

SW 

4 

30-145   30-211 

30219 

30-233 

53-2   45-9 

SW 

4 

29-766 

29-898 

47-1 

40-3 

W 

5 

30-137 

30-062 

29-897 

29-869 

48-6   44-9 

SSW 

5 

29-579 

29-625 

48-0 

37-0 

SW 

6 

29-915 

29928 

29-898 

29-894 

51-2 

39-4 

SW  by  S 

6 

29-507 

29-404 

48-7 

35-3 

SSE 

7 

29-982 

29-978 

29-815 

29-789 

52-8 

45-2 

S  by  W 

7 

29-571 

28-858 

50-3 

40-4 

S 

8 

29-984 

30-306 

30-443 

30-453 

49-1 

41-0 

WSW 

8 

29-918 

29-903 

45-8 

391 

WSW 

9 

30-353 

30-345 

30-383 

30-432 

511 

43-5 

SSW 

9 

29-970 

30-248 

48-7 

38-9 

W 

10 

30-394 

30-413 

30-385 

30-416 

52-0 

38-0 

S  by  W 

10 

30-223 

30-301 

40-8 

34-2 

E 

11 

30-469 

30-538 

30-541 

30-607 

51-9 

30-4 

S  by  W 

11 

30-387 

30-504 

47-8 

40-0 

WSW 

12 

30-623 

30-671 

30631 

30-618 

42-8 

32-7 

S  by  W 

12 

30-554 

30-478 

46-9 

43-3 

w 

IS 

30566 

30-560 

30-488 

30-455 

40-3 

33-4 

SW 

13 

30-441 

30-432 

448 

38-9 

w 

14 

30-419 

30430 

30-387 

30-372 

39-6 

30-2 

N  by  W 

14 

30-388 

30-305 

43-5 

38-8 

w 

15 

30-291 

30-239 

30165 

30-159 

40-8 

37-0 

N  by  W 

15 

30-237 

30-187 

42-2 

37-1 

NNW 

16 

30-153 

30-202 

30-202 

30-240 

44-3 

34-4 

X  E  by  E 

16 

30-265 

30-339 

43-2 

391 

ENE 

17 

30-228 

30-205 

30-096 

30-116 

423 

35-3 

N  by  E 

17 

30-368 

30344 

41-3 

32-2 

E 

Is 

30131 

30137 

30-102 

30-110 

37-8 

32-9 

NE 

is 

30-393 

30-383 

39-7 

36-3 

E 

19 

30-102 

30-107 

30-054 

30-081 

39  0 

30-4 

NEbyN 

19 

30-343 

30-288 

39-2 

34-8 

E 

30 

30-054 

30-075 

30-087 

30-137 

3,5  9 

.33-4 

NE  by  N 

20 

30-247 

30-272 

41-6 

34-6 

E 

21 

30-169 

30-258 

30-308 

30-402 

42-6 

35-4 

NE  by  E 

31 

30-354 

30-408 

40-9 

311 

NE 

22 

30-417 

30-462 

30-414 

30-417 

41-6   31  4 

NE  by  E 

32 

30-384 

30-262 

41-8 

321 

SSW 

23 

30-361 

30-326 

30-205 

30-128 

481    27-4 

SbvE 

23 

30-112 

29905 

421 

319 

SE 

24 

29-995 

29924 

89-833 

29-836 

48-4   32-2 

SSE 

24 

29-732 

29-613 

44-6 

351 

ENE 

25 

29-782 

29-782 

29-791 

29-806 

48-0   390 

S 

25 

29-571 

29-555 

48-3 

39-3 

E 

2.; 

29765 

89-747 

29-670 

29-673  50-5   HO 

S  by  E 

26 

29-540 

29-530 

47-7 

43-2 

WSW 

27 

29-673 

29741 

29777 

29-957   51-6   403 

NW  bvN 

27 

29-721 

30-046 

481 

40-8 

NE 

2- 

30081 

30-208 

30-234 

30-299   42-5   379 

N  by  w 

28 

30-165 

30-144 

42-7 

375 

E 
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MARCH,  1913. 


KEW. 

GLASGOW. 

Baromkter. 

Tempera- 

■sg 

Barometer. 

Tempera- 

<4H   0 

o  o 

Si 

ture. 

.2.2 

ture. 

3 

4  a.m. 

10  a.m. 

4  p.m. 

10  P.M. 

Max.  Min. 

21 

I     9  a.m. 

9  p.m. 

Max. 

Min. 

£  a 

0 

42-5 

365 

SSE 

P 

43-1 

5? 

S 

1 

30-290 

30-290 

30-181 

30-104 

1    29-946 

29-681 

392 

2 

29-966 

29-998 

30-069 

30-116 

50- 

4 

39-6 

wsw 

2    29-543 

29-667 

46-5 

399 

WNW 

3 

30010 

29-960 

29-898 

30-016 

53- 

0 

44-3 

SW  by  S 

3    29-504 

29-678 

50-0 

401 

NW 

4 

30-019 

29-972 

29-901 

29-889 

53 

1 

39-5 

SW  by  S 

4    29-358 

29-244 

50-5 

40-5 

SW 

5 

29-909 

30-104 

30-099 

30-099 

55 

6 

449 

SW  by  W 

5    29-601 

29-440 

47-9 

36-2 

SW 

6 

30-042 

30-045 

29  954 

29  800 

56 

9 

47-4 

SW  by  S 

6    29-609 

29-335 

46-2 

36-2 

SW 

7 

29-912 

29-986 

29-951 

29-948 

49 

0 

41-0 

SW  bvW 

7    29-548 

29-757 

43-1 

33-2 

w 

8 

30-042 

30-211 

30-305 

30-491 

M 

2 

34-1 

WbyN 

8    30-049 

30-235 

441 

32-2 

WNW 

9 

30-521 

30-506 

30-408 

30-346 

48 

9 

34-3 

SW 

9    29-994 

29-773 

48-4 

41-3 

w 

10 

30-293 

30-343 

30-346 

30-326 

50 

5 

46-9 

SW 

10    30-074 

30-035 

47-8 

39-5 

w 

11 

30-246 

30-222 

30-234 

30-373 

53 

9 

37-1 

W  by  S 

11    29-914 

30-165 

45-2 

37-8 

WNW 

12 

30-379 

30-278 

30-090 

29  992 

51 

4 

295 

S 

12    30-024 

29-845 

45-8 

367 

WNW 

13 

29-957 

30-025 

29951 

29927 

53 

2 

34-0 

Sby  E 

13    29-865 

29-396 

45-4 

32-8 

SW 

14 

29-836 

29-806 

29-726 

29-753 

52 

8 

43-9 

SSW 

14    29-516 

29-403 

45-8 

36-8 

WNW 

15 

29-901 

30-013 

30-107 

29-974 

4s 

3 

38-0 

W 

15    29-591 

29-361 

39-7 

32-8 

WSW 

16 

29-700 

29-762 

29-706 

29-606 

46 

9 

39-8 

SW 

16    29-312 

29-214, 

39-6 

32-4 

wsw 

17 

29-216 

29-278 

29-384 

29-561 

17 

1 

35-4 

W  byN 

17    29-308 

29-645 

38-9 

31-0 

ENE 

18 

29691 

29741 

29-629 

29-497 

43 

4 

30-3 

SW 

18    29-573 

29-035 

38  1 

26-5 

SW 

19 

29-169 

28-888 

29-036 

29-213 

51 

0 

39-0 

W  by  S 

19    28-341 

28-628 

43-6 

36-1 

WSW 

20 

29337 

29-420 

29-364 

29-414 

53 

0 

41-1 

SW  by  S 

20    28-935 

28-984 

43-8 

352 

SW 

21 

29-452 

29-470 

29-470 

29-544 

52 

0 

40-2 

SSW 

21    29-044 

29-160 

47-8 

373 

SSW 

22 

29594 

29-532 

29-254 

29-148 

56 

9 

42-0 

SEby  E 

22    29-296 

29173 

49-1 

40-0 

s 

23 

29-308 

29-432 

29-467 

29650 

52 

1 

40-9 

SSW 

23    29-06S 

29-636 

45-5 

34-9 

NW 

24 

29-780 

29-980 

30-060 

30-181 

16 

8 

35-3 

NNE 

24    29-952 

30-109 

46-9 

35-2 

w 

25 

30-237 

!  30-293 

30-237 

30-208 

15 

•o 

29-0 

ENE 

25    30-197 

30-164 

51-1 

35-8 

SW 

26 

30-084 

29-960 

29-791 

29-721 

48 

•9 

374 

NEbyE 

26    30041 

29-827 

43-3 

36-2 

SE 

27 

29-647 

29-664 

29-597 

29-550 

54 

■3 

41-1 

wsw 

27    29-636 

29-530 

45-1 

35-5 

E 

28 

29-390 

,  29-293 

29-375 

29-556 

52 

•6 

40-9 

Sby  E 

28    29-322 

29-283 

47-7 

39-2 

ENE 

29 

29-600 

,  29-520 

29-381 

29514 

57 

■o 

40-4 

NEbyE 

29    29-660 

29-532 

521 

41-4 

N 

30 

29-553 

.  29-662 

29-726 

29-800 

54 

■7 

42-9 

SSW 

30    29-443 

29-617 

54-1 

421 

W 

31 

29-780 

j  29-785 

29-744 

29-750 

1 

52 

•6 

40-6 

SW 

31    29-626 

29-652 

50-1 

40-1 

W 

APRIL,  1913. 


29-706 
29-992 
30-034 
30-013 
29-857 
29-726 
29-753 
30-034 
30-069 
30-028 
30-031 
29-656 
30-072 
30-069 
29-942 
29-553 
29514 
29-632 
29-432 
29-803 
29-836 
29-954 
30-060 
29-803 
29-461 
29-517 
29-372 
29-641 
29-983 
29-706 


29-744 
30-007 
30-093 
29-998 
29-824 
29-744 
29-791 
30-081 
30-107 
29-960 
29-998 
29-895 
30-110 
30-072 
29-948 
29-384 
29-500 
29-614 
29-464 
29-924 
29-821 
30-045 
30  034 
29-691 
29-488 
29-505 
29-396 
29-726 
30-025 
I  29-815 


29-930 
30-016 
30-069 
29-921 
29-756 
29-NJU 
29-989 
30-078 
30-140 
30-001 
29-488 
30051 
30-104 
29-989 
29-759 

I  29-573 
29-638 
29-426 
29-709 
29-927 
29-903 
30-078 

!  29-921 
29-544 

,29-417 
29-402 
29-526 
29-889 
29-700 
29-871 


38-9 
33-7 
39-5 
41-1 
43-0 
41-7 
39-9 
34-5 
39-9 
41-0 
35-9 
33-0 
29-8 
35-0 
43-4 
38-9 
32-9 
38-0 
43-0 
39-3 
443 
49-9 
44-3 
37-4 
41-9 
40-3 
50-2 
47-4 
43-0 
48-7 


WSW 

s 

E  by  N 

NNE 

N  by  E 

NNE 

N 

N 

N 

NWbyW 

Sby  W 

N  by  E  ' 

N  by  W 

S 

SW  by  S 

SSW 

SW 

SW  by  S 

w 

w 
S  by  E 
ENE     ; 
EbyN 

E 

SW  by  S 

S 

S 

SE  by  S  , 

ENE     I 

SWby  W 


1 

29-672 

29-754 

48-2 

331 

2 

29-766 

29  869 

49-0 

32-5 

3 

30-111 

30-316 

54-0 

42-2 

4 

30-399 

30-392 

51-7 

35-3 

5 

30-306 

30-188 

52-6 

34-8 

6 

30-055 

30-004 

54-1 

36-1 

7 

30-058 

30-137 

52-1 

33-3 

8 

30-119 

30- 112 

611 

37-8 

9 

30-115 

30-051 

50-4 

43-2 

10 

29-893 

30-048 

50-4 

40-3 

11 

29-825 

29-670 

411 

32-2 

12 

29-945 

30-019 

39-7 

34-1 

13 

29-960 

29-830 

45-7 

34-9 

It 

29-688 

29-630 

50-1 

42-6 

15 

29-611 

29-079 

49-9 

39-4 

16 

28-993 

29-157 

47-1 

37-7 

17 

29-278 

29-372 

48-0 

39-3 

18 

29-295 

29-072 

490 

38-3 

19 

29-108 

29410 

48-1 

35-1 

20 

29-720 

29-780 

52-8 

38-6 

21 

29-714 

29-925 

52-1 

40-5 

22 

30-060 

30-096 

56-9 

46-2 

23 

30-036 

29-800 

59-2 

44-4 

24 

29515 

29-310 

59-8 

46-9 

25 

29-243 

29-056 

52-9 

451 

26 

29096 

28-842 

49-0 

381 

27 

29-093 

29-233 

52  7 

40-2 

28 

29-469 

29-555 

551 

42-8 

29 

29-870 

29-812 

56-0 

44-4 

30 

29-500 

29-729 

54-9 

44-2 

w 

SSE 

E 
ENE 
ENE 

N 
ENE 
WSW 

W 
ENE 
ESE 

E 

S 
SSW 
SSW 
SW 
SW 
SW 

w 
w 

NE 

w 

WSW 

S 
SW 
SE 

E 
SSE 
SE 

S 


BAROMETER,   THERMOMETER,    ETC.,    READINGS,    1913 
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73 


KEW. 


Barometer. 


1 

29  N71 

2 

29859 

3 

29-729 

4 

89-828 

5 

29517 

6 

29-567 

7 

29-620 

a 

29-606 

9 

29-547 

10 

29667 

il 

29-821 

18 

29-933 

13 

29-983 

It 

30-084 

15 

30-104 

16 

30025 

17 

29-750 

i* 

29-732 

19 

88-908 

20 

30-037 

21 

30-051 

22 

29  957 

23 

30-063 

24 

30214 

25 

30-255 

26 

30-202 

27 

30-019 

88 

30-045 

-H 

29-915 

to 

29-632 

31 

89*797 

10a.m. 


89'888 

29-877 
88-678 

29-314 
39-606 
89-589 

29-635 
29614 
29-562 
29703 
29-859 
89-903 
30-051 


89-85? 
89-82-1 
89-585 

29-372 
89-618 
29-494 
89-635 
29-553 
29-591 
29738 
89-895 
89-898 
30-066 


10P.M 


;5o-i -s  ;sii  039 
30-087  30  082 
29-992  29-857 
29-679  29-606 
29-768  i 29-806 


29-954 
30-039 
30-034 
30-066 
30-107 
30  255 
30-252 
30-164 
30-001 
30-037 
29-877 
29-626 
29-845 


89-957 

30-031 
29-966 
30-090 
30119 
30-243 
30-205 


29-874 
29-806 
29-455 
29-502 
29617 
29-585 
29-664 
29-570 
29  650 
29-821 
29-960 
29-945 
30-113 
30-110 
3H-U78 
29>3ii 
29-700 
2:'-8M» 
30-034 
30-060 
29-924 
30-116 
30-181 
30-264 


Tempera 
ture. 


Max. 


5S-2 

60-1 

56-1 
525 
59-1 
55-9 
56-3 
53-7 
573 
61-9 
62-2 
58  9 
66-0 
63-3 
57-2 
62-6 
68-7 
579 
57-3 
61-3 
62-6 
60-2 
67-5 
7"  2 


OS 


434 
473 
41-4 
375 
471 
46-2 
459 
41-4 


30-217  78-6 


30  069 

29-992 
29-966 
29-750 
29-756 
29969 


77-0 
75-3 
78-7 
75-9 
642 


44-0  S\V  by  S 
41-2  .SWb'vW 
41-6    S  by  E 
SE 
N  X  W 

S 
S  by  E 

SE 
S  by  E 
S  by  E 
Sby  W 
443    SEby  E 
51-9  NE  by  E 
46-9    N  by  E 
44-2      NNE 
44-3     N  by  E 
399  NWbyW 
43-5      WNW 
40-0     W  by  S 
4C-5      SSW 
49-4     S  by  W 
46-3  S\V  livlV 
53-8  SWbvW 
54-4       WSW 
51-9   SWbyS 
53-9       SSE     I 
55-7     W  by  S  I 
54-3     S  by  W  ■ 
57-0 |        S 
52-9    S  by  E 
46-1    S  by  W 


GLASGOW. 


Barometer. 


84 


9  a.m. 


29-764 

29-MIN 

29-447 
29-548 
29-681 
29-436 
29-498 
29-494 
29-558 
29-608 
29-772 
29951 
30-188 
30-236 
30265 
30-018 
29-545 
29-589 
29-778 
29-737 
29-607 
29-759 
29-849 
30-070 

25  j  30-042 

26  I  30-182 

27  1 30-045 

28  '  29-804 

29  29-745 

30  29-500 

31  29-552 


9  I'.M. 


29-780 

29648 

29-402 

29-667 

29-523 

29-424 

29-543 

29-484 

29-563 

29692 

29-884 

30-066 

30-166 

30-306 

30-160 

29-803 

29-560 

29-709 

29-871 

29735 

29-645 

29-841 

29-992 

30-097 

30-138 

30-137 

29-964 

29-686 

29-693 

29-345 

29-736 


Tempera- 
ture. 


Max.     Min 


43-2 
38-9 
43-1 
433 
43-9 
43- 1 
41-3 
42-3 
42-7 
42-8 
432 
42-7 
43-3 
44-6 
43-6 
40-1 
42-9 
5  40-7 
38-2 
39-9 
47-8 
45- 1 
48-7 
47-4 
50-9 
44-0 
42-3 
45-2 
50-1 
54-3 
47-4 


QS 

8W 
W 

SSE 

NE 

EXE 

ESE 

E 

E 

ENE 

ENE 

E 

E 

NE 

ENE 

ENE 

W 

w 

WNW 
W 
SW 
SW 

WSW 

w 

SW 
SW 

w 

NE 
S 

SW 
ESE 
SSW 


JUNE,  1913. 


1  29  995  30-016 

2  30-069   30-081 

3  29986   30037 

4  30-004   29-974 

5  29-812   29-780 

6  29741    29-791 

7  89-898   29-845 

8  29-933   29-848 

9  30110   30-134 

10  29-797  29-750 

11  29-939  30-016 

12  29-989  30-072 

13  30-069  30125 

14  30-308  30-334 

15  30231  30-202 

16  30-063  30-028 

17  29-942  29-960 

18  29-954  29-960 

19  29  951  30007 

20  30-001  30-00t 

21  30037  30042 

22  30-104  30119 

23  30-060  30-031 

24  29-966  29-989 

25  29-954  89-980 

26  30-161  30187 

27  30-134,30-187 

28  30-337  '30-308 

29  30-305  30-287 

30  30-317  30-317 


30-010 

30075 

62-7 

43  9 

30013 

30-016 

68-8 

46-4 

30-013 

30-034 

75-0 

46- 1 

29-827 

29-889 

699 

51-9 

29-729 

29-756 

667 

53-6 

29-862 

29-963 

61-9 

50-4 

29-906 

29-992 

66-2 

49-9 

29-874 

30045 

65-7 

48-8 

30-060 

29-957 

64-2 

45-6 

29-747 

29-854 

66-3 

53-0 

30-001 

29-986 

63-9 

49-2 

30075 

30-069 

64-0 

51*1 

30-178 

30261 

63-2 

52-9 

30-267 

3H-.-S1 

70-0 

54-4 

30131 

30-116 

73-8 

55-3 

29-972 

29-989 

83-0 

51-4 

29-921 

29-969 

8O-0 

57-8 

29-912 

29-951 

75-n 

53-2 

30-001 

3)  -088 

666 

54-0 

29-995 

30-031 

63-4 

51-1 

30  037 

30-087 

67-6 

47-0 

30-099 

3o-lii2 

72-3 

48-9 

29-974 

29-972 

66-0 

53-6 

29977 

89-986 

611 

53-6 

30-037 

30-131 

65-1 

51  1 

30131 

30-119 

68-0 

53-8 

30-214 

30-308 

65-3 

52-9 

30-267 

80-305 

751 

490 

30-252 

30-320 

76-9 

56-3 

30-287  i 

30305 

706 

531, 

E  byN 

SWbyS 

S 

S 

S  by  W 

SW 

WSW 

SW  by  S 

WSW 

BW 

W 

SWbyW 

NWbyN 

E 

E  byN 

E  by  N 

WbyS 

S 

SW 

N  by  W 

Sby  W 

SW 

SW 

WSW 

NW 

WNW 

NW 

WNW 

N  W 

N 


1 

29-885 

29-945 

2 

29-810 

1  29-642 

3 

29-846 

29965 

4 

29-936 

29-760 

5 

29-665 

29-567 

6 

29-634 

29-633 

7 

29-463 

29-602 

8 

,  29-562 

29-682 

9 

29-709 

29-367 

10 

29-351 

29-633 

11 

29803 

29-805 

12 

29-933 

30-006 

i.i 

30-096 

30-190 

14 

30-206 

30-208 

15 

30-160 

30-074 

16    30-071 

29-998 

17    29-963 

29-913 

18    29-880 

29-831 

19    29-778 

29-833 

20    29-950 

29-985 

21    29-992 

30- < 

22    30-014 

29-990 

23    29-822 

29-713  | 

24    29-770 

29-870 1 

25   29-987 

30-073 1 

26 

30-048 

27 

30-150  30-2361 

88 

30-160  30-237 

29 

30-256   30-2871 

30 

30-292 

J0-855 

61-5 

1   47-1 

60-5 

46-6 

59-2 

46-3 

65-4 

45-1 

64-7 

54-7 

58-0 

1   49-9 

54-7 

1    48-1 

541 

461 

51-0 

46-2 

55-6 

45-8 

52-6 

44-9 

557 

44-2 

56-8 

45-0 

66-1 

49-2 

69-9 

48-9 

72-0 

551 

65-3 

52-1 

64-6 

540 

57  9 

531 

62-9 

52-0 

63-2 

53-2 

61-7 

53-7 

60-7  I 

52-8 

ili-l 

51-3 

65-2 

50-4 

60-1 

52-5 

60-1 

49-7 

62-2 

49-7 

679 

51-6 

70-7 

52-2 

WSW 

s 

SW 
E 

s 

WSW 
SW 

WSW 
SW 

w 
w 
w 

E 
SW 

w 

ENE 

ENE 
SSW 

W 

NE 

N 
WSW 

SE 

W 

W 
WSW 

W 

W 

W 

N 


74 
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JULY,  1913. 


KEW. 

GLASGOW. 

Barometer. 

Tempera- 
ture. 

«-,  S3 

Barometer. 

Tempera- 
ture. 

+3 

d 

4  a.m. 

10  a.m. 

4  P.M. 

10  p.m. 

Max. 

Mm. 

a 
O 

1 

9  a.m. 

9  p.m. 

Max. 

Min. 

§1 

1 

30-317 

30-337 

30-299 

69-2 

54-0 

pi'S 

NNE 

30-315 

5  5 

30-290 

30-292 

70-4 

51-2 

WNW 

2 

30-290 

30-264 

30-184 

30-152 

69-6 

53-8 

N  by  W 

2 

30-287 

30-217 

72-0 

54-2 

w 

3 

30-072 

30-072 

30-019 

29-986 

64-9 

56-3 

N 

3 

30-096 

29-967 

73-7 

55-5 

w 

4 

29930 

29927 

29-909 

29-957 

68-4 

53-3 

N 

4 

29-955 

29-963 

64-3 

56-0 

ENE 

5 

29-945 

29-939 

29-671 

29-794 

64-4 

53-3 

N  by  E 

5 

29-846 

29-721 

56-9 

50-3 

WSW 

6 

29-691 

29-673 

29-691 

29-747 

61-3 

52-7 

WbyS 

6 

29-726 

29-827 

60-4 

50-1 

NNE 

7 

29-762 

29-815 

29-889 

29-980 

61-3 

50-4 

N  by  W 

7 

29-937 

30-020 

60-2 

43-6 

NW 

8 

29998 

30-010 

29-998 

30-045 

630 

46-1 

NW 

8 

30-010 

29-942 

62-S 

46-0 

W 

9 

30-016 

29-992 

29  930 

29-892 

65-9 

501 

Sby  W 

9 

29-875 

29-879 

58-1 

50-0 

SW 

10 

29-830 

29-794 

29-762 

29-809 

65-3 

55-0 

N  by  E 

10 

29-754 

29-770 

58-1 

50-8 

w 

11 

29-854 

29-930 

29-948 

29-o8J 

67-1 

51-9 

NW  by  W 

11 

29-S'JS 

29-887 

63-8 

51-1 

w 

12 

29-972 

29-983 

29-939 

29-966 

71-8 

52-3 

SW  by  S 

12 

29-852 

29-832 

65-3 

54-3 

w 

13 

29-960 

29-995 

29-972 

29974 

68-0 

55-2 

SW  by  S 

13 

29-826 

29-829 

64-3 

55-3 

w 

14 

29-942 

29-892 

29-800 

29-788 

71-9 

54-2 

W 

14 

29-820 

29-838 

66-3 

54-2 

WNW 

15 

29-774 

29-842 

29-880 

29-951 

62-1 

53-0 

NW 

15 

29-902 

29-920 

69-9 

53-9 

WNW 

16 

29-954 

29-972 

29-945 

29-977 

68-1 

56-7 

WNW 

16 

29-86S 

29-791 

61-0 

54-6 

WSW 

17 

29-980 

30-001 

30-013 

30039 

69-8 

53-0 

SWbyW 

17 

29-782 

29-828 

58-9 

551 

SW 

18 

29-986 

29  983 

30-039 

30-119 

66-8 

57-1 

W  by  N 

18 

29-918 

30-028 

64-3 

54-1 

W 

19 

30-081 

30-042 

30-013 

30-045 

63-6 

54-4 

WNW 

19 

29-985 

30-044 

64-0 

51-3 

w 

20 

30-054 

30-087 

30-099 

30-131 

67-1 

53-0 

N 

21 1 

30-062 

30-067 

61-6 

48-9 

WNW 

21 

30-110 

30-090 

30-060 

30-025 

64-0 

48-4 

WNW 

21 

30-006 

30-020 

551 

50-2 

SSW 

22 

29977 

30-034 

30-063 

30-099 

647 

53-2 

N  byE 

22 

30-137 

30-150 

68-1 

46-3 

N 

23 

29-998 

29-980 

30-013 

30-057 

58-3 

50-7 

NNW 

23 

30134 

30-146 

73-5 

51-3 

NNE 

24 

30-066 

30-122 

30-081 

30-149 

70-0 

531 

N 

24 

30-184 

30-196 

63-0 

47-4 

NE 

25 

30-149 

30-149 

30-090 

30-149 

67-1 

52-9 

NNE 

25 

30214 

30-194 

67-4 

52-3 

NE 

26 

30-134 

30-172 

30-137 

30187 

65-3 

532 

N 

26 

30-210 

30-197 

71-6 

50-3 

NE 

27 

30-202 

30-243 

30-202 

30-211 

63-9 

52-9 

Nby  E 

27 

30218 

30-187 

73-2 

50-1 

N 

28 

30-184 

30-187 

30-110 

30-134 

74-4 

55-3 

Eby  N 

28 

30-182 

30-098 

70-6 

52-4 

N 

29 

30-093 

30-081 

30-016 

30-039 

73-1 

53-7 

ESE 

29 

30-039 

29-996 

71-0 

51-0 

NNE 

30 

30007 ! 

29-992 

29-954 

29966 

65-2 

56-0 

ENE 

30 

29-983 

29-983 

72-1 

54-0 

N 

31 

29-957  j 

29-983  ; 

29-983 

30-075 

74-0 

55-1 

NE  by  E 

31 

30-076 

30-144 

63-2 

55-1 

ENE 

AUGUST,  1913. 


30-113 
30-222 
30-187 
30-010 
30-042 
29-921 
30-031 
29-909 
9    29768 

10  29-794 

11  29-880 

12  29-960 

13  30-137 

14  29998 

15  30-028 

16  30063 

17  30-078 

18  30-178 

19  30-125 

20  30-081 

21  30-110 

22  29-995 

23  29-759 

24  29-933 

25  30-146 

26  30-240 

27  30167 

28  30-025 

29  29-809 

30  29-664 

31  ,29791 


:  30-167 
30-237 
30-167 
30-034 
30-025 
29-930 
30-022 
29-889 
29-771 
29-854 
29-901 
30-069 
30-104 
30-031 
30-069 
30-087 
30-128 
30-175 
30-107 
30-113 
30  U9 
29  980 
29-809 
29-957 
30-214 
30-243 
30-164 
29977 
29-818 
29-703 
29  857 


30-161 
30-199 
30-060 
30-054 
29-960 
29-936 
29995 
29-839 
29-744 
29-851 
29-889 
30113 
30-037 
30-016 
30-066 
,;u-(ii> 
30-125 
30-131 
30-075 
30-069 
30-057 
29-912 
29-848 
29-992 
30-193 
30-178 
30-104 
29-901 
29-709 
29-700 
29-880 1 


30-217  70-8 
30-205  j  69-5 
30-054  74-5 
30-066  66-6 
29-942  64-2 
30-022  66-0 
29-974  64-4 
29-821  64-9 
29-768  63-9 
29-886  ;  69-0 
29-945  i  69-7 
30-161  |  67-9 
29-998  '  66-2 
30-039  70-0 
30-081  663 
30-072  72:', 
30-181  73-1 
30-149  I  63-6 
30-093  |  61-6 
30-110  j 69-6 
30-057  I  74-5 
29-868  J  70-0 
29-924  !  68-0 
30-099  ,  67-5 
30-225  72-6 
30-211  75-3 
30-099  74-.-! 
29-886  78-6 
29-700  ;  69-0 
29-759  74-0 
29-930   66-3 


NE 

NE  by  N 

NNE 

NNE 

NNE 

N  by  W 

S  by  W 

E 

WSW 

W  bvS 

SW 
N  by  E| 

W 

NNW 

E  by  N 

SW 

NE  by  N 

N 

NNE 

NNW 

W  by  S 

SSW 

\\  SW 

WSW 

SW 

ESE 

ME  by  N 

NE  by  E, 

SE 
SW  by  S 
N  by  W 


■196 
195 
■152 
•190 

•980 
■004 
■973 
•841 
•684 
■749 
•835 
■080 
•861 
■971 
•015 
•998 
•212 
•285 
•154 
•048 
•870 
•602 
•587 
•737 
•006 
■200 
•238 
•028 
•831 
•731 
•936 


30-193 

30-211  \ 

30-116 

30-152 

29-965 ! 

29-984 

29-927 

29  728 

29-706 

29-767 

29  965 

30-077 

29  955 

29-993 

29-993 

30-097 

30-300 

30-221 

30-059 

30-026 

29646 

29596 

29543 

29-953 

30- 121 

30-235 

30149 

29-938 

29-744 

29-839 

30-011 


N 

W 
WNW 

E 

WNW 

NW 

E 

W 

E 

W 

ENE 

WSW 

WNW 

SW 

N 
WNW 

E 

E 

ENE 

WNW 

SW 

w 

WSW 
WNW 
WSW 

WNW 

w 
w 

ENE 

NW 

E 
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KEW. 

GLASGOW 

Barometer. 

Tempera- 
ture. 

«~  a 
o  o 
a  ° 

£  3 

Barometer. 

Tempera- 
ture. 

"o  o 
•2  2 

-   si 

u  a 

s 

4a.m. 

10  a.m. 

4  p.m. 

10  p.m. 

Max. 

Miu. 

9  a.m. 

9  p.m. 

Max. 

Miu. 

O 

5's 

* 

5  5 

T 

29906 

29930 

29933 

29933 

58-3 

555 

NNW 

1 

30-055 

30-103 

58"  1 

519 

NE 

. 

29924 

29-963 

29-!is:: 

30-048 

60-2 

556 

N 

2 

30-138 

30-175 

57-8 

471 

ENE 

j 

30054 

30-069 

80-087 

30-051 

660 

51-6 

XNE 

3    30-200 

30-202 

58-9 

48-1 

ENE 

4 

30034 

30-039 

30-010 

30-016 

06-:; 

60-3 

NE  by  E 

4 

30-225 

30-194 

591 

51-2 

E 

5 

29992 

30025 

30-060 

30-116 

64-1 

594 

NE  by  N 

5 

30-229 

30-314 

611 

50-7 

E 

6 

30-14-3 

30-205 

30-219 

30-293 

65-7 

564 

N  by  E 

6 

30-397 

30-448 

60-1 

49-1 

E 

7 

30-2S1 

30281 

30-243 

30-278 

662 

530 

NE  by  N 

7 

30433 

30-314 

61-0 

39-6 

E 

8 

30-261 

30-281 

80-231 

30234 

675 

503 

N  by  E 

8 

30-231 

30T55 

58-1 

48-1 

SW 

9 

30-17-' 

30-128 

30  090 

30-158 

64-8 

480 

XWbvW 

9 

30-135 

30-209 

61-8 

46-3 

N 

10 

301S7 

30-261 

3u  234 

30240 

632 

17*0 

NNW 

10 

30-243 

30-101 

58-9 

45-2 

W 

11 

30-169 

30131 

30-022 

29-969 

68-9 

50-1 

sw 

11 

29-951 

29-689 

58-7 

52-3 

SW 

12 

29-857 

29794 

29-703 

29  664 

672 

55-6 

SW  by  S 

12 

29-411 

29-489 

59-3 

48-8 

ssw 

13 

29-535 

29-455 

29-364 

29-302 

68-1 

49-9 

S  by  E 

13 

29-463 

29-380 

497 

45-1 

NE 

14 

29-243 

29-346 

29-384 

29-441 

62-8 

47-8 

Sby  E 

14 

29-172 

29-259 

609 

451 

NE 

15 

29-438 

29-476 

29-538 

29-609 

60-4 

45-9 

S  by  W 

15 

29-459 

29-606 

59-1 

47-0 

ENE 

16 

29-573 

29-567 

29-491 

29-476 

64-2 

46-0 

EMK 

16 

29-620 

29611 

51-1 

46-3 

NE 

17 

29485 

29-556 

29-594 

29-676 

60-5 

47-2 

Wby  S 

17 

29-709 

29-757 

58-7 

42-1 

ENE 

18 

29-718 

29-812 

29-818 

29-898 

64-2 

45-6 

Wby  S 

18 

29  820 

29-835 

56-5 

45-2 

E 

19 

29-895 

29-927 

29-877 

29-877 

66-2 

45-0 

S 

19 

29-838 

29-816 

58-6 

45-9 

NE 

20 

29-771 

29-839 

29-874 

29-969 

61-9 

51-2 

W 

20 

29-883 

29971 

551 

51-4 

NE 

21 

90-028 

30-119 

30-134 

30-175 

651 

49-7 

NW  by  N 

21 

30040 

30-102 

61-1 

50-2 

W 

22 

30134 

30116 

30-054 

30-057 

62-4 

47-5 

wsw 

22 

30-047 

29-908 

61-3 

46-3 

SE 

23 

29-998 

29-977 

29-915 

29901 

63-9 

53-8 

Sby  E 

23 

29-774 

29-710 

56-3 

52-2 

ESE 

24 

39-886 

29-927 

29895 

29-906 

70-0 

559 

SEbyS 

24 

29-672 

29-677 

67-9 

55-3 

S 

25 

39-898 

29909 

29-883 

29-918 

71-7 

53-7 

SE  byE 

25 

29-707 

29-740 

64-1 

59-0 

SSE 

26 

29-94V! 

29-980 

29-945 

29-945 

74-9 

553 

SE 

26 

29-872 

29-861 

62-7 

56-3 

W 

27 

29-933 

29-948 

29-903 

29-921 

74-5 

56-6 

SE 

27 

29-849 

29-848 

61-0 

55-2 

E 

28 

39-898 

29-939 

29-918 

29-933 

71-6 

536 

E  by  N 

28 

29-882 

29-977 

66-9 

56-3 

ENE 

29 

29-977 

29-995 

29-939 

29-942 

68-6 

51-0 

NE  by  E 

29 

30-073 

30-101 

58-2 

52-3 

ENE 

30 

29-898 

29  903 

29-854 

29'859 

66-7 

55-3 

NE  by  E 

30 

30-102 

30-103 

58-4 

50-9 

ENE 

OCTOBER,  1913. 


1 

29-821 

29-803 

29-782 

29-806 

653 

55-7 

NEbyE 

1 

30-095 

30-018 

55-5 

53-0 

ENE 

2 

29-774 

89-803 

29-794 

29-845 

65-8 

56-0 

ESE 

2 

29-990 

29-942 

59-9 

52-1 

ENE 

3 

29-854 

29-906 

29-862 

29-868 

64-8 

50-0 

SW  by  S 

3 

29-921 

29-842 

56-9 

50-8 

E 

4 

29-797 

29-753 

29-641 

29-609 

61-9 

49-4 

SEbyS 

4 

29-728 

29-654 

56-1 

48-3 

NE 

5 

29-535 

29-532 

29544 

29-591 

59-3 

49-1 

SSW 

5 

29-692 

29-766 

52-4 

45-5 

ENE 

6 

29-588 

29632 

29-620 

29-629 

61-5 

44-4 

SEbyE 

6 

29-832 

29-825 

53-7 

43-1 

E 

7 

29-547 

29-473 

29-417 

29-384 

611 

52-8 

SEby  E 

7 

29-717 

29-543 

52-0 

40-1 

ENE 

8 

29-329 

29314 

29-326 

29-520 

59-9 

51-7 

S 

8 

29-446 

29-641 

51-3 

45-7 

ENE 

9 

29-664 

29-845 

29-921 

30-004 

59-1 

48-1 

NNW 

9 

29-855 

29-984 

52-0 

41-1 

ENE 

10 

30010 

30-016 

29954 

29-951 

60-0 

48-1 

E 

10 

29-998 

29-920 

54-2 

38-3 

E 

11 

29-871 

29848 

29-883 

30-051 

53-0 

47-0 

E  by  N 

11 

29-849 

29-966 

5T0 

46-2 

E 

12 

30T61 

30-258 

30-267 

30-355 

62-1 

44-3 

E  by  N 

12 

30-055 

30-132 

57-6 

49-3 

SE 

13 

80-382 

30-435 

30-394 

30394 

63-2 

46-8 

SEbvS 

13 

30-124 

30-018 

61-9 

54-4 

SSW 

14 

30-332 

30-299 

30214 

30T55 

60-7 

45-7 

Sby  E 

14 

29-896 

29-929 

59-1 

51-2 

W 

15 

30-072 

30-146 

30-152 

30223 

58-2 

53-1 

NW  by  N 

15 

30-032 

30-169 

55-0 

47-2 

WNW 

16 

30-240 

30-302 

30-246 

30-269 

60-3 

42-3 

SW 

16 

30-144 

30039 

56-1 

46-2 

SW 

17 

30-208 

30-202 

30107 

30-081 

59-3   39-1 

Sby  E 

17 

29931 

29-890 

58-7 

521 

S 

18 

30-039 

30-054 

30-013 

30-025 

59-9   39-9 

SWbvS 

18 

29-829 

29754 

569 

51-5 

SSW 

19 

29957 

29-901 

29-753 

29  656 

59-7   45-4 

SE 

19 

29-583 

29-313 

60-1 

54-4 

s 

20 

29-653 

29-712 

29-694 

29-609 

61-4   55-2 

S 

20 

29-380 

29-464 

554 

47-5 

SW 

21 

29547 

29-550 

29-505 

29-550 

58-3   478 

BWbyS 

21 

29-260 

29-319 

49-3 

42-7 

SW 

22 

29-614 

29  726 

29803 

29-930 

56-2   39-9 

S 

22 

29539 

29-887 

50-8 

39-0 

wsw 

23 

30-004 

30-075 

30-075 

30-184 

54-0   37-6 

Sby  W 

33 

30-173 

30-183 

451 

34-9 

w 

24 

30-222 

30-249 

30-196 

30-181 

5T2 

37-4 

N  by  E 

24 

30-025 

29-941 

47-8 

34-4 

wsw 

25 

30-099 

30-045 

29-877 

29-780 

59-1 

385 

NE  by  N 

25 

29-929 

29-792 

51-2 

42-0 

wsw 

26 

29-653 

29-594 

29-532 

29-670 

56-1 

49-7 

ENE 

26 

29-508 

29-310 

53-3 

41-1 

E 

27 

29-659 

39-588 

29-458 

29-438 

61-4 

48-3 

SE  by  S 

27 

29-331 

29249 

56-0 

51-3 

sw 

28 

29423 

29-372 

29-254 

39-308 

63-6 

51-8 

SE  by  S 

28 

29-229 

29-102 

56-7 

51-3 

SSE 

29 

29-213 

29-231 

29-196 

29-275 

62-3 

534 

S  by  E 

29 

29-074 

28-904 

561 

473 

E 

30 

29-393 

29-532 

29-553 

29-517 

57-3 

51-0 

S 

30 

29-039 

29-256 

54-8 

49-6 

SSW 

31 

29-632 

29-800 

29-848 

29-877 

57-2 

46-8 

SWbvS 

31 

29-385 

29-613 

501 

44-4 

SW 
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KEW. 

GLASGOW. 

Barometer. 

Tempera- 
ture. 

•~  a 
o  o 

a  ° 

§2 

Barometer. 

Tempera 
ture. 

.2 

£ 

-♦a 

c3 

a 
1 

4  a.m. 

LOa.m. 

4  P.M. 

10  p.m. 

Max. 

Miu. 

22 

to 

o3 

9  A.M. 

9  P.M. 

Max. 

Min. 

CO 

u  a 

29-815 

56-2 

44-3 

5  % 

a 

29-405 

49-8 

42-1 

(5'S 

29-815 

29-806 

29-791 

SW  by  S 

i 

29-627 

SW 

2 

29747 

29-782 

29-762 

29700 

57-5 

52-8 

SW  by  S 

2 

29-349 

29-095 

514 

44-6 

SW 

3 

29-842 

29-954 

29  966 

30019 

55-0 

44-7 

SW 

3 

29-436 

29-726 

51-3 

43-4 

w 

4 

30-007 

29-983 

29-868 

29-771 

561 

35-7 

SE  by  E 

4 

29-812 

29-552 

50-1 

46-9 

s 

5 

29-594 

29-609 

29562 

29-585 

55-0 

40-6 

Wby  S 

5 

29  463 

29-352 

49-7 

42-1 

SSW 

6 

29-458 

29-390 

29-299 

29-299 

521 

40-7 

SW  by  W 

6 

29-263 

29-414 

46-9 

39-7 

ENE 

7 

29-408   29-597 

29-673 

29-729 

51-1 

37-9 

NWbyW 

7 

29-538 

29-557 

46-1 

37-1 

W 

8 

29-647 

29-535 

29-635 

29-721 

54-1 

38-0 

\V  b  j  - 

8 

29-497 

29-586 

42  1 

331 

E 

9 

29-718 

29-709 

29-676 

29-682 

534 

34-2 

S  by  W 

9 

29-661 

29-655 

44-8 

3S-3 

ENE 

10 

29614 

29-629 

29-606 

29-567 

573 

50-0 

SsE 

10 

29-537 

29-446 

52-0 

38-5 

E 

11 

29-488 

29-464 

29-447 

29-402 

57-2 

44-8 

SW  by  S 

11 

29-316 

29-142 

51-8 

43- 1 

ENE 

12 

29-287 

29-272 

29-237 

29-14S 

56-6 

49-2 

SSW 

12 

28-960 

28-921 

50-0 

45-9 

E 

13 

29-071 

29-137 

29-237 

29-405 

49-3 

43-1 

W  by  S 

13 

29-109 

29-243 

521 

44-0 

W 

14 

29-405 

29-254 

29-393 

29473 

52-6 

44-3 

W 

14 

29-006 

29-094 

46-3 

416 

W 

15 

29-485 

29-1541 

29-647 

29-635 

51-0 

41  7 

W  by  S 

15 

29-273 

29-239 

44-5 

39-1 

W 

16 

29-735 

29-903 

29-974 

29-974 

53-S 

44-7 

SWby  W 

16 

29-534 

29-535 

51-5 

40-0 

W 

17 

29-983 

30-060 

30-075 

30-122 

58-4 

52-2 

SW 

17 

29-534 

29-794 

553 

46-1 

W 

18 

30  078 

30-010 

29-915 

30-119 

573 

44-6 

SSW 

18 

29-512 

89-689 

49-6 

39-4 

w 

19 

30-267 

30-388 

30-352 

30-287 

49-9 

40-4 

WSW 

19 

29-977 

29-749 

47-9 

39  2 

SW 

20 

30-149 

30-102 

30-042 

29-983 

33-4 

47-7 

SW 

20 

29-535 

29-516 

50-7 

45-2 

W 

21 

29-857 

29-782 

29-738 

29-848 

54-0 

46-3 

Sby  W 

21 

29-484 

29-846 

48-7 

38-4 

W 

22 

30-051 

30-272 

30-320 

30-355 

47-6 

31-6 

NNW 

22 

30-106 

30-073 

45-1 

36-3 

s 

23 

30-275 

30-193 

30-042 

29-989 

46-9 

30-5 

N 

23 

29-833 

29-725 

49-3 

44-4 

s 

24 

29-939 

29-957 

29-998 

30-019 

48-1 

407 

WSW 

24 

29-712 

29-670 

48-2 

41-4 

SSW 

25 

30-057 

30-199 

30-202 

30-190 

51-0 

375 

SW  by  S 

25 

29-791 

29-664 

51-8 

41-3 

SW 

26 

30-172 

30-228 

30261 

30-370 

54-3 

40-7 

SW 

26 

29-893 

30-125 

51-1 

42-3 

w 

27 

30379 

30-382 

30-308 

30-340 

52-3 

37-0 

WSW 

27 

30-094 

30-147 

53-5 

41-2 

w 

28 

30-332 

30-367 

30-364 

30-379 

55-0 

44-9 

WSW 

28    30  162 

30-105 

52-1 

50-2 

SW 

29 

30-373 

30-379 

30-314 

30-299 

54-3 

42-4 

SW 

29    30-002 

29  904 

53-4 

491 

WSW 

30 

30-281 

30-293 

30-228 

30-169 

541 

1 

51-5 

SWby  Wl  30    30-004 

29-828 

49-4 

42-2 

w 

DECEMBER,  1913. 


1 

30-104 

30-104 

30-104 

30-143 

52-4 

47-7 

W 

1 

29-879 

29-858 

43-9 

39-6 

W 

2 

30-107 

30  066 

29-980 

29-951 

53 

3 

46-4 

SW  by  W 

2 

29-701 

29-462 

51-9 

41-3 

WSW 

3 

29-S42 

29-744 

29-538 

29-305 

53 

6 

49-6 

SW  by  S 

3 

29-100 

28-738 

50-5 

38-6 

SW 

4 

29-375 
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THE  NORTH  OF  ENGLAND  [NSTITUTE  OF  MINING  AND 
MECHANICAL  ENGINEERS. 


ANNUAL  REPORT  OF  THE  COUNCIL,  1913-1914. 


The  Institute  has  sustained  a  great  loss  through  the  death 
of  Mr.  Addison  Langhorne  Steavenson,  who  was  elected  a 
member  in  the  year  1855,  served  on  the  Council  from  the  year 
18GT,  and  was  elected  President  in  1893.  During  his  lifetime 
he  contributed  many  valuable  papers  to  the  Transactions,  was 
always  to  the  fore  in  discussing  papers  read  at  the  general  meet- 
ings, and  took  a  keen  practical  interest  in  the  Institute. 

A  decrease  in  the  membership  has  to  be  reported  for  the  fourth 
year  in  succession.  The  additions  to  the  register,  and  the  losses 
by  death,  resignation,  etc.,  are  shown  in  the  following  table:  — 

1910.  1911.  1912.  1913.  1914. 

Additions 
Losses     ... 
•  Jain 
Loss        —  19  44  25  28 

It  will  be  seen  from  the  table  that  the  fall  in  membership 
is  due  both  to  a  decrease  in  the  additions  and  to  an  increase  in  the 
Losses.  This  decrease  in  membership  is  no  doubt  in  part  the  result 
of  the  removal  of  the  headquarters  of  The  Institution  of  Mining 
Engineers  to  London  in  1909,  and  an  effort  must  be  made  to 
increase  the  membership  from  local  sources. 

The  membership  for  the  last  five  years  is  shown  in  the  follow- 
ing table  :  — 


84 

72 

61 

66 

55 

81 

91 

105 

91 

S6 

3 

— 

— 

— 



Year  ending  August  1st. 

1910. 

1911. 

1912. 

1913. 

1914 

Honorary  members 

26 

27 

24 

23 

24 

Members 

926 

921 

893 

874 

846 

Associate  members 

106 

107 

101 

100 

97 

Associates    ... 

214 

209 

204 

205 

206 

Students 

54 

43 

43 

38 

34 

Subscribers... 

35 

35 

33 

33 

35 

Totals 

..      1,361 

1,342 

1,298 

1,273 

1,242 

The  deaths  (l(i)  include  the  following:  Members:  Thomas 
Archer,  Thomas  Lee  Elwen,  Joseph  Green,  Carlos  A.  Lynes 
Husk-old.  John  Humble,  James  McMurtrie,  Thomas  Henry 
Michell,  Robert  Mitchinson,  Walter  Maurice  Redfearn,   David 
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William  Alban  Saunders,  John  Shiel.  Addison  Langhorne 
Steavenson,  Edgar  Ghreenhow  Sutherland,  Jonathan  Coulthard 
Walton  ;iiid  Frederick  Napier  White.  Associate  member :  John 
Hunt  Hedley. 

The  resignations  (35)  include  the  following  : — Honorary 
member:  Jethro  Justinian  Harris  Tea  11.  Members:  Ugo 
Bagnolij  John  Bigland,  Alfred  Hammond  Bromly,  Thomas 
Brough,  Charles  Butters.  Isaac  Taylor  Cheesman,  Vincent 
Corbett,  George  Stephen  Corlett,  Charles  Arthur  Crofton,  Fen- 
wick  Darling,  Henry  Richard  Hancock,  Jacob  Hodgson,  Walter 
Twining  Holberton,  Andrew  Kerr,  Edward  Thomas  Ornsby, 
Francis  Douglas  Osborne,  Charles  Phelps.  Archibald  John 
Lifford  Plunket,  Robert  William  Pringle,  Robert  Richardson, 
J.  B.  Robinson,  J.  S.  Robson,  Henry  Morton  Schmidt,  David 
Tyzack  and  William  Crlyde  Wilkins.  Associate  members: 
Ralph  1).  Cochrane,  Samuel  Coxon  and  Arthur  Kidson.  Associ- 
ates: Thomas  Maughan.  Edward  Nutley,  James  Smith  and 
Hugh  Lishman  Yielder.  Student:  John  Hunter.  Subscriber: 
Worthington  Pump  Company,  Limited. 

The  Library  has  been  maintained  in  an  efficient  condition 
during  the  year;  the  additions,  by  donation,  exchange  and  pur- 
chase, include  608  bound  volumes  and  40  pamphlets,  reports, 
etc.  ;  and  the  Library  now  contains  about  14,739  volumes  and 
531  unbound  pamphlets.  A  card-catalogue  of  the  books,  etc., 
contained  in  the  Library  renders  them  easily  available  for 
reference. 

Members  would  render  useful  service  to  the  profession  by  the 
presentation  of  books,  reports,  plans,  etc.,  to  the  Institute,  to 
be  preserved  in  the  Library,  and  thereby  become  available  for 
reference. 

An  exchange  of  Transactions  has  been  arranged,  during  the 
year,  with  the  Mines  Branch  of  the  Department  of  Mines, 
Ottawa. 

The  courses  of  lectures  for  colliery  engineers,  enginewrights 
and  apprentice  mechanics  have  been  continued  at  Armstrong 
College,  Newcastle-upon-Tyne.  The  lectures  are  delivered  on 
Saturday  afternoons,  and  the  three  years'  course  embraces  the 
following  subjects  :  — 

1914-1915.  Michaelmas  Term,  (1)  Transmission  of  Power,  and  (2)  Pump- 
ing and  Ventilation.  Epiphany  Term,  (3)  Iron  and  Steel,  and  (4)  Mining 
Machinery   (mainly  machinery  used  underground). 

1915-1916.  Michaelmas  Term,  (5)  Machine  Drawing,  and  (6)  Chemistry 
of  Fuel.  Epiphany  Term,  (7)  Strength  of  Materials  (with  experimental 
illustrations),  and  (8)  Experimental  Mechanics. 

19K.-1917.  Michaelmas  Term.  (9)  The  Steam-engine,  and  (10)  Theo- 
retical Electricity.  Epiphany  Term,  (11)  Electrical  Engineering,  and  (11') 
Haulage  and  Winding. 

Several  colliery-owners  have  paid  the  fees  (£1  10s.  per  annum) 
and  railway  expenses  of  pupils  attending  the  classes  from  their 
collieries.  During  the  past  year,  the  lectures  of  the  Michaelmas 
Term    on    The    Steam-engine    were    attended    by    35    students, 
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;iii(l  on  Theoretical  Electricity  by  35  students,  ;>-'5  of  whom  sat 
for  examination  and  •'?()  passed:  and  during  the  Epiphany  Term, 
tlir  Lectures  on  Electrical  Engineering  were  attended  by  -T5 
students,  and  on  Haulage  and  Winding  by  33  students,  33  of 
whom  sal  for  examination  and  20  passed.  Certificates  have  been 
awarded  to  the  following  students,  who  have  completed  the  three 
years'  course:  Messrs.  S.  II.  Abbott,  J.  Addison,  J.  B.  Aisbitt, 
J.  Jl.  Longstaff,  J.  A.  Metcalfe  and  W.  II.  Robson.  The  first 
and  second  prizes  tor  the  session  1913-1914  have  been  awarded  to 
Messrs.  .1.  E.  Lambert  and  .1.   Patterson  respectively. 

Mr.  Thomas  Douglas  continues  to  represent  the  Institute  as 
;i  Governor  of  Armstrong  College,  and  Mr.  .John  II.  Merivale,  in 
conjunction  with  the  President  (Mr.  \Y .  C.  Blackett),  represents 
the  Institute  on  the  Council  of  the  College. 

Mr.  Thomas  Edgar  Jobling  continues  to  represent  the  Insti- 
tute upon  the  Board  of  Directors  of  the  Institute  and  Coal  Trade 
Chambers  Company,  Limited. 

The  President  continues  a  Representative  Governor  upon  the 
Court  of  Governors  of  the  University  of  Durham  College  of 
Medicine  during  his  term  of  office. 

The  next  International  Congress  of  Mining,  Metallurgy, 
Applied  Mechanics  and  Practical  Geology  will  he  held  in  Eng- 
land in  the  year  1915,  and  Prof.  Henry  Louis  represents  the 
Institute  upon  the  Executive  Committee.  A  guarantee  fund  has 
heen  established  and  has  received  the  financial  support  of  the 
Institute,  and  also  a  number  of  prominent  gentlemen  and  com- 
panies connected  with  the  coal-trade  of  the  North  of  England. 

The  representatives  of  the  Institute  upon  the  Council  of  The 
Institution  of  Mining  Engineers  during  the  past  year  were  as 
follows: — Messrs.  R.  S.  Anderson,  W.  C.  Blackett,  W.  Cochran 
Carr,  Benjamin  Dodd,  J.  W.  Fryar,  T.  Y.  Greener,  Reginald 
Guthrie.  Samuel  Hare,  A.  M.  Hedley,  T.  E.  Jobling,  J.  P. 
Kirkup,  Philip  Kirkup,  C.  C.  Leach,  Henry  Louis,  John  H. 
Merivale,  W.  C.  Mountain,  J.  H.  Nicholson,  P.  E.  Ornsby,  C. 
B.  Palmer.  Walter  Powley,  E.  R.  Sin^son,  John  Simpson,  J.  G. 
Weeks.  \V.  B.  Wilson  and  E.  Seymour  Wood. 

Under  the  will  of  the  late  Mr.  John  Daglish,  funds  have  been 
placed  at  the  disposal  of  Armstrong  College  for  founding  a 
Travelling  Fellowship,  to  be  called  the  "  Daglish  "  Fellowship, 
candidates  for  which  must  be  nominated  by  the  Institute.  Mr. 
Samuel  Dean  was  in  January,  1914,  awarded  the  Fellowship,  and 
suitable  arrangements  have  been  made  for  Mr.  Dean  to  gain 
knowledge  and  experience  abroad. 

G.  C.  GrTeenwell  gold,  silver  and  bronze  medals  may  be 
awarded  annually  for  approved  papers  "  recording  the  results  of 
experience  of  interest  in  mining,  and  especially  where  deductions 
and  practical  suggestions  are  made  by  the  writer  for  the.  avoid- 
ance of  accidents  in  mines." 

A  G.  C.  Greenwell  bronze  medal  has  been  awarded  to  Dr.  T. 
Lister  Llewellyn  for  his  paper  upon  "  Illumination  at  the  Coal- 
tine,  with  Special  Reference  to  the  Incidence  of  Miners' 
Nystagmus." 
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Prizes  have  been  awarded  to  the  writers  of  the  following 
papers,  communicated  to  the  members  during-  the  year  1913- 
1914:  — 

"  Notes  on  Coal-mining  in  the  United  States  of  America,  with  Special 
^Reference  to  the  Treatment  of  Coal-dust,  and  Haulage  by  Electric 
Locomotives."  By  Mr.  Samuel  Dean,  M.I.M.E. 
"  The  Utilization  of  Exhaust-steam  for  Collieries,  Ironworks,  etc.,  and 
the  Cost  of  Electric  Current  Generated."  By  Mr.  William  Charles 
Mountain,  M.I.M.E. 

The  papers  printed  in  the  Transactions  during  the  year  are  as 
follows  :  — 

"  Notes  on  Coal-mining  in  the  United  States  of  America,  with  Special 
Reference  to  the  Treatment  of  Coal-dust,  and  Haulage  by  Electric 
Locomotives."    By  Mr.  Samuel  Dean,  M.I.M.E. 

"  Notes  on  a  New  Process  for  the  Washing  of  Coal  at  the  St.  Nicholas 
Pit  of  the  Societe  des  Charbonnages  de  l'Esperance  et  Bonne 
Fortune,  near  Liege,  Belgium."  By  Mr.  Leo  Dorey  Ford, 
Assoc.I.M.E. 

"  Notes  on  the  Working  of  the  St.  Nicholas  Pit  of  the  Societe  des 
Charbonnages  de  l'Esperance  et  Bonne  Fortune,  near  Liege, 
Belgium,  with  Special  Reference  to  the  Hydraulic  Packing  of  the 
Goaf."     By  Mr.  Leo  Dorey  Ford,  Assoc.I.M.E. 

"  A  Westphalian  Bye-product  Coking-plant  which  also  Supplies  Town- 
gas."    By  Mr.  Leo  Dorey  Ford,  Assoc.I.M.E. 

"The  Automatic  Distribution  of  Stone-dust  by  the  Air-current."  By  Mr. 
Henry  Wallace  Gregory  Halbaum,  M.I.M.E. 

"  Notes  on  Gob-fires  and  Blackdamp,  etc."   By  Mr.  John  Morris,  M.I.M.E. 

"The  Utilization  of  Exhaust-steam  for  Collieries,  Ironworks,  etc.,  and 
the  Cost  of  Electric  Current  Generated."  By  Mr.  William  Charles 
Mountain,  M.I.M.E. 

"  The  Comparative  Inflammability  of  Mixtures  of  Pit-gas  and  Air, 
Ignited  by  Momentary  Electric  Arcs."  By  Prof.  William  Mundeil 
Thornton,  Hon.  M.I.M.E. 

Aii  excursion  meeting  was  held  at  the  Nenthead  Lead-mines 
and  Works  of  the  Vieille  Montague  Zinc  Company  upon  August 
8th,  1913,  and  the  thanks  of  the  Institute  have  been  sent  to  the 
Company.  The  Council  have  arranged  an  excursion  to  the 
Home  Office  Experimental  Station  at  Eskmeals  upon  August 
29th,  1914. 

The  following  gentlemen  have,  during  the  year,  presented 
one  or  more  lamps  towards  the  collection  which  the  Council  are 
forming  to  replace  that  destroyed  by  fire  at  the  Brussels  Exhibi- 
tion :  — Messrs.  E.  F.  Ayton,  Frank  Coulson,  T.  C.  Eenwick,  W. 
13.  Wilson,  .Tun.,  and  F.  II.  Wynne. 

The  rooms  of  the  Institute  have  been  used,  during  the  year,  by 
the  Newcastle-upon-Tyne  Association  of  Students  of  The  Institu- 
tion of  Civil  Engineers;  the  Newcastle-upon-Tyne  Economic 
Society:  the  Institute  of  Bankers;  the  North-East  Coast  Institu- 
tion of  Engineers  and  Shipbuilders;  the  North-East  Coast  Asso- 
ciation of  Chartered  Secretaries;  the  Charity  Organization 
Society  ;  and  the  Northern  Under-managers  and  Colliery  Officials 
Mutual  Aid  Association. 


ANNUAL    REPORT    OE    THE    COUNCIL.  iX 

The  Council,  in  reporting  that  the  North  Eastern  Railway 
Company  had  granted  reduced  railway-fares  to  members  attend- 
ing general  or  excursion  meetings  of  the  [nstitute,  expressed  the 
hop.'  thai  the  concession  would  lead  to  an  increased  attendance  at 
the  meetings.  They  regrei  that  do  material  increase  bas  re- 
sulted, but  trust  that  in  the  future  a  larger  number  of  members 
will  avail  themselves  of  the  privilege. 

'I  he  Institution  0f  Mining  Engineers  has  now  completed  its 
twenty-fifth  year,  and  celebrated  the  occasion  by  providing  a 
capital  fund  of  £15,000,  of  which  £6,220  has  been  raised  by 
this  Institute.  The  money  has  been  placed  in  the  hands  of 
trustees,  and  invested  at  a  rate  producing  a  gross  income  of 
about  £600  per  annum.  The  contribution  of  2s.  per  member 
from  each  of  the  Federated  Institute's  to  the  funds  of  The 
Institution  of  Mining  Engineers  will  not  be  required  in  the 
future.  Steps  are  being  taken  to  obtain  a  Royal  Charter  of 
[incorporation  for  The  Institution  of  Mining  Engineers. 

Meetings  were  held  in  Manchester  in  September,  1913,  and 
in  London  in  June,  1914. 


ANNUAL  REPORT  OF  THE   FINANCE  COMMITTEE. 


ANNUAL  REPORT  OF  THE  FINANCE  COMMITTEE, 

1913-1914. 

The    Finance    Committee    submit    herewith    a    statement    of 
accounts  for  the  twelve  months  ending  June  30th,   1J14,  dulj 

LU  The 'total  receipts  were  £2,824  19s.  3d.  Of  this  amount  £38 
was  paid  for  life-compositions  in  lieu  of  annual  subscriptions, 
and  £36  19s.  as  subscriptions  in  advance,  leaving  £2,i4J  17s.  Jd. 
as  the  ordinary  income  of  the  year,  as  compared  with 
£2  ST7  5s.  3d.  in  the  previous  year.  The  amount  received  tor 
ordinary  current  year  subscriptions  was  £2,104  12s.,  and 
arrears  £249  13s.,  as  against  £2,133  2s.  and  £338  18s.  respec- 
tively in  the  year  1912-1913.  Transactions  sold  realized 
£31  13s  5d..  as  compared  with  £43  Ts.  3d. ;  and  the  sum  received 
for  interest  on  investments  was  £098  Is.  10d.,  as  compared  with 
£396  15s.  the  previous  year. 

The  expenditure  was  £2,752  9s.  -3d.,  that  for  the  previous 
year  having  been  £2,700  8s.  (id.  Increases  are  shown  in  fur- 
niture a nd  "repairs  (owing  to  the  renewal  of  the  flooring  in  the 
Lecture  Theatre);  in  postages  and  telephone,  and  in  heating, 
lighting  and  water.  There  is  also  the  sum  of  £155  15s.  3d.  paid 
to  the  Capital  Fund  of  The  Institution  of  Mining  Engineers  to 
make  up  the  amount  guaranteed  by  this  Institute  but  the 
greater  amount  of  this  has  already  been  recovered.  Decreases 
are  shown  in  the  contributions  to  The  Institution  of  Mining 
Engineers,  and  in  printing  and  stationery. 

The  balance  of  income  over  expenditure  was  £<2  Js.  lUd., 
and  adding  to  this  the  amount  of  £001  15s.  8d.  brought  forward 
from  the  previous  year,  leaves  a  credit  balance  of  £674  5s.  bd. 

The  names  of  33  persons  have  been  struck  off  the  member- 
ship list  in  consequence  of  non-payment  of  subscriptions,  the 
amounl  of  subscriptions  written  off  was  £187  2s.,  pf  which 
£90  18s.  was  for  sums  due  for  the  year  1913-1914,  and  £90  4s. 
for  arrears.  . 

It  is  probable  that  a  considerable  proportion  of  this  amount 
will  be  recovered  and  credited  in  future  years.  Of  the  amount 
previously   written   oft*,    £47   5s.   was  recovered  during   the  past 

J.  (I.  WEEKS.  Past-President. 
August  1st,  1914. 
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xh  ACCOUNTS. 

Dr.  The  Treasurer  in  Account  with  The  North  of  England 

for  the  Year  ending 

June  30th.  1913.  £      s.    d.       £      s.    d. 

To  balance  of  account  at  bunkers     ...         ...         ...         ...       507     1  10 

„  ,,        in  Treasurer's  hands         ...  ...  ...  ...  94  13  10 

601  15     8 


J  une  30th,   1914. 
To  dividend  of  1\  per  cent,  on  207  shares  of  £20  each   in 
the   Institute    and  Coal-trade  Chambers  Company, 
Limited,  for  the  year  ending  June  30fch,  1914        ...       310  10    0 

.,    interest  on  mortgage  of  £1,400  with  the  Institute  and 

Coal-trade  Chambers  Company,  Limited      ...  ...         49     0     0 

,,  dividend  on  £310  consolidated  5  per  cent,  preference 
stock  of  the  Newcastle  and  Gateshead  Water 
Company  17     0     0 

,,    dividend  on  £450  ordinary  stock  of  the  Newcastle  and 

Gateshead  Gas  Company         ...         ...         ...         ...         20     5     0 

,,  bank  interest  on  deposit  account  ...  ...  ...  ...  16  10 


To  sales  of  Transactions 

To  Subscriptions  for  1913-1914. 

AS  FOLLOWS  : — 

712  members     ... 

@  £2  2s. 

1,495 

4 

0 

79  associate  members 

@  £2  2s. 

165 

18 

0 

169  associates  ... 

@  £1  5s. 

211 

5 

0 

28  students 

@  £1  5s. 

35 

0 

0 

25  new  members 

@  £2  2s. 

52 

10 

0 

5  new  associate  members 

@  £2  2s. 

10 

10 

0 

10  new  associates 

@  £1  5s. 

12 

10 

0 

5  new  students 

@  £1  5s. 

6 

5 

0 

3  new  subscribing  firms 

@£2  2s. 

6 

6 

0 

1,995 

8 

0 

33  subscribing  firms  ... 

109 

4 

0 

2,104  12     0 
Less,  subscriptions  for  current  year  paid  in  advance 

at  the  end  of  last  year  ...  ...  ...         34     0     0 


2  new  members,  paid  life-compositions 

Add.  arrears  received 

2,358     5     0 
Add,  subscriptions   paid    in   advance  during    current 

year         36  19     0 


2,070 

12 

0 

38 

0 

0 

2,108 

12 

0 

249 

13 

0 

398     1   10 
31   13     5 


2,395     4     0 


£3,426  14  11 


ACCOUNTS. 

Institute  of  Mining  and  Mechanical  Engineers 
Jtnb  30tii,  1914. 


June  30th,  1914. 
By  salaries   and  wages 
insurance 

rent,  rates,  and  taxes 
heating,  lighting,  etc. 
furniture  and  repairs 
bankers'  charges     ... 
library 

printing,  stationery,  etc.  .. 
postages,  telephones,  etc.   ., 
incidental  expenses 
travelling  expenses 
prizes  for  papers     ... 
reporting  general  meetings 
library  catalogue     ... 
expenses  of  meetings 


Hj  The  Institution  of  Mining  Engineers: 

Calls,  etc 

Lets,  amounts    paid    by   authors   for 
excerpts    ... 


Ck. 


1,385 


2     3 


£   8. 

a 

524  11 

9 

15  4 

7 

37  3 

11 

44  6 

1 

110  5 

4 

21  0 

0 

16  19 

7 

201  2 

7 

89  14 

2 

76  3 

6 

38  19 

4 

7  7 

0 

8  8 

0 

15  17 

6 

fi  12 

10 

1.382  18     0 


Capital  Fund  :  total  amount  guaranteed       6,220     0     0 
Less,    amounts    received    and    bank 

interest 6,064     4     9 


155  15     3 


8.    d. 


1,213  16     2 


1,538  13     3 


By  balance  of  account  at  bankers  :  deposit  account 
„         ,,  .,  ,,  current  account 

,,         .,         in  Treasurer's  hands 


2.752     9     5 


250     0     0 

345     8     9 

78  16     9 


674     5     6 


£3,426  14  11 


V  ACCOUNTS. 

Da.  The  Treasurer  of  The  North  of  England  Institute  of  Mininq 


£       s.   d.       £       s.    d.       £       s.    d. 

To  874  members, 

51  of  whom  have  paid  life-compositions. 

823 

1  not  included  in  printed  list. 

824.  @  £2  2s 1,730     8     0 

To  100  associate  members, 

10  of  whom  have  paid  life-compositions. 

90 
1  not  included  in  printed  list. 

~~ 9i  @£2  2s 191     2     0 

To  205  associates, 

1  of  whom  has  paid  a  life-composition. 

204 

1  not  included  in  printed  list. 

205 

2  paid  as  members. 

203  @  £1  5s 253  15     0 

To     38  students. 

1  not  included  in  printed  list. 

~~ 39  @  £1  5s 48  15     0 

To     33  subscribing  firms  109     4     0 


2,333     4     0 


To     25  new  members                                @  £2  2s 52  10  0 

2      ,,           ,,          paid  life-compositions   ...          ...          ...  38     0  0 

To       5  new  associate  members               @  £2  2s.        ...          ...  10  10  0 

To     10  new  associates                              @  £1  5s 12  10  0 

To       5  new  students                                 @  £1  5s.       ...      ....  6     5  0 

To       3  new  subscribing  firms                   @£2  2s 6     6  0 


To  arrears,  as  per  balance-sheet,  1912-1913 304  11     0 

Add,  arrears  considered  irrecoverable,  but  since  paid   ...         47     5     0 


126     1     0 


351  16     0 


To  subscriptions  paid  in  advance  during  the  current  year 36  19     0 

£2,848     0     0 


ACCOUNTS.  xv 


AND  MkCHANICAL  EnGINBBBS  IN  ACCOUNT    WITH  SUBSCRIPTIONS,  1913-1914. 


Cr. 


By  712  members,  paid @  £2  2s.  1,495     40 

unpaid  ...  (a)  £2  2s. 


STHTCK    OFF 
PAID.  UNPAID.  LIST 

£         8-    d-  £         8.   d.  £         s."   d. 


6 
1 
4 

23 

824 


resigned         ...  @  £2  2s. 

excused  payment  @  £2  2s. 

dea<l @£2  2s. 

struck  off  list  @  £2  2s. 


163  16     0 


70  associate  members,  paid  @  £2  2s.      165  18     0 

7         "  »         unPai<l         @£2  2s u"l4     0 

1         ii  ».        dead  @  £2  2s. 

*         »  ..     struck  off  list  @  £2  2s.  


91 


By  169  associates,  paid    ...         ...  @  £1  5s.       211     5     0 

24         „  unpaid  ...  @  £i  5s 

resigned        ...  @  £1  5s. 

struck  off  list  @  £1  5S 

203 


30     0     0 


12  12  0 

2     2  0 

8     8  0 

48     6  0 


2     2     0 
8     8     0 


6 ...  (U^   3fl   OS.  9    in       A 

10     0     0 


By    28  students,  paid     @  £1  5s.         35     0     0 

9         »  unpaid  ...  @  £1  5s n'"5     0 

1         „  resigned        ...  @  £i  5s J"" 

1         ,,  struck  off  list  @  £1  5s.  ,     -     n 

15     0 

39 

By    33  subscribing  firms,  paid  109     4     0 

By    25  new  members,  paid         ...  @  £2  2s.         52  10     0 

"  "         Paid  life-compositions  38     0     0 

27 

BJ ^  new  associate  members,  paid  @  £2  2s.         10  10     0 

By    10  new  associates,  paid      ...  @  £1  5s.         12  10     0 

B-v I  "ew  indents,  paid         ...  @  £1  5s.  6     5     0 

BJ 3  new  subscribing  firms,  paid  @  £2  2s.  6     6     0 

Bv  arrears  *"■  12     °       219  16"~"°     "  *»  "     0 

ny  arrears  _  219  13     n         n    in     r.         ,.„      .      _ 


By  subscriptions  paid  in  advance  during  the 

current  year      ...         ...         >##  36  19     0 


219  13     0         11  ij)     o         90    4 
2,392     5     0 


0 


2,429     4     0      231  14    0       187     2     0 
£2,848^0     0 


VI  LIST   OF   COMMITTEES. 

LIST  OF  COMMITTEES  APPOINTED  BY  THE  COUNCIL, 

1914-1915. 


Mr.  Sidney  Bates. 
Mr.   W.  C.  Blackett. 
Mr.    W.  Cochran  Carr. 
Mr.  Thomas  Douglas. 


Finance  Committee. 

Mr.  T.  E.  Forster. 
Mr.  T.  E.  Jobling. 
Mr.   C.   C.   Leach. 
Mr.  George  May. 
Mr.   C.   B.   Palmer. 


Mr.   M.  W.  Parrington. 
Mr.  John  Simpson. 
Mr.  J.  B.  Simpson. 
Mr.  J.  G.   Weeks. 


Mr.  Sidney  Bates. 

Mr.  W.  C.  Blackett. 

Air.  W.  Cochran  Carr. 

Mr.  Thomas  Douglas. 


Arrears  Committee. 
Mr.  T.  E.  Forster. 
Mr.  T.   E.  Jobling. 
Mr.   C.  C.  Leach. 
Mr.  George  May. 
Mr.  C.  B.  Palmer. 


Mr.   M.  W.  Parrington. 
Mr.  John  Simpson. 
Mr.  J.  B.  Simpson. 
Mr.  J.  G.  Weeks. 


Mr.  R.  S.  Anderson. 
Mr.  J.  B.  Atkinson. 
Mr.  Frank  Coulson. 
Mr.  Benjamin*  Dodd. 
Mr.  Mark  Ford. 


Library  Committee. 

Mr.  T.  E.  Forster. 
Mr.  A.  M.  Hedley. 
Mr.   A.  C.    Kayll. 
Mr.  F.   0.   Kirkdp. 
Prof.  Henry  Louis. 


Mr.  George  May. 
Mr.  F.  R.  Simpson. 
Mr.  John  Simpson. 
Mr.  J.  G.  Weeks. 
Mr.   R.  J.    Weeks. 


Mr.  J.  B.  Atkinson. 
Mr.  T.  E.   Forster. 
Mr.  Samuel  Hare. 
Mr.  C.  C.  Leach. 


Prizes  Committee. 

Mr.   Austin  Kirk  up. 
Prof.  Henry  Louis. 
Mr.  John  Simpson. 
Mr.   R.  F.  Spence. 


Mr.  Simon  Tate. 

Mr.  J.  G.   Weeks. 

Mr.  E.  Seymour  Wood. 


Selection  and  Editing  of  Papers  Committee. 


Mr.   J.  B    Atkinson. 
Prof.  P.  Phillips  Bedson. 
Mr.   W.  C.  Blackett. 


Mr.  H.  F.  Bulman. 
Mr.  T.  E.  Forster. 
Mr.  Philip  Kirkup. 
Prof.  G.  A.  L.  Lebour. 


Prof.  Henry  Louis. 
Mr.  W,  C.  Mountain. 
Mr.  J.  G.  Weeks. 


N.B.  —  The  President  is  ex-officio  on  all  Committees. 


REPRESENTATIVES    ON    THE    COUNCIL    OF    THE 

INSTITUTION    OF   MINING    ENGINEERS, 

1914-1915. 


His  Grace  the  Duke  of 

Northumberland,  K.G. 
Mr.  R.  S.  Anderson. 
Mr.  W.  C.  Blackett. 
Mr.  W.  Cochran  Carr. 
Mr.  Benjamin  Dodd. 
Mr.  J.  W.  Fryar. 
Mr.  T.  Y.  Greener. 
Mr.  Reginald  Guthrie. 


Mr.  Samuel  Hare. 
Mr.  A.  M.  Hedley. 
Mr.  T.  E.  Jobling. 
Mr.  J.  P.  Kirkup. 
Mr.  Philip  Kirkup. 
Mr.  C.  C.  Leach. 
Prof.  Henry  Louis. 
Mr.  J.  H.  Merivale. 
Mr.  W.  C.  Mountain. 


Mr.  R.  E.  Ornsby. 
Mr.  Walter  Rowley. 
Mr.  F.  R.  Simpson. 
Mr.  John  Simpson. 
Mr.  Simon  Tate. 
Mr.  J.  G.  Weeks. 
Mr.  W.  B.  Wilson. 
Mr.  E.  Seymour  Wood. 


OFFICERS. 


OFFICERS,     1914-  1915 


PAST-PRESIDENTS  (»x-officio). 
Sir  LINDSAY  WOOD,  Bart.,  The  Hermitage,  Chester-le-Street. 
Mr.  .loil.X  BELL  SIMPSON,  Bradlej  Hall.  Wylam,  Northumberland. 
Mr.    THOMAS  DOUGLAS.  The  Garth,  Darlington. 
Mr.  GEORGE  MAY,  Clervaux  Castle,  Croft,  Darlington. 

Mr.  WILLIAM  ARMSTRONG:,  Elmfield  Lodge,  Gosforth,  Newcastle-upon-Tyne. 
Mr.  JOHN  GEORGE  WEEKS,  Bedlington,  Northumberland. 
Mr.  WILLIAM  OUTTERSON  WOOD,  South  Hetton,  Sunderland. 
Mr.  JOHN  HERMAN  MERIVALE,  Togston  Hall,  Acklington,  Northumberland. 
Mr.  THOMAS  EMERSON  FORSTER,  3,  Eldon  Square,  Newcastle-upon-Tyne 
Mr.  MATTHEW  WILLIAM  PARRINGTON,  Wearmouth  Colliery,  Sunderland. 
Mr.  WILLIAM  CUTHBERT  BLACKETT,  Acorn  Close,  Sacriston,  Durham. 

PRESIDENT. 
Mr.  THOMAS  YOUNG  GREENER,  Urpeth  Lodge,  Beamish,  County  Durham. 

VICE-PRESIDENTS. 
Mr.  JOHN  BOLAND  ATKINSON,  9,  Kensington  Terrace,  Newcastle-upon-Tyne. 
Mr.  S  A  MULL  HARE,  Howlish  Hall,  Bishop  Auckland. 
Mr.   THOMAS  EDCAR  JOBLING,  Bebside,  Northumberland. 
Mr.  CHARLES  CATTERALL  LEACH,  Seghill  Hall,  Northumberland. 
Prof.  HENRY  LOUIS,  4,  Osborne  Terrace,  Newcastle-upon-Tyne. 
Mr.  FRANK     ROBERT     SIMPSON,     Hedgefield     House,     Blaydon-upon-Tyne. 
County  Durliam. 

RETIRING  VICE-PRESIDENTS  {ex-officio). 
Mr.   FRANK  COULSON,  Shamrock  House,  Durham. 

Mr.  JOHN  SIMPSON,  Follonsby,  Hawthorn  Gardens,  Monkseaton,  Whitley  Bay, 
Nor  t  humberland. 

COUNCILLORS. 
Mr.  ROBERT  SIMPSON  ANDERSON,  Highfield,  Wallsend,  Northumberland. 
Mr.  SIDNEY  BATES,  The  Grange,  Prudhoe,  Ovingham,  Northumberland. 
Mr.  WILLIAM  COCHRAN  CARR,  Benwell  Collierv.  Newcastle-upon-Tyne. 
Mr.  BENJAMIN  DODD,  Percy  House,  Neville's  Cross,  Durham. 
Mr.  MARK  FORD,  Washington  Colliery,  Washington  Station,  County  Durliam. 
Mr.  TOM  HALL,  Ryhopc  Colliery,  Sunderland. 

Mr.  ARTHUR   MORTON  HEDLEY,  Eston  House,  Eston,  Yorkshire. 
Mr.  ALFRED  CHARLES  KAYLL,  (Worth,  Newcastle-upon-Tyne. 
Mr.  AUSTIN  KIRKUP,  Mining  Office,  Bunker  Hill,  Fence  Houses. 
Mr.   FREDERIC  OCTAVIUS  KIRKUP,  Medomsley,  County  Durham. 
Mr.  PHILIP  KIRKUP,  Leatield  House,  Birtley,  County  Durham. 
Mr.  WILLIAM  CHARLES  MOUNTAIN,  8,  Sydenham  Terrace,  Newcastle-upon- 
Tyne. 
Mr.  CLAUDE  BOWES  PALMER,  Wardley  Hall,  Pelaw,  Newcastle-upon-Tyne. 
Mr.  ROBERT  FOSTER  SPENCE,  Backworth,  Newcastle-upon-Tyne. 
Mr.  SIMON  TATE,  Trimdon  Grange  Colliery,  County  Durham. 
Mr.  RICHARD  JAMES  WEEKS,  Bedlington,  Northumberland. 
Mr.  RICHARD  LLEWELLYN  WEEKS,  Willington,  County  Durham. 
Mr.  ERNEST  SEYMOUR  WOOD,  Cornwall  House,  Murton,  County  Durham. 

TREASURER. 
Mr.  REGINALD  GUTHRIE,  Neville  Hall,  Newcastle-upon-Tyne. 

SECRETARY. 
Mr.  JOHN  HERMAN  MERIVALE,  Neville  Hall,  Newcastle-upon-Tyne. 

ASSISTANT    SECRETAHY. 
Mr.  ALLAN  CORDNER,  Neville  Hall.  Newcastle-upon-Tyne. 

AUDITORS. 
M.<-rs.   JOHN  G.   BENSON  and  SONS.    Newcastle-upon-Tyne. 

HANKERS. 
LLOYDS  BANK  LIMITED  (LAMBTON'S  BRANCH-,  Grey  Street,  Newcastle- 
upon-Tyne. 
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LIST     OF     MEMBERS, 

AUGUST  1,  1914. 

PATRONS. 

His  Grace  the  DUKE  OF  NORTHUMBERLAND. 

The  Most  Honourable  the  MARQUESS  OF  LONDONDERRY 

The  Right  Honourable  the  EARL  OF  DURHAM. 

The  Right  Honourable  the  EARL  GREY. 

The  Bight  Honourable  the  EARL  OF  LONSDALE. 

The  Right  Honourable  the  EARL  OF  WHARNCLIFFE. 

The  RiSht  Reverend  the  LORD  BISHOP  OF  DURHAM. 

The  Right  Honourable  LORD  ALLENDALE. 

The  Right  Honourable  LORD  BARNARD. 

The  Right  Honourable  LORD  RAVENSWORTH. 

The  Very  Reverend  the  DEAN  AND  CHAPTER  OF  DURHAM. 


HONORARY  MEMBERS  (Hon.  M.I.M.E.). 

*  Honorary  Members  during  term  of  office  only. 

Date  of  Election. 

1  JOHN  BOLAND   ATKINSON,   9,   Kensington  Terrace,   New- 

castle-upon-Tyne  (Vice-Pkesident,  Member  of  Council)      ...  Aug.    2,1913 

2*WILLIAM    NICHOLAS  ATKINSON,  I.S.O.,   H.M.  Inspector 

of  Mines,  123,  Cathedral  Road,  Cardiff  Aug.     4,1888 

3  RICHARD  DONALD  BAIN,  Aykleyheads,  Durham       June  10,  1911 

t*PEOF.  PETER  PHILLIPS  BEDSON,  Armstrong  College,  New- 
castle-upon-Tyne             * Feb.   10,  1883 

5  THOMAS  DOUGLAS,  The  Garth,  Darlington  (Past- President, 

Member  of  Cmmcil) Dec.    14,1912 

6  Prof.  WILLIAM  GARNETT,  London  County  Council  Education 

Office,  Victoria  Embankment,  London,  W.C.  Nov.  24,1894 

7*JOHN    GERRARD,     H.M.     Inspector     of     Mines,      Worsley, 

Manchester June  11,  1S92 

s '  I)k.  WILLIAM  HENRY  HA  DOW.  Armstrong  College.  Newcastle- 
upon-Tyne     Feb.   12,  1910 

!)  Sir  HENRY  HALL,  I.S.O.,  Brookside,  Chester  June  10,  1911 

10*HUGH    JOHNSTONE,    H.M.    Inspector    of    Mines,   3,    Priory 

I:  pad,  Edgbaston,  Birmingham Oct.    13,  1906 

IIM'rok.   GEORGE  ALEXANDER  LOUIS  LEBOUR,   Armstrong 

College,    Newcastle-upon-Tyne.     Transactions,   etc.,   sent   to 

RadelitlV  House,  Corbridge,  Northumberland 
12*JOHN     DYER     LEWIS,    H.M.     Inspector     of  Mines,   2,    St. 

Helen's  Crescent,  Swansea 
1.;   1'iiOF.    HENRY    LOUIS,    Armstrong    College,  Newcastle-upon- 
Tyne.        Transactions    -sent    to    The    Librarian,   Armstrong 

College,  Newcastle-upon-Tyne     ... 
L4*ROBERT  McLAREN,    H.M.    Inspector   of    Mines,    Drumclair, 

Airdrie 
L6*THOMAS    HARRY    MOTTRAM,    H.M.     Inspector    of    Mines. 

Doncaster 
16  DANIEL   MURGUE,    1,    rue    Honor*-   de   Balzac,    St.    Etienne 

(Loire),  France 
17*ROBERT  NELSON,  H.M.  Electrical  Inspector  of  Mines,  Mines 

Department,  \hnw  Office,  Whitehall,  London,  S.W.  ...  Dec.    11,  1909 

18'ARTHUR  DARLING  NICHOLSON,   H.M.  Inspctor  of   Mines, 

Caerleon,  Elmsley  Road,  Mossley  Hill,  Liverpool       June  10,  1911 


Nov.  1 , 

1879 

Dec.  11, 

1909 

Dec.  12, 

1S96 

Dec.  13, 

1902 

June  10, 

1911 

June  20, 

1908 

LIST    OF    MEMBERS.  SIX 

Date  of  Election. 

19*Sir  RICHARD  AUGUSTINE  STUDDERT  REDMAYNE,  H.M. 
Chief  Inspector  of  Mines,  Mines  Department,  Home  Office, 
Whitehall.  London,  S.W Dec.    11,  1909 

20*  Prof.  HENRY  STROUD,  Armstrong  College,  Newcastle-upon- 
Tyne   Nov.     5,  1892 

21*PBO#.  WILLIAM  MUXDELL  THORNTON,  Armstrong  College, 

New  castle- upon-Tyne         ...  ...  .  Feb    12    1910 

22' WILLIAM   WALKER,  H.M.  Inspector  of  Mines,  Tyne  Lodge, 

Grange  Loan,  Edinburgh' Oct.    14,1905 

23*PROF.  ROBERT  LUNAN  WEIGHTON,  2,  Park  Villas,  Gosforth, 

N'rwcastle-upon-Tvne         ...         ...  ...  April    2    1898 

24*JOHN    ROBERT    ROBINSON   WILSON,    H.M.    Inspector   of 

Mines,  Westfield  Drive,  Gosforth,  Newcastle-upon-Tyne    ...  Aug.    2,1913 


MEMBERS   (M.I.M.E.). 

Marked      have  paid  life  composition.  Date  of  Election 

ami  of  Transfer. 
1    Abbott,    Henry   Arnold,    H.M.   Inspector  of  Mines,    18, 

Priory  Road,  Sharrow,  Sheffield     ...         ...         ...         ...  Feb.    13,  1904 

■_'  Abel,    Walter    Robert,    Scottish    Provident    Buildings, 

Mosley  Street,  Newcastle-upon-Tyne       ...           ..         ...  Dec.      8,  1906 

3  AcOTT,    Sidney,     The    Barrett      Gold-mining     Company, 

Limited,  Kaapoche  Hoop,  Transvaal        ...         ...         ...  Dec.    10,  1904 

4  Adair,  Hdbert,  Gillfoot,  Egremont,  Cumberland April    8,  1905 

5  ADAMS,  George  Francis,  Chief  Inspector  of  Mines  in  India, 

Dhanbaid,  E.I.  Railway,  India      ...         ...         ...  Aug.     5,  1905 

6  Adams,  Phillip  Francis  Burnet,  Surveyor-General  for  the 

Orange  Free  State,  Government  Office,   Bloemfontein, 

Orange  Free  State,  South  Africa               ...          ...         ...  Oct.    12,  1901 

7  Adamson,    Thomas,   Jherriah    P.O..   District    Manbhoom, 

Bengal,  India Feb.    10,1894 

S  Ainsworth,    Herbert,    P.O.    Box    1553,    Johannesburg, 

Transvaal          Feb.    14,  1903 

9  AlNSWORTH,    John    W.,    Bridgewater    Offices,     W«,lkden, 

Manchester Dec.    14,  1895 

10  Aldktdge,  Walter  Hull,  c/o  William  B.  Thompson,  14, 

Wall  Street,  New  York  City,  U.S. A Feb.     8,1908 

11  Allan,  Philip       ...  June  10,  1905 

12  Allison,    J.    J.    G,    Woodland    Collieries,    Butterkuowle.  A.M.  Feb.   13.  1886 

County  Durham         M.June    8,1889 

13  Almond,   Charles    Percy,   Avoca    Lodge,  Village   Road,  A.  Oct.     9,  1909 

Enfield,  Middlesex    ...                       M.  June  13,  1914 

14  ANDERSON,  Robert  Simpson,  Highfield,  Wallsend,  North-  S.  June    9,  1883 

amberlaaid  (Member  of  Council)     ...         ...         ...         ...  A.M.  Aug.     4,  188S 

M.  Aug.    3,  1889 

15  Anderson,    William   Thomas,  P.O.   Box  57,  East  Rand, 

Transvaal         Oct.  12,  1912 

16  Andrews,  Arthur,  10,  Ashwood  Terrace,  Sunderland      ...  Aug.    2,  1902 

17  Andrews,  Edward  William,  4,  Ashwood  Terrace,  Sunder- 

land         Aug.    4,  1906 

I8*Angwin,     Benjamin,      3,     Penlu     Terrace,     Tuckingmill, 

Camborne         Nov.  24,  1S94 

19  Annett,  HtfJH  Clarkson,  Horden  Colliery  Office,  Horden,  S.  Feb.   15,  1906 

County  Durham         A.  June  20,  1908 

M.  Feb.     8,  1913 

20  Appleby,  William  Remsen.  Minnesota  School  of  Mines,  The 

University  of  Minnesota, Minneapolis,  Minnesota,  U.S.  A.  April  14,  1S94 

21  Archer,  William,  Victoria  Garesfield,  Lintz  Green,  County  A.Aug.     6,  1S92 

Durham                        ...          M.  Aug.     3,  1895 

22  Armstrong,  George   Herbert   Archibald,  Castle  View, 

Chester-le-Street        April   8,  1905 

23  Armstrong,   Henry,  Collingwood  Buildings,  Collingwood  A.M.  April  14,  18S3 

Street,  Newcastle-upon-Tyne          ...         ...         ...         ...  M.  June     8,  1S89 
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and  of  Transfer. 

AT  S   April   7,  1867 

26  AH'SlF«'.      ••      ^ ,The  Quarry,  Oxted,  New  Oxted  Aug     %  lM1 

2S  tJSS,  H—  BUo„  House,  Uoyds  Avenue,  London,  ^ 

29  A      castle.»Po..Tjne(\^^D     O'compa„y,  Lm.,ted,  ,M5 

-^SiSTu^ffi £*«*■*-   •    •"     J  7,185S 

32  Bain,  Richabd  Donald,  jxy      j 

v     EmebSO*    MUSCHAMP,  2,  Woodbine   Avenue  ^ 

33  ^S^C^^.  ^Lothian  Dec.    II.  1897 

34  Babnabd,  Robert^  ^fg^£  Colliery  and  Brickworks,  1909 
S  Barnes,  James,  Vale  rf  Olwga             alia                ...                         g    1884 

LlSgMASJ 3  WheS  km  Colliery  Office,  Thorn         ^  ^  891 

36  Babbass,  Matthew,  vv  ...  8,1900 

lev,  County  Durham...  *■  1ST4 

Whitehill    Hall,    Pelton    Fell,        S.  V 

37  Babbett,   Chafes   Roi^o,    NN  lutehiU  ...  A.M.  Aug.     i    i8g6 

County  Durham  •  "«'  Dec      9,1905 

a  -t    Brookside,  Seaton  Burn,  Dudley,        S.  Dec       ^  ^ 

3S    BARRETT,   ROLLO  SAM1   B*    I',"°k  .  ...  ...  £    *«,  U',    1913 

Northumberland        ••■  - 

WiLUAK       Beaton     Burn     Colliery,      Dudley,  ^      8>  19Q2 

0  B,KKs0rtKD"AKtnCathedral    Buildings,    Newcastle-upon-  ^      ^  19M 

40  Babbs,^              '.            gW|UUM.   Blakesley    Hall,    near  ^  ls--, 
41»Babtholomew,   i  habum.                        _                               .. 

Towcester               p'cHER,     Theatre     Lane,     Durban,  19Q9 
4.9  Bart./ett,    George    riLon*.*, 

Natal,  South  Africa^         ■      Q    Box  221,   Kamloops,  19l3 

43BATCHELOB,  Owen :  Salusbub* ,   r  J                     9Q 

British  Columbia^^  ^^  0vingham,  North-  A.   ^    ^  ^ 

U   BAT^SVet''^s2t;W-Uh)  New  South  Feb  1898 

45  Bates,  Thomas  Lionel,  ai«  ...         .. 

Wales,  Australia        -s-        g    g.   RomiUy  Smith,  1905 

16  BiT;M^&^m,  NOT1„r„e,,,„a    -. »,  .,o, 

,7    BiTEY,  Jok»  ffKvJ"Ti„v    The  CorJota  Copper  Company, 

Cordoba,  Spain  ••  p   H  Syndicate,  Limited,  g    l901 

49BATLISS,EBNESTJ0HN,c/0TheM.  ^  -1 

,.      Shames  E o  CoS  Ag,-.  ^  Pearl  Street,  New  ^    ^  1903 

kYVASty,U;^.    -^    -Fairleigh Colliery,  Limited,  g>  190? 

=51    BEKENN,  ALEXANDEB  BICHARW,  {nca 

p.O  Box  30  Newcastle  Nata^,              Hetton.ie-Hole,  190, 

52  I'.ki.l,  Joseph   Keswick,   Eppleton                                     ...  ^     ^  ig()2 

(  "ll"lV    l,Ul'h^h\hlon  Lodge  Colliery,  Darlington        ...  8j  i|89 

B  g£  8SSS  o^  BA  and  Company,  Hull           ...  }0  J894 

55B^WiIxiAMR-H,HyltottColliery,  near  Sunderland  -  Dec.   12,  l903 
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56  Bennett,  Arthur  Edgar,   Botallack,   Limited,  St.   Just, 

Cornwall  ...  ...  Dec.    14,  1912 

57  Bennett,  Alfred  Henry,  Bedmiuster,  Easton,  Kingsvvood  A.M.  April  10,  1886 

and Parkfield Collieries, Limited, Easton Colliery, Bristol      M.  June     8,  1889 

58  Benson,  Robert  Seymour,  Teesdale  Iron  Works,  Stockton- 

upon-Tees         ...  ...  April    8,1911 

59  Berkley,     Richard     William,     Marley    Hill,     Swalwell,        S.  Feb.    14,  1874 

County  Durham  ..         A.M.Aug.     7,1880 

M.  June    8,  1889 

60  Best,   Earle,   12,  Station    Road,    Hetton  de-Hole,  County 

Durham  April  13,  1912 

61  Bigg- Wither,  Harris,  The  Mount,  Gathurst,  Wigan        ...  Jan.    19,  1S95 

62  BlGGE,    Denys    Leighton    Selby,     Mercantile   Chambers, 

53,  Both  well  Street,  Glasgow       June  10,  1903 

63  Bigland,  Hubert  Hallam,  c  o  J.  H   Holmes  and  Company, 

19,  Waterloo  Street,  Glasgow        Dec.    14,1901 

64  Bird,  Edward  Erskine,  c/o  George  Elliot  and  Company, 

Limited,  16,  Great  George  Street,  Westminster,  London,  A.M.  Aug.    5,  1905 

S.W M.  Dec.    14,  1907 

65*Birkinshaw,    Frederick   Edson,  Marbella,   Provincia  de 

Malaga,  Spain  Dec.    10,  1910 

66  Blackett,    William   Ccthbert,  Acorn    Close,    Sacriston,        S.  Nov.     4,  1876 

Durham  (Past-President,  Member  of  Council) A.M.  Aug.     1,  1885 

M.  June     8,  1889 

67  Blaiklock,  Thomas  Henderson,  The  Flatts,  near  Bishop 

Auckland         April  13,  1901 

68  Blair,  Robert  Richmond,  Richmond    Hill,     Whitehaven      A.  Aug.     2,  1902 

M.  Feb.    11,  1911 

69  Bl.yndford,  Thomas,  Crait hie  Road,  Doncaster       S.  Dec.    12,  1903 

A.  Aug.    3,  1907 
M.  June  12,  1909 

70  Blatuhford,  William    Hoopkr,   Greytown,  Natal,  South 

Africa  Feb.   10,  1912 

71  Blenner-Hassett,  Gerald,  P.O.  Box  914,  Durban,  Natal, 

South  Africa    ...  Oct.    14,1911 

72  Bonniwell,    Percival  Ormond,   222-225,  Strand,  London, 

W.C Dec.    12,  1903 

73  Booth,  Frederic  Lancelot,  Ashington  Colliery,  Morpeth        S  Feb.   10,  1894 

A.  Aug.    4,  1900 
M.  April   8,  1911 

74  Borlask,  William  Henry,  Greenside  Lodge,  Glenridding, 

Penrith  ,  ...  Aug.     4,  1894 

75  Bowen,  David,  68,  Prudential  Buildings,  Park  Bow,  Leeds  April   3,  1909 

76  Bowman,    Francis,    Ouston    Colliery    Office,     Chesterde-       A.  June    8,  1895 

Street M.  Feb.    13,  1904 

77*Bracken,   Thomas   Wilson,  40,   Grey   Street,   Newcastle- 
upon-Tyne       ...  Oct.    14,  1899 

78  Braidford,    William,    Jun. ,    South  Garesfield  Colliery, 

Lintz  Green,  County  Durham  ...         ...  June  14,  1902 

7!i   Bra  m  well,  Hugh,  Great  Western  Colliery,  near  Pontypridd         S.  Oct.      4,  1879 

A.M.  Aug.     6,  1887 
M.  Aug.     3,  1889 

SD  Breakell,    John    Edwin,   cb  J.    Rossner   and   Company, 

Tegucigalpa,  Republic  of  Honduras,  Central  America  April  25,  1896 

81*Brinell,  Johan  August,  Jernkontoret,  Stockholm,  Sweden  June    9,  1900 

82  Brodigan,    Charles    Bernard,   P.O.    Box    3,     Brakpan, 

Transvaal         Oct.    13,  1906 

S3  Brookshank,    Frank,  Kinta  Association,    Limited,    Ipoh, 

Perak,  Federated  Malay  States      April    4,1914 

84  Broome,  George  Herbert,  Wonthaggi,  Victoria,  Australia  Oct.      9,  1897 

85  Brown,    Dou<;las    Philip,    The     Old     House,     Sowerby, 

Thirsk June  11,  1898 
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86  Brown,  Edward  Otto  Forster,  706-707,  Salisbury  House,        S.  Dec.    14,  1901 

Finsburv  Circus.  London,  E.C A.  Aug.     3,  1907 

A.M.  Oct.    12,  1907 
M.  Dec.    14,  191-2 

87  Brown,  John,  East  Indian  Railway  Collieries,  Giridih,  E.I 

Railway,  Bengal,  India        


SS  Brown,  John  Connell,  Westport  Coal  Company,  Limited, 
Denniston,  New  Zealand 

89  Brown,  Myles,  4,  Beaconsfield  Crescent,  Low  Fell,  Gates- 

bead-upon-Tyne 

90  Brown,  Robert  Oughton,  Newbiggin  Colliery,  Xewbiggin- 

by-tbe-Sea,  Northumberland  

91  Brown,    Ralph   Richardson,    Pekin   Syndicate,   Limited, 

Honan,  North  China 

92  Brown.   YV.   F<>kster,   Cefn  Coed,   Malpas,  Newport,  Mon- 

mouthshire 

93  Browne,  Robert  John,  Bhowra. Colliery,  Jamadaba  P.O. , 

District  Manbhoom,  Bengal,  India 

94  Browning,     Walter    James     co    Rio    Tinto    Company, 

Limited,  Provincia  de  Huelva,  Spain 

95  Bruce,  John,  Port  Mulgrave,  Hinderwell,  Yorkshire 


S.  June  8,  1907 
A.  Aug.  7,  1909 
M.  Feb.  11,  1911 


Feb.     8,  1908 

June  14,  1913 
S.  Oct.      8,  1892 


96  Bryham,  William,  Bank  House,  Wigan 

97  Bull,    Henry    Matthews,    Gopalichak 

Limited,  Bansjora,  Bengal,  India 

98  Bulman,     Harrison     Francis     Priestfield, 

County  Durham 


Coal    Company, 
Burnopfield, 


A.  Aug. 
M.  Oct. 

Aug. 
S.  Aug. 
M.  Aug. 

Feb. 

Oct, 

S.  Feb. 

A.M.  Aug. 

M.  June 

Dec. 


1895 
1901 


3,  1907 

6,  1887 
5,  1893 

10,  1906 

12,  1907 
14,  1874 

7,  1880 

8,  1889 

5,  1900 

9,  1904 
2.  1874 

6,  1881 
8,  1889 
6,  1873 
5,  1882 
8,  1887 


Oct.  11,  1913 
Aug.     3,  1912 


April 
S.  May 
A.M.  Aug. 
M.  June 
99  Bunning,  Charles  Ziethen,  c/o  The  British  Vice-Consul,        S.  Dec. 
Pandemia,  near  Constantinople,  Turkey  ...         ...  A.M.  Aug. 

M.  Oct. 

100  Birchell,  George  B.,  505,    McGill   Building,   Montreal, 

Quebec,  Canada 

101  Burford,  James  Wilfred,  co  Lobitos  Oil-fields,  Limited, 

Lobitos,  Paita,  Peru,  South  America 
102*Burls,  Herbert  Thomas,  15,  Victoria  Street,  Westminster, 

London,  S.W. 
1 03*BrRN ,  Era x k  Hawthorn ,  9,  Sandhill,  Newcastle-upon-Tyne, 

Transactions  sent  to  Pattishall  House,  Towcester 

104  Burne,  Cecil  Alfred,  Earlham,  Bishopswood  Road,  High- 

gate,  London,  N. 

105  Burnett,  Cuthbert,  17,  Camden  Crescent,  Bath    ... 
106*Burns,  David,  Vallum  View,  Bellevue,  Carlisle 

107  Burton,  George  Augustus,  Highfield,  Nunthorpe,   York- 

shire        Dec.     9,  1905 

108  Calder,     William,      7,     Coleraine     Road,      Blackiieath, 

London,  S.E Aug.    2,1913 

loll  ( '  \rnegie,     Alfred    Quintin,    31,     Manor    House    Road, 

Newcastle-upon-Tyne  Oct.    11,  1902 

110  Carnes,  Charles  Spearman.  Marsden  Hall,  South  Shields  Aug.     1,  1891 

1 1 1  Casebourne,    Samuel    Ward    Jackson,    24,     Beechwood 

Avenue,  Darlington Dec.    10,1904 

112  Casson,  William  Walter,  St.  Bees,  Cumberland Aug.    5,  1905 

113  Chambers,    David    Macdonald.    47,    Inverness    Terrace,  A.M.  Oct.      8,  1904 

Bayswater,  London,  W.       ...  .  ...  M.  June  12,  1909 

114  Chambers,  R.   E.,  Nova  Scotia  Steel  and  Coal  Company, 

Limited,  New  Glasgow,  Nova  Scotia        ..  June     9,1900 

115  CHANNING,    J.    Parke,    42,    Broadway,    New    York    City, 

U.S.A April  25,  1896 


Feb. 

9, 

18S9 

S.  Feb. 

9, 

1889 

A.  Aug. 

4, 

1894 

M.  Aug. 

3, 

1S95 

S.  Aug. 

4, 

1894 

M.  Aug. 

3, 

1901 

June 

8, 

1895 

May 

5, 

1S77 
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16*Chappel,     Walter     Richard     Haighton,    Ipoh,    Perak, 
Federated  Malay  States 

17  Chakleton,  Arthur  George,  5,  Avonmore  Road,  Kensing- 

ton, London,  W. 

18  Charlton,  Bernard  Hedley,    Hedley  Hope,    Tow   Law, 

County  Durham 

19  Charlton,  William,  Guisborough 

20  CHARLTON,    William    John,    H.M.    Inspector    of    Mines, 

32,  Western  Hill,  Durham    .. 

21  Chater,  Cecil  William,  Tavoy,  Lower  Burma 

22  CHEESMAN,  Edward  Taylor.  Clara  Vale  Colliery,  Ryton, 

County  Durham 

23  Cheesman,  Herbert,  Hartlepool 

24  Cheesman,  Nicholas,  228,  Hayden  Road,  Nottingham     ... 

25  Chicken,   Bourn  Russell,  212,   Osborne  Road,  Jesmond, 

Newcastle-upon-Tyne 

26  Childe,  Henry  Slade,  59,  Westgate,  Wakefield     A. 

27  Church,  Robert  William,  Government  of  India  Railway 

Board,  Secretariat  Buildings,  Calcutta,  India   ... 

28  Claghorn,    Clarence     R.,     Northwestern    Improvement 

Company,     Headquarters     Building,    Tacoma,     Wash- 
ington, U.S.A. 

29  (lark,    Henry,    84,    Moss   Street,    Victoria,   Vancouver, 

British  Columbia 

30  Clark,  Robert,  Bracken  Road,  Darlington  ... 

31  Clark,   Robert   Blenkinsop.  Springwell   Colliery,  Gates- 

head-upon-Tyne 

32  Clark,  William  Hknry  

33  Clifford,  Edward  Herbert.  Rand  Club,  Johannesburg, 

Transvaal 

34  Clifford,      William,      North     Park,      near     Jeannette, 

Pennsylvania,  U.S.A. 

35  Cltmas,  Arthur  Bertram,  Botallack,  St.  Just,  Cornwall 

36  Clive,  Lawrence,    H.M.   Inspector  of  Mines,    Springfield 

House,  Newcastle,  Staffordshire  .. 

37  Clothier,   Henry  William,  3,    Park   Villas,  The  Green, 

Wallsend,  Northumberland 

38  Clough,   Edward  Stokoe,  Bomarsund  House,  Bomarsund, 

Bedlington,  Northumberland 

39  Clough,  James,  Bomarsund  House,  Bomarsund,  Bedlington, 

Northumberland        ...         ...         ...         ...         ...         ...A. 

40  Cochrane.  Brodie,  Hurworth  Old  Hall,  near  Darlington  ... 

41  Cock,  Bent,  Woodbine,  Beacon  Hill,  Camborne 
42*Collins,   Hugh  Brown,  Auchinbothie  Estate  Office,  Kil- 

macolm,  Renfrewshire 

43  Collins,  Victor  Buyers,  Lewis  Street,  Islington,  via  New- 

castle, New  South  Wales,  Australia 

44  Colquhoun,  Thomas  Grant,  28,  Sylvan  Road,  Exeter 

45  Commans,  Robert  Edden,  9,  Queen  Street  Place, London, E.C. 

46  Comstock,   Charles   Worthington.   514,    First    National 

Bank  Building,  Denver,  Colorado,  U.S.A. 

47  Cook,  George,  H.M.  Inspector  of  Mines,  Oakbank,  White- 

haven   ... 

18  COOK,    Joseph,     Washington     Iron     Works,     Washington, 
County  Durham 

49  Cook,  Joseph,  Jun.,  Washington  Iron  Works,  Washington, 

County  Durham 

50  Cook,  James  Falshaw,  Washington  Iron  Works,  Washing- 

ton, County  Durham 


Date  of  Election 
and  of  Transfer. 

Feb. 

14, 

1903 

Aug. 

6, 

1892 

April  12, 
Feb.    12, 

1913 

1898 

A 
M. 

A. 

April 
Aug. 
Apri' 
Aug. 

12, 
7, 

13, 
2, 

1902 
1909 
1912 
1890 

M. 

Aug. 
Aug. 

6,' 
6, 

1892 

1892 

Dec. 

8, 

1900 

Dec. 

12, 

1903 

M. 

Feb. 

12, 

1887 

M 

S 

Aug. 
Dec. 

3, 

9, 

1889 
1905 

A. 

M. 

Aug. 
Oct. 

3, 

12, 

1907 
1907 

Aug. 

■r>, 

1899 

April   8,  1899 

Feb.   15,  1896 

S.  May     3,  1873 

M.  Aug.    4,  1877 

April  28,  1900 

S.  Oct.    13,  1S94 

A.  Aug.    6,  1898 

M.  April   8,  1911 

Feb.     9,  1895 
Dec.    10,  1910 

Aug.    2,  1913 


June 
A.  Feb. 
M.  April 
S.  April 
M.  Aug. 
M.  June 

Dec. 

June 


12,  1909 

14,  1903 

8,  1911 

5,  1873 
3,  187S 
8,  1889 

6,  1866 
11,  1910 


April  14,  1894 

June  11,  1904 
Dec.  14,  1898 
Nov.  24,  1894 

June  10,  1905 

S.  Aug.    2,  1902 

A.  Aug.     5,  1905 

M.  Feb.   10,  1912 

May      S,  1869 

Oct.      9,  1897 

Feb.    12,  1898 
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LIST    OF    MEMBERS. 


151  Cook,  John  Watson,  Binchester  Hall,  Bishop  Auckland... 

152  Cooke,  Henry  Moore  Annesley,  Coromandel,  Kolar  Gold- 

field,  Mysore,  India   . 
153*Coppee,    Evence,    103,   Boulevard  de   Waterloo,   Brussels, 
Belgium 

154  Cokbett,  Vincent   Charles    Stuart    Wortley,    Chilton 

Moor,  Fence  Houses  ... 

155  Cordt,  Fred  Coth bert  ...  

156  Cothay.   Frank   Hernaman,   Adjah   Bippo,  Abosso,  Gold 

Coast  Colony,  West  Africa 
L57  Coulson,    Frank.   Shamrock    House,    Durham    (Retiring 
Vice-President,  Member  of  Council)        

158  CotrvES,   Karry  Augustus,  Tovil,  Westfield  Avenue,  Gos- 

forth,  Newcastle-upon-Tyne 

159  Cowell,  Edward,  Horden  Colliery,  Horden,  Sunderland  ... 

160  Cowell,  Joseph  Stanley',  Vane  House,  Seaham  Harbour, 

County  Durham 

161  Coxon,  William  Button,  Seaton  Hill,Boosbeck,  Yorkshire 


162  Cragg,  James  Horace  Maitland.  53,  Manor  House  Road, 

Newcastle-upon-Tyne 
16.'?  Craster,    Walter    Spencer,    P.O.    Box    336,    Salisbury, 

Rhodesia,  South  Africa 

164  Craven,  Robert  Henry',  The  Libiola  Copper-mining  Com- 

pany, Limited,  Sestri  Levante,  Italy 

165  Crawford,  James  Mill,  Denehurst,  Ferry  Hill 

166  Crookston,  Andrew  White,  18S,  St.  Vincent  Street,  (Glas- 

gow 

167  Crosby",  Arthur,  Douglas  Collier)',  Limited,  Mine  Office,  A.M 

Crown-Douglas  Junction,  Balmoral,  Transvaal  ..  ...       M 

168  Cross,  William  Haslam,  77,  King  Street,  Manchester     ... 

169  Croudace,  Francis  Henry  Lambton,  The  Lodge,  Lambton, 

Newcastle,  New  South  Wales,  Australia 

170  Croudace,    Sydney,    Wallsend    Colliery,    Wallsend,   New 

South  Wales,  Australia 

171  Cruz    y     Diaz,     Emiliano    de    la,    Director-General    de 

l'Empresa     Minas     et     Minerales,      Limited,      Ribas, 
Provincia  de  Gerona,  Spain  .. 

172  Cullen,  Daniel,  P.O.  Box  4352,  Johannesburg,  Transvaal 

173  Ccllen,  Matthew,  The  Clydesdale  (Transvaal)  Collieries, 

Limited,  Springs,  Transvaal 

174  Cummings,  John,  Hamsterley  Colliery,  County  Durham    ...       A 

M 

175  Currie,  Walter,  c/o  The  Standard  Bank  of  South  Africa, 

10,  Clements  Lane,  London,  E.C. 

176  Curry,  George  Alexander,  Thornley  House,  Thornley, 

( 'ounty  Durham 

177  Curry,  Michael,  Cornsay  Colliery,  Durham  

178  Daglish,   William   Charlton,    Littleburn   Colliery,    near 

Durham 

179  Dak i;us,  William  Robson,  Tudhoe  Colliery,    Spennymoor  A.  M 

M 

180  Dan,    Takuma,    Mitsui    Mining   Company,    1,   Suruga-cho, 

Nihonbashi-ku,  Tokyo.  Japan 

181  Danchich,  Valerian       

182  Daniel,  Peter  Francis,  Greymouth,  New  Zealand 

183  Darlington,  Cecil  Ralph,  c/o  Tata,  Sons  and  Company, 

Nausari  Buildings,  Fort,  Bombay,  India 

184  Darlington,  James,  Black  Park  Colliery,  Ruabon S. 

M 


Date  of  Election 
and  of  Transfer. 

Oct.  14,  1893 

Dec.  12,  1896 

Feb.  9,  1907 

Sept  3,  1870 
June  1,  1912 

Aug.  2,  1913 

Aug.  1,  1868 

,  Aug.  2,  1873 

Feb.  10,  1906 
Oct.  8,  1904 
June  20,  1908 

Dec.  12,  1908 
Feb.  12,  1898 
Aug.  2,  1902 
Feb.  12,  1910 

Aug.  6,  1910 

Dec.   8,  1900 

Feb.  11,  1905 
Feb.  14,  1903 

Dec.  14,  1S95 
Aug.  7,  1897 
April  12,  1902 
Feb.  8,  1902 

June  8,  1907 

June  8,  1907 


June  14,  1902 
Dec.  11,  1909 

Feb.  12,  1910 
Aug.  2,  1902 
Dec.  14,  1907 

April  25.  1896 

Oct.  12,  1907 
Aug.  6,  1898 


Dec.  12,  1896 
Oct.  14,  1882 
Aug.  3,  1889 

April  14,  1894 
June  10,  1911 
April    8,  1893 

Dec.  10,  1910 
Nov.  7.  1874 
Aug.  4,  1877 


LIST    OF    MEMBERS. 


is;,   Davidson,  Allan  Arthur,  co  P.  F.  Fuller,  638,  Salisbury 

House,  London  Wall,  London,  E.C. 
186  Davidson,   Christopher  CYnnion,  Hardheads,  Fgremont, 

Cumberland 
1ST    DavIES,  David,  Oowell  House,  Llanelly 
1SS  Davibs,  William,  West  View,  New  Brancepeth  Collier)', 

Durham 
I- 9   Davibs,  William  Stephen,  Maesydderwen,  Tredegar 

190  Daw,     Albert     William,     11,    Queen     Victoria    Street, 

London,  E.C.    .. 

191  Daw,  John  W.,   co   Millers,   Limited.  Axim,  Gold  Coast 

Colony.  West  Africa 

192  Dean,   Harry,  Eastbourne  Gardens,  Whitley  Bay,  North- 

umberland 

193  Dean,  John,  The  Wigan  Coal  and  Iron  Company,  Limited, 

Wigan 

194  Dean,  Samuel,  co  John   Dean  and  Son,  22,  Lord  Street, 

Liverpool 
19.")  Dew,  James  Walter  Henry,  8,  Laurence  Pountney  Hill, 

Cannon  Street,  London,  E.C. 
196*Dewhurst,  John  Herbert,  28  and  29,  Threadneedle  Street, 

London,  E.C.  ... 

197  Dickinson,     Arthur,     353,     Mansion     House     Chambers, 

11,  Queen  Victoria  Street,  London,  E.C. 

198  Dietzsch,    Ferdinand,   c/o  Miss  P.   Dietzsch,  7,  Emanuel 

Avenue,  Acton,  London,  W. 
199*Dingwall,       William      Burleston-Abigail,      co      The 

Hutchins,    205,    Garden    Street,  San  Antonio,   Texas, 

U.S.A.  ....  

200*Ditmas,  Francis  Ivan  Leslie,  The  Old  Rectory,  Hammer- 

wich,  Lichfield 

201  Dixon,  Clement,  P.O.  Box  305,  Bulawayo,  Rhodesia,  South 

Africa    ... 

202  Dixon.    David    Watson,   Lumpsey  Mines,  Brotton.  York- 

shire 

203  Dixon,  George,  Sejooah  Colliery,  Sijua  Post  Office,  E.I.R., 

Manbhoom  District,  India  ...         ...         ...     _     ... 

204  Dixon,  Joseph  Armstrong,    Shilbottle  Colliery,  Lesbury, 

Northumberland        ...         ...         ...         

205  Dixon,  William,  Park  House,  Bigrigg,  Cumberland 

206  Dobb,  Thomas  Gilbert,  Brick  House,  Westleigh,  Leigh  ... 

207  Dodd.   Benjamin,   Percy  House,  Neville's   Cross,   Durham 

(Member  of  Council)  ... 

208  Donald,    William    E.,    Redburn    House,    Bardon    Mill, 

Northumberland 
209*Donkin,  William,  Macequece,  Portuguese  East  Africa    ... 


210  Dormand,  Ralph  Brown,  Cambois  House,  Cambois,  Blyth 

211  Douglas,    Arthur     Stanley,     Bearpark     Colliery,    near 

Durham 

212  Douglas,  James,  99,  John  Street,  New  York  City,  U.S.A. 

213  Douglas,    Matthew    Heckels,    Stella   House,    Low    Fell,  A. 

(>ateshead-upon-Tyne 

214  Dover,  Thomas  William,  Sherburn  Colliery,  near  Durham 

215  Draper,  William,  Silksworth  Colliery,  Sunderland 

216  Dunkerton,  Ernest  Charles,  53,  Grosvenor  Place,  New- 

castle-upon-Tyne 
'-'1/   Dunn,  George  Victor  Septimus,  c/o  G.  J.  H.  Nicholson, 
St.  Georges  Terrace,  Perth,  Western  Australia 


Date  of  Election 
and  of  Transfer. 


April  13,  1907 

Oct.  10,  1908 
Dec.   9,  1899 

Dec.   9,  1911 
Feb.  14,  1903 

June.  12,  1897 

Dec.  14,  1895 

June  10.  1905 

Feb.  13,  1904 

Oct  13,  1906 

June  10,  1911 

April  2,  1898 

April  14,  1894 

Aug.  5,  1899 


Aug.  4,  1900 
June  11,  1898 
June  14,  1902 

Dec.  14,  1912 

Nov.  2,  1872 
June  13,  1896 
Aug.  6,  1904 
Dec.  8,  1906 


Dec.  14, 
April  10, 
Dec.  8, 
May  3, 
Aug.  1, 

Oct.  14, 
Sept  2, 
Aug.  1, 
June  8, 
Dec.  9, 
Aug.  3, 

Feb.  13, 
Oct.  14, 
Aug.  2, 
Aug.  3, 
April  4, 
Dec.  14, 
Dec.  12, 


1901 
1897 
1894 
1866 
1868 

1905 
1876 
1885 
1889 
1893 
1901 

1904 
1899 
1879 
1889 
1914 
1889 
1903 


Feb.  9,  1907 
June  20,  1908 


XXVI  LIST    OF    MEMBERS. 

Date  of  Election 
and  of  Transfer. 

218  DtTHN,  Thomas  Bowman,  c  o  J.  Dunn  and  Stephen,  Limited, 

21,  Bothwell  Street,  Glasgow  ,  Aug.     6,1910 

219  Eastlakk,    Arthur     William.   Grosmont,    Palace    Road, 

Streatham  Hill,  London,  S.W ...  June   11.1892 

220  Ede,   Henry    Edward,  Rectory  Chambers,  Norfolk  Row, 

Sheffield  July  14,  1S96 

221  Edmund,  Francis,  Moorland  House,  Haigh,  Wigan  Dec.    10,1910 

222  Edwards,    Edward,     Ystradfechan,    Treorchy,     Rhondda, 

,              Glamorgan       Feb.      9,  1895 

223  Edwards,  Herbert  Francis,  104,  Stairwell  Road,  Penarth  Oct.    12,  1901 

224  Edwards,  Owain  Tudor,  Fedwhir,  Aberdare           Aug.     4,  1906 

225  Luet,    Francis    Constant    Andre    Benoni     Elie    du, 

Commissaire  des  Mines,  Service  des  Mines  le  Nouvelle 

Caledonie,  a  Noumea,  New  Caledonia  ...         ...  Aug.     3,1901 

226*Elsdon,  Robert  William  Barrow,  c  o  Anglo  South 
American  Bank,  Reconquista  No.  78,  Buenos  Aires, 
Argentine  Republic,  South  America         ...         ...         ...  April  13,  1901 

227  Eltringham,      George,    Eltringham     Colliery,     Prudhoe,       A.  Dec.      8,  1894 

Ovingham,  Northumberland  ...  ..  ...       M.  Aug.     2,  1902 

228  Embleton,    Henry     Cawood.    Central     Bank     Chambers, 

Leeds April  14,  1894 

229  Emmerson,  Thomas,   14,    Somerset   Cottages,    New   Silks-       A.  Oct.    12,  1907 

worth,  Sunderland     ...  ..         ...  ..  ...         ...       M.  June  10,  1911 

230  Englesqueville,   Rene    d',    Bethlehem-Chile    Iron    Mines 

Company,    Mina    Tofo,     La     Higuera,    Provineia    de 

Coiruimbo,  Chile,  South  America  ...         ...  ...  Feb.      8,  1908 

231  English,  John,  North  Learn,  Felling,  County  Durham     ...  Dec.      9,  1899 

232  English,     William,     Ferneybeds    Colliery,    Widdrington, 

Acklington,  Northumberland         ...  Dec.    14.  1907 

233  Eskdale,  John,  Ashington  Colliery,  Morpeth  A.Oct.    11,1902 

M.    Aug.   3,  1912 

234  Etherington.    John,   39a,    King   William    Street,   London 

Bridge,  London,  E.C Dec.     9,189.3 

235  Evans,    Johv    William,    Glynderw    House,    Penllergaer, 

Gorseinon,  Glamorgan         ...         ...  April    8,  1911 

236  Fairbrother,   Charles   James,    The    Durban    Navigation        A.  Feb.    8,  1908 

Collieries,  Dannhauser,  Natal,  South  Africa      M.  Oct.  12,  1912 

237  Fairley,  James A.M.Aug.    7,1880 

M.  Aug.    3,  1889 

238  Falcon,  Michael,  Ebbw  Vale,  Monmouthshire       S.Oct.    13,  1S94 

A.  Aug.    4,  1900 
M.  June    1,  1912 

239  Fawcett,   Edward  Stoker,  Battle    Hill   House,    Walker,       A.  June  11,  1892 

Newcastle-upon-Tyne  ...         ...         .  ...         ...       M.  Aug.     6,  1904 

240*  Fen  wick,  Barnabas.  66,  Manor  House  Road,  Newcastle- 
upon-Tyne        ...  Aug.     2,  1S66 

241  Fergie,  Charles,  704,  Upper  Mountain  Street,  Montreal, 

Quebec,  Canada  Dec.     9,  1893 

242  Ferguson.  David    140,  Hvndland  Road,  Glasgow,  W.       ...  A.M.  Dec.     8,  1883 

M.  Aug.     3,  1889 

243  Ferguson,  James,  The  Cedars,  High  Wycombe       ...  Dec.  12,  1896 

244  Fkvre,   Lucien   Francis,    1,   place   Possoz  (XVT),    Paris, 

France Feb.     8,  1908 

245  Field,  Benjamin  Starks,  Layabad  Colliery,  Kusunda  P.O.,        S.Aug.     2,  1902 

District  Manbhoom,  Bengal,  India  A.  Aug.     3,  1907 

M.  June  14,  1913 

246  Fisher,    Edward   Robert,    Wansbeck,   Ammanford,   Car- A.M.  Aug.     2,  1884 

marthenshire M.  Aug.     3,  1S89 

217    Fisher,    Henry    Herbert,    Calle   Sucre,    1841,    Belgrano, 

mar  Buenos  Aires,  Argentine  Republic,  South  America  Oct.      8,  1904 

248   Fleming,   Henry  Stuart,  1,  Broadway,  New  York  City, 

U.S.A June  10,  1905 


LIST    OF    MEMBERS. 
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249  Fletcher,  .Tames,  Taupiii   Coal-mines,   Limited,    Huntly, 

New  Zealand   ... 
•Jf)0  Fletcher,  Lancelot  Holstock,  Allerdale  Coal  Company,  A. 

Limited,  Colliery  Office,  Great  Clifton,  Workington 
251*FLETCHER,  Walter,  The  Hollins,  Bolton       

252  Ford,    Mark,  Washington  Colliery,  Washington  Station, 

County  Durham  (M ember  of  Council) 

253  Forster,  Alfred  Llewellyn,   Newcastle   and  Gateshead 

Water    Company,    Engineer's    Office,    Pilgrim    Street, 
Newcastle-upon-Tyne 

254  Forstkr,    Charles,    Earls    Drive,    Low   Fell,    Gateshead- 

upon-Tyne 

255  Forster,      John      Henry     Bacon,     Whitworth     House, 

Spennymoor    ... 

256  Forster,    Joseph    William,    P.O.    Box   56,    East   Rand, 

Transvaal 

257  Fokster.  Thomas  Emerson.  3.  Eldon  Square,    Newcastle- 

upon-Tyne  (Past-President,  Member  of  Council)         ...  A. 

25S  Foster,  William  Burn,  Sea  View,  Horden,  Sunderland 

259  Fox,   George   Charles,   P.O.    Box    1030,    Johannesburg, 

Transvaal 

260  Fryar,  John  William,  Eastwood  Collieries,  near  Notting- 

ham 

261  Fryar,  Mark,  Denby  Colliery,  Derby  


A 


262  Fryer,  George  Kellett,  Woodhouse,  Whitehaven 

263  Futers,  Thomas  Campbell,  17,  Balmoral  Gardens,  Monk- 

seaton,  Whitley  Bay,  Northumberland    ... 


264  Galloway,    Thomas  Lindsay,  109,  Hope  Street,   Glasgow 

265  Galloway.    William,  Car  1  iff  ... 

266  Gallwey,  Arthur  Payne,  The  Pusing  Lama  Tin  Mines, 

Limited,  Central  Office,  Papan,  Perak,  Federated  Malay        S. 

States M. 

"267  Garrett,    Frederic   Charles,  Armstrong   College,  New- 
castle-upon-Tyne 

268  Gibson,  Henderson.  Backworth  Colliery.  Backworth,  New- 

castle-upon-Tyne 

269  Gibson,  James,  Geldenhuis    D6ep.  Limited,    P.O.   Box  54.  A.M. 

Cleveland,  Transvaal  ...  ...  ...       M. 

270  <tIbson,  Rkhard,  Seaham  No.  1  Colliery,  West  Wallsend, 

Newcastle,  New  South  Wales,  Australia 

271  Gifford,  Henry  J.,  The  Champion  Reef  Gold-mining  Com- 

pany of  India,  Limited,  Champion  Reefs  P.O.,  Mysore 
State,  South  India 

272  Gillman,   (tUSTave,   Aguilas,   Provincia  de  Murcia,   Spain 

273  Glass,  Robert  William,  Axwell  Park  Colliery,  Swalwell,        S. 

County  Durham         ...         ...         ...         ...         ...         ...        A. 


Date  of  Election 
and  of  Transfer. 


Oct.  14,  1905 
April  14,  188S 
June  s.  1889 
Dec.  14,  1895 

Aug.  3,  1895 


June  8,  1901 

April  9,  1910 

Nov.  24,  1894 

Aug.  7,  1897 

,  Feb.  10,  1900 

Feb.  13,  1904 

Oct.  7,  1876 
Aug.  1,  1885 
June  8,  18S9 
Oct.  14,  1911 

Feb.  14,  1903 
June  14,  1890 
June  12,  1897 
Oct.  7,  1876 
Aug.  4,  1883 
June  8,  1889 
Dec.  14,  1901 

Aug.  6,  1904 

Sept.  2,  1876 
April  23,  1887 

Oct.  2,  1880 
Oct.  10,  1891 

April  13,  1912 

April  13, 1912 
Dec.  9,  1899 
Feb.  13.  1904 

Aug.  5,  1911 


274  GoNINON,     Richard,     Menzies     Consolidated    Gold-mines, 

Limited,  Menzies,  Western  Australia 

275  Goodwin,  William  Lawton,  School  of  Mining,   Kingston, 

Ontario,  Canada 
— T « '•  Gocldie,  Joseph,  62,  Standard  Bank  Chambers,  Johannes- 
burg, Transvaal 

277  Rowland,  Joseph  Edwin,  Valle  de  las  Mercedes,  Benacazon, 

Provincia  de  Sevilla,  Spain  ... 

278  Graham,  Edward,  Jim.,  Bedlington  Colliery,  Bedlington, 

Northumberland 

279  Greaves,  J.  0.,  Westgate,  Wakefield 


Oct.  14,  1893 
Aug.  2,  1902 
June  10,  1899 
Aug.  1,  1903 
Oct.    12,  1907 

June  10,  1906 

Feb.    11,  1899 

Aug.     5,  1893 

June  11,  1904 

Aug.  1,  1896 
Aug.    7,  1862 
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•280  Greaves,  William,  6,  Ashwood  Villas,  Headingley  Hill, 

Leeds April  12,  1913 

281  Green,  Edwin  Hknry,  P.O.  Box  79,  Bulawayo,  Rhodesia, 

S,,uth  Africa    ...  Aug.      1,1903 

282  Gbken,  John  Dampier,  Riversdale,  Hlobane,  Natal,  South  A.M.  Dec.  14,  1901 

Africa  M.  Aug.    2,  1902 

283  GREENER,   Herbert,  West  Lodge,  Crook,  County  Durham  Feb.    13,  1909 
•_'M  i  ;i;i  i  \  i  k.  Thhma- Vocng,  Urpeth  Lodge,  Beamisli,  Count\T       S.     July    2.1872 

Durham  (President,  Member  of  Council)  A.M.Aug.    2,1879 

M.  June     S,  1889 

285  GREENER)  William  James,  c'o  Bird  and  Company,  Char- 

tered Bank  Buildings,  Calcutta,  India    ...  ...  June  11,  1910 

286  Greenwell,    Allan,    North    Fambridge,    near    Maldon, 

Essex     Aug.     4,  1900 

287  Greenwell,  Alan    Leonard   Stapylton,  ELdon  Colliery,       S.  Oct.      8,  1898 

Bishop  Auckland       A.  Aug.    5,  1905 

M.  Dec.   14,  1907 

288  Greenwell,    George    Clementson.    Beechfield,    Poynton,       8.  March  6,  1869 

Stockport         M.Aug.     3,1872 

2S9  Greenwell,  George  Harold,  Woodside,  Poynton.  Stock-        S.  Dec.    12,  1903 

port       A.Aug.     4,1906 

M.  April   8,  1911 

290  Gresley,  William  Stckeley.  Middlesex  Road,  Bexhill-on- A.M.  Oct.      5,  1878 

Sea,  Sussex M.Aug.     3,1889 

291  Grey,  John  Neil,  c'o  Naworth  Coal  Company,   Limited,       A.  June  10,  1905 

Hallbankgate  Offices,  Brampton,  Carlisle  M.Feb.    10,1912 

292  i  Griffith,  Thomas,  Maes  Gwyn,  Cymmer,  Porth,  Rhondda, 

Glamorgan       ...  April   9,  1904 

293  Griffith,  William,  Waterloo  House,  Aberystwyth  ...  Dec.     9,  1S93 
l'IG  (iROSE,  Frank,  co  Poderosa    Mining   Company,  Limited, 

Casillas  855/6,  Antofagasta,  Chile,  South  America       ...  April    9,  1910 
295*Grundy,  James,  Ruislip,  Teignmouth  Road,  Cricklewood. 

London,  N.W June  13,  1S96 

296  Gri  ffSON,  Robert,  Brinkburn  Colliery,  Rothbury June  12,  1909 

297  Gullachsen,  Berent  Conrad,  16,  Percy  Gardens,  Tyne-  S.  April   8,  1905 

mouth *     '    ...       M.Aug.    3,1907 

298  Gummerson,    James   M.,    7,    Denehurst    Gardens,    Acton,  A.M.  June  10,  1899 

London,  W.  M.Dec.    12,1903 

299  Guthrie,   James   Kenneth,   South  View,   Gainford,    Dar- 

lington    Dec.    14,  1912 

300  Haas,  Frank,  Fairmont,  West  Virginia,  L'.S.A Oct.    14,  1911 

301* Haddock,    William    Thomas.    The   Veieeniging    Estates,        S.  Oct.      7,  1876 

Limited,  Camp  Colliery,  Veieeniging,  Transvaal       ...A.M.  Aug.     1,  1885 

M.  June    8,  1889 

302  Haggle,  John  Douglass,   Walbottle    Colliery,  Newcastle- 

upon-Tyne       Dec.    11,  1909 

303  Hailwood,  Ernest  Arthur,  The  Towers,  Churwell,  Leeds  April  12,  1913 

304  Haines,    Charles    George    Padfield,    9,    Picton   Place, 

Swansea Oct.    8,  1910 

305  Halbaum,   Henry  Wallace  Gregory,  7,  Mafeking  Road, 

Roath  Park,  Cardiff April   8,  1899 

306  Hale,    Alfred    Edward,    Mountjoy    Lodge,    Cinderford, 

Gloucestershire  April    8,  1911 

307  Hall,  John  Charles,  Black  Boy  Colliery,  Bishop  Auckland       A.Dec.   14,1889 

M.  Aug.     3,  1895 

308  Hall,  Joseph  John,  Ashington  Colliery,  Morpeth  ...  Dec.    10,  1904 

309  Hall,  Joseph    Percival,   Talbot   House,  Birtley,  County        S.  Oct.      9,  1897 

Durham  A.  Aug.    2,  1902 

M.  Oct.      9,  1909 

310  Hall,     Robert    William,     Fairlawn,    Leeholme,    Bishop       A.Dec.   13,1902 

Auckland         M.  June    8,  1907 

31 1  Hall,  Tom,  Ryhope  Colliery,  Sunderland  [Member  of  Council)  June    8,  1SS9 
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Date  of  Election 
and  of  Transfer. 


312  Hallas.  George  Henry.  Claremont,  Huyton,  Liverpool  S.  Oct.      7,  1876 

A.M.  Aug.     4 
M.  June    8 

313  HaLLIMOND,  William  Tasker,  P.O.  Box  5191,  Johannes- 

burg, Transvaal         ...  ...         ...         ...  ...         ...  Dec.    14 

314  Hamilton.  Edward,  Rig  Wood.  Saltburn-by-the-Sea         ...        S.  Nov.     1 

A.M.  Aug.    2 
M.  June 

315  Hamilton,  James,  Blackhills  Road,  Horden,  Sunderland  ...  Oct.    10 

316  Hance,    Henry    Malkin,    Indian    Manganese    Company, 

Nagpur,  Central  Provinces,  India  ...  ...  Oct.    12 

317 ''Hancock,  Henry  Lipson,  Wallaroo  and  Moonta  Mining  and 
Smelting  Company,  Limited,  Moonta  Mines,  South 
Australia  ...         ...         ...         ...         ...  ...         ...  Dec.    14 

318  Hands,    John,    c  o    Huttenbach    Brothers   and    Company, 

Kuala  Lumpur,   Federated  Malay  States  ...         ...  Dec.    14 

319  Hann,    Robert,    Jan.,    Harton    House,    Harton    Colliery, 

South  Shields ...  Oct.    14 

320  Hannah,       David,      Brynderwen,       Ferndale,      Rhondda, 

Glamorgan       ...         ...         ...         ...         ...         ...         ...  Feb.     9 

321  Hare,  George,  Ouston  House.  Pelton,  County  Durham     ...       A.  Feb.  12 

M.  Dec.    14 

322  Hare.   Samuel,    Howlish   Hall,   Bishop   Auckland    (Vice-       S.  Aug.     2 

President,  Member  of  Council)      ...         ...         ...         ...      M.  Aug.     1 

323  Harle,  Peter,  South  Grange,  Shincliffe,  Durham    ...  ...  Oct.      8 

324  Harle,  Robert  Alfred,  Alma  Cottage,  Campbells   Hill,       A.  April  14 

West  Maitland,  New  South  Wales,  Australia     ..         ...       M.Oct.    12 

325  Harle,  William,  South  Brancepeth  Colliery,  Spennymoor  Dec.    12 

326  Harris,  David,  Elands  Laagte  Collieries,  Limited,  Elands  A.M.  June  12 

Laagte,  Natal,  South  Africa         ...         ...         ...  ...       M.  April  13 

327  Harrison,    Charles    Augustus,   North   Eastern   Railway 

Company,  Newcastle-upon-Tyne    ...  ...  ...  ...  June  21 

328  Haselden,  Arthur,  Linares,  Provincia  de  Jaen,  Spain     ...  A.M.  Dec.   11 

M.  April  2 

329  Haswell,   William  Spence,  Milburn  House,  Newcastle- A.M.  April  13 

upon-Tyne       ...         ...  ..  ...  ..  .       M.  Dec.    13 

330*Hawker,  Edward  William,  Eagle  Chambers,  Pirie  Street, 

Adelaide,  South  Australia  ...  ..  . .         ...         ...  Oct.     12 

331  Hawkins,  Thomas  Spear,  c.'o  The  St   John  del  Rey  Mining 

Company,  Limited,    Villa   Nova   de    Lima,    Estado  de 

Minas,  Brazil,  South  America        ...         ...         ...         ...  Aug.     6 

332  Hay,   Douglas,  H.M.  Inspector  of  Mines,  34,  Old  Elvet, 

Durham 

333  Hedley,  Arthur  Morton,  Eston  House,  Eston,  Yorkshire 

(Member  of  Council)  ...         ...         ...         ...       •  ... 

334  Hedley,  Morton,  Medomsley,  County  Durham       

335  Hedley,  Septimus  H.,  Langholme,  Roker,  Sunderland 

336  Heise,  Fritz,  Hernerstrasse,  45,  Bochum,  Germany 

337  Henderson,  Charles,  Cowpen  Colliery  Office,  Blyth 

338  Henderson,  William,  Alston  House,  Littletown,  Durham 

339  Hendy,  John  Cary  Baker.  Etherley,  via  Darlington 

340  Henriksen,  Gudbrand,  Inspector  of  Mines,   Minde,  near 

Bergen,  Norway 

341  Herdman,  William,  St.  John's  Chapel,  County  Durham  .. 

342  Heron,  George   Patrick,  Pont   Head   House,    Leadgate, 

County  Durham 

343  Herrmann,  Henry  J.   A.,  a   Ain-Sedjera,  par  Lafayette, 

Algerie  .. 

344  Hkslop.     Christopher.     Woodside.     Marske    Mill    Lane, 

Saltl>urn-by-the-Sea  ... 


Dec. 

14, 

1912 

A.  Nov. 

24, 

1894 

M.  Dec. 

12, 

1903 

A.  Feb. 

13, 

1909 

M.  Aug. 

2, 

1913 

S.  Feb. 

15, 

1879 

A.M.  Aug. 

1, 

1SS5 

M.  Aug. 

3, 

1889 

Aug. 

5, 

1905 

Dec. 

9, 

1899 

Aug. 

7, 

1909 

Oct. 

14, 

1893 

Aug. 

6, 

1904 

Apri 

11, 

1908 

Apri' 

8, 

1911 

Dec. 

10, 

1898 

S.  Feb. 

1, 

1868 

M.  Aug. 

2 

1873 

1S83 
18S9 

1889 
1873 
1879 
1S89 
1908 

1907 


1895 

1912 

1895 

1895 
1898 
1907 
1879 
1891 
1892 
1894 
1901 
1908 
1897 
1901 

1894 
1897 
1898 
1901 
1913 

1895 
1904 
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345  Seslop,  Grainger,  North  Moor  House,  Sunderland  ...  Oct.     5,  1872 

346  BesloPj  MlOHAEL,  Rough  Lea  Colliery,  Willington,  County       A.  Feb.    10,  1894 

Durham  M.  June  21,  1894 

347  Eeslop,   Septimus,   212,    Redland   Road,    Durdham   Park, 

Bristol 

343   Heslop,    Thomas,    Randolph    Colliery,  Evenwood,  Bishop 
Auckland 

349  Heslop,  Wardle,  8,  Beech  Grove  Road,  Newcastle-upon- 
Tyne      

;>.">()  Heslop,   William  Taylor,  St.  Georges  Colliery,  Hatting 
Spruit,  Natal,  South  Africa 

351  Hewlett,  Alfred,  Haseley  Manor,  Warwick 

352  Hewlett,  Alfred,  The  Cossall  Colliery  Company,  Limited, 

Cossall,  near  Nottingham    ... 

353  Hewlett,  Erne,  Ammanford  Colliery  Company,  Limited, 

Ammanford,  Carmarthenshire 

354  Higson,  Jacob,  Rossland,  North  wood,  Middlesex    ... 

355  Hill,    Frank    Cyril    Gibson,    71,     Downs     Park    East, 

Durdham  Down,  Bristol 

356  Hill.  William,  The  White  House,  Dordon,  Tamworth     ... 

357  Hilton.    Thomas   Worthin(;ton,    Wigan    Coal   and   Iron 

Company,  Limited,  Wigan  ... 

358  Hindmarsh,  Joseph  Parker,  Corrimal,  South  Coast,  New 

South  Wales,  Australia 

359  Hindson,  Thomas,   Framwellgate   Colliery,   near    Durham 

360  Hodgkin,  Jonathan  Edward,  Shelleys,  Darlington 

361  Hogg,  John,  36,  Burn  Valley  Road,  West  Hartlepool 

362  Holland,  Charles  Henry,  P.O.  Box  415,  Auckland,  New 

Zealand 

363  Holliday,  Martin  Forster.  Park  House.  Durham 

364  Holliday,  Norman  Stanley,  Boyne  Villa,  Langley  Moor, 

Durham 

365  Holman,  Nicholas,  The  Gibraltar  Consolidated  Gold-mines, 

Limited,  Sheppardstown,  New  South  Wales,  Australia 

366  Hood,  George,  9,  Agents  Terrace,  Boldon  Colliery,  County 

Durham 

367  Hood,   William  Walker,   Tredean.  near  Chepstow 

368  Hooper,  Albert  Henry,  29,  Station  Road,  Keswick 

369  Hooper,    Edward,    3,    London    Wall    Buildings,    London,  A.M.  June    4,  1881 

E.C M.  April  14,  1894 

370  Hooper,  James  Augustus,  Springfield,  Lydney      Dec.    12,  1908 

371  Hopwood,  Howell  Arthur,   Karangintau,    Mynydd   Isa, 

Mold      

372  Hopwood,  William,  Vron  Haul,  Buckley,  Chester 

373  Hornsby,  Demster,  Choppington  Colliery,  Scotland  Gate, 

Morpeth 

374  Horswill,  Frederick  J.,  1070,  Sixteenth  Street,  Oakland, 

California,  U.S.A 

375  Hoso,     Shonostke,      The      Matsushima     Colliery,      West 

Sonokigun,  Nagasaki,  Japan 
.;7<i   Eotchkis,  Daniel,  Coal  Cliff  Collieries,  Limited,  Clifton, 

New  South  Wales,  Australia 
.177    Howes,  Frank  Tippett,  Holmleigh,  Colwall,  Malvern 

378  Howson,    Charles,    Mainsforth,    Ferry   Hill  

379  Humble,  Ernest,  Killingworth  Colliery,  West  Wallsend, 

New  South  Wales,  Australia 


s. 

A.  M. 
M. 

S 
A 
M 

Oct.  12, 
Oct.   2, 
Aug.  4, 
Aug.  3, 
Dec.  10, 
Aug.  7, 
June  14, 

1895 
1S80 
18S8 
18S9 
1904 
1909 
1913 

Aug.  3, 
March  7, 

1895 
1861 

June  20, 

1908 

Oct.  10, 
Aug.  7, 

1896 
1862 

A.M 
M 

April  9, 
June  9, 
Aug.  3, 

1910 

1883 
1889 

Aug.  3, 

1865 

June  20, 
Dec.   9, 
Dec.  13, 
Dec.  12, 

1908 
1905 
1902 
1903 

S. 
M. 

April  9, 
May  1, 
April  10, 
Feb.  13 

1910 

1875 
1897 
1904 

Dec.  11, 

1909 

Dec.  14, 
April  9, 
beh.      8, 

1907 
1904 
1913 

Oct.  12, 

1907 

Aug.  3, 

1901 

A 

Feb.  12, 

1898 

M 

Feb.  10, 

1912 

Oct.  14, 

1899 

April  11, 

190S 

June  20, 

190S 

A. 

Dec.  10, 

1892 

M. 

Oct.  14, 

1893 

s. 

Dec.  14, 

1901 

A 

Aug.  4, 

1906 

M 

June  8, 

1907 

S. 

Feb.  14, 

1903 

A. 

Aug.  3, 

1907 

M. 

April  11, 

1908 
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380  Humble,   John   Norman,    West   Pelton   House,    Beamish, 
County  Durham 

3S1  Humble,    William,   Lawson  Street,  Hamilton,  Newcastle, 
New  South  Wales,  Australia 

382  Humi'HRis,  Henry,  Blaenau  Festiniog 

383  Hunter,  Christopher,  Cowpen  Colliery  Office,  Blyth 

3S4  Hunter,  Robert,  Gympie,  Queensland,  Australia  ... 

385  Huntley,    John   Johnson,    54,  Beacon  Street,  Low  Fell,  A. 

Gateshead -upon  -  Tyne 

386  Hurst.  George,  Lauder  Grange,  Corbridge,   Northumber- 

land 

387  Hutchinson,  George  Weymouth,  Greensburg,  Westmore- 

land County,  Pennsylvania,  U.S.A. 

388  Hutton,   John    George,    Barfield,    East    Maitland,    New 

South  Wales,  Australia 

389  Hylton,  Frederick  William,  Ryhope  Colliery,  Sunderland 

390  I'Anson-Robson,  William  Leonard,  Emerson  Chambers, 

Blackett  Street,  Newcastle-upon-Tyne 

391  Ide,  Kenroku,  Imperial  University,  Kyoto,  Japan 

392  Inskipp,  Dudley  James,  1,  Broad  Street  Place,  London. 

E.C 


Date  of  Election 

and  of  Transfer. 

s. 

Aug.     2, 

1902 

A. 

Aug.     5, 

1905 

M. 

Feb.  10, 

1912 

Oct.    14, 

1S93 

Oct.    13, 

1900 

A. 

Dec.    10, 

1892 

M 

.  Dec.  12, 

1903 

June  14, 

1902 

M. 

Dec.    14, 

1912 

M 

April  12, 

1913 

s. 

April  14, 

1883 

M. 

Aug.     1, 

1891 

Aug.    7, 

1909 

Dec.   10, 

1904 

Aug.    3, 

1907 

Aug.    6, 

1910 

Feb.    14, 

1914 

June     8 


393 
394 

395 
396 

397 

398 

399 
400 
401 

402 
403 

4041 

405 
406 ' 

407 

408 

409 

U0 

411 
412 

413 


Jackson,  Walter  Geoffrey,  Bramham  Hall,  Boston  Spa, 

Yorkshire 
Jacobs,     Lionel     Asher,     Raghunathbatty,     Sitarampur, 

E.I.R.,    India  

Jacobs,    Montagu,   18,    Greville   Road,   Kilburn,   London, 

N.W 

. I  amis.  William   Henry  Trewartha,    Manor   Lodge,    4, 

Grove  End  Road,  St.  John's  Wood,  London,  N.W.     ... 
Jamieson,  John  William,  South  Hetton,  Sunderland 
Jarvie,  James,   Kembla  Heights,  near  Wollongong,   New 

South  Wales,  Australia 
Jefferson,  Frederick,  Whitburn  Colliery,  South  Shields 
Jeffreys,  James  Henry,  Umtali,  Rhodesia.  South  Africa    .. 
Jenkins,   William,  Ocean  Collieries.  Treorchy,    Hhondda, 

Glamorgan 
Jennings,  Albert,  12,  Grainger  Street,  Darlington 
•1  epson,  Henry.  39,  North  Bailey,  Durham  ... 


June  7 
Aug.  4 
Aug.  4 
April  13 


Oct.      9 


Dec. 
Aug. 

Feb. 
Dec. 
Oct. 


Mobling,  Thomas  Edgar,  Bebside,  Northumberland  (Vice- 
President,  Member  of  Council)      A 

Johns,  Bennet,  Station  Road,  Keswick 
'Johns,    John  Henry,  Thorsden,  Guildford  Road,  Woking 
Johnson,    Edward,    Washington  Hotel,   Porth,  Rhondda, 

Glamorgan 
Johnson,    Henry    Howard,    216-217,    Moorgate    Station 

Chambers,  London,   E.C.    ... 
Johnson,    James,    Boldon   Lodge,    East    Boldon,    County 

Durham 
Jones,    Clement,     Neath    Colliery,     Neath,  New    South 

Wales,  Australia 
Jones,  Evan,  Plas  Cwmorthin,  Blaenau  Festiniog   ... 
Jones.   Jacob   Carlos.    Wollongong.    New    South    Wales, 

Australia 
Jones,    Thomas,    5,    Little   George    Street,    Westminster, 

London,  S.W.  


Dec.     6 
June  20 

S.  July     2 
A.M.  Aug.     2 
M    - 

S. 

M.  Aug.     4 

M.  " 


June    8 
Oct.      7 


June  8 
Dec.  9 
June  21 

Dec.     9 

Feb.    13 

Aug.     6 

.  Dec.  12 

Dec.  8 
April  13 

Aug.    6 

June  12 


1907 


1873 
1900 
1906 
1907 

1909 

1896 
1902 

1908 

1897 
1904 

1862 
1908 
1872 
1S79 
1889 
1876 
1883 
1889 
1905 
1894 

1905 

1904 
1898 
1903 

1906 
1907 

1892 

1897 
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,  .  „    F„„.uae,  LydhrooU,  Glouc.ste.Mre  Aug.     6,  UOt 

414  Joynbs,  John  Jambs,  -6 

"SK"S»*r«f« ;-')■„    LUmore.'  Whitehaven         ...  Aug.    1,1903 

«•  K.—  '"KErffiJST  **■*»*■     *»*•  Aug.     4,  1800 

,,:  "^s^Srs&S:^  w*-*-     £  «  St 

118  Kellett,   Matthew    xxr, 

-   Robert    ^berdare  Colliery,  Cessnock,  New  South  ^     ^  ^ 

ll'l    K.ELSICK,   KOBEKT,  a.u« 

Wales,  Australia        .-^^      Killmgworth,      near  ^  ]gi0 

42  i   Kenna^vay,       AHOHAa  Australia  •■•  •■• 

HeW0M^J^i2SSi    4,  St.  Nicholas'  Boild-  u    igl0 

4-M   Kennedy.   Percy  J "^j  .  ...  3,1895 

ings,  Newcastle-upon-Tyiie    q.  de  Jaen>  gpain    ...  Aug^ 

422  KmD,  f  «;,MAS^URobson    S  Old  Elvet,  Durham  ...  £  ^        j    1903 

423  Kirby,  Matthew  Robson,  io,  a.  ^s    ^  190? 

n     Fdnyiv       \berdare      Extended    Colliery,  ^  igl2 

424  Kirk,     Alfred     aDwi->    v1       Australia  ...         •••         ■••   ,  v     »    rii   o,  1898 

CeS3nWn'u  ST  c°o   Aire  and  Calder   Navigation,  Leeds  A.M    Apn 

125  KlBKBT,  WlIiMAM,  C/O  ^  o                     2 

,r,TIx    Mining  Office,  Bunker  H01,  Fence  Houses  S.  April  ^ 
4->6  Kirkxp,  Austin,  MLunng                                                    ...                              g2 

Member  ^<^ICS,  Medomsley,  County  Durham  S.  Apr*^  ^ 

427  Kirkup,  Fbedebic  Octaml   ,                         "  m  Feb.  H,  1903 

(Member  of  Council)  ...         -  April  11  1891 

sEKffi#s^^rr~  45li 

<  \ I,  mber  of  Council)  ■••  M.  Aug.     >, 

Tohn     Jun  ,    The   Croft,    Low  Fell,   Gateshead-  1900 

430  Kirsopp.   John,   Jin., 

upon-Tyne  .         ■••   Honistel.    Avenue,    High   West  ^      g>  1913 

,      Tvmfs    Bateman,    Woodend     House,    Bigrigg,  5>  m5 

433  Kitchin,    jambs    d^  ... 

tit  korte,   uhbistia>,    i") 

Avenue,  Leeds  Lincheng    Mines,    Lincheng,    «U  1895 

438*KWANG,    &WONG YTWG,    E.  8  ...  ... 

Peking,  North  China  g 

7«   Km2  Street,  Manchester  April      , 

,39  Lacet,  Frank  f.^  S^U7de^gens,  51.,  Rua  Sao  igu 

n„  LuK„,  JOHN,  c/o  £a  ™        South  America  March 2,  1865 

Bent0,fi?!^DiMhSAl^B8.Ba«1^  -  Sept.    7,1878 

IS  LANciS  --•  A^^t^^dal^ara/Jalisco,  ^ 

143*Landebo,  Carlos  F.  de,  r.u.      •  ... 

Mexico  raHKRWiN  Taupiri  Coal-mines,  Limited,  1909 

444Langbord,GeobgbSherwin,  i-aui  uc  Q2 

Huntly   New  /caking    ^^    Ghief    Inspector    of  A.M.  Aug.^,  ^ 

"5  '^EE^fSZSrt  Charleroy,  *-S  May     5,  l877 

146*Laborte,    h.enb»!    l"1' 
Belgium 
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447   Lathbury,  Graham  Campbell,  Giridih,  E.I.R..  Bihar  and 

Orissa,  India   ... 
44S  Latimer,   Hugh,    St.    Helens   Colliery,     Bishop   Auckland 


449  Lawn,  James  Ggnson,   University  College,  Johannesburg, 

Transvaal 

450  Lawson,  William,  Seaham  No.  2  Colliery,  West  Wallsend, 

near  Newcastle,  New  South  Wales,  Australia    .. 

451  Leach,    Charles   Catterall,    Seghill    Hall,  Northumber- 

land (Vice-President,  Member  of  Council) 

452  Lebour,   George  Alexander   Louis,   Armstrong  College, 

Newcastle-upon-Tyne.     Transactions,  etc.,  sent  to  Rad- 
cliffe  House,  Corbridge,  Northumberland 

453  Leck,  William,  H.M.  Inspector  of  Mines,  Cleator  Moor, 

Cumberland    ... 

454  Ledger,  William,  Mount  Nicholas,  Tasmania        

455  Lee,  John   Wilson  Richmond,    70,     St.   Helens  Gardens, 

North  Kensington,  London,  W.     ... 

456  Lee,   Percy  Ewbank,   Westfield,  Annfield  Plain,  County 

Durham 

457  Lee,  Richard  Henry  Lovelock,  1,  Burghley  Road,  High- 

gate  Road,  London,  N.W.     . 

458  Lee,  William,    Blackhall  Colliery,   Castle   Eden,    County 

Durham 

459  Lee,    William,    Stow    Gate,    118,    Stow   Hill,    Newport, 

Monmouthshire 

460  Lkech,  Arthur  Henry,  11,  King  Street,  Wigan     ... 

461*Lessner,  Charles  Bluthner,  Carril,  Spain  

462  Liddell,  Hugh,  21,  Framlington  Place,   Newcastle-upon- 
Tyne     

4<>3  Lidster,  Ralph,  Langley  Park  Colliery,  Durham    ... 

464  Lisboa,  Miguel  Arrojado  Ribeiro,  426,  Praia  de  Botafogo, 

Rio  de  Janeiro,  Brazil,  South  America     ... 

465  Lishman,   Robert    Richardson,    33,    Hartington    Street, 

Derby 

466  Lishman,  Thomas,  Sunbury,  28,  Ripon  Road,  Harrogate  ... 

467  Lishman,  Tom  Alfred,   Horden  Dene,   Easington,   Castle 

Eden,  County  Durham 

468  Lishman,    William    Ernest.  73,    Osborne     Road,    New- 

castle-upon-Tyne 

469  Liveing.    Edward  H.,   Brookfield   House,    Long    Stanton, 

Cambridge       ...         ...  

470  Lockwood,   Alfred  Andrew,   46,   Marmora  Road,  Honor 

Oak,  London,  S.E 

471  Long,  Ernest,  7,  Birchvale  Drive,  Romiley,  Stockport     ... 

472  Longworth,  William,  Ocean  House,  Moore  Street,  Sydney, 

New  South  Wales,  Australia 

473  Lonsdale,  Talbot  Richard,  Malton  Colliery,  Esh,  Durham 
474* Louis,  David  Alexander,  123,  Pall  Mall,  London,  S.W.  ... 

475  Louis.   Henry,  4,   Osborne  Terrace,    Newcastle-upon-Tyne 

(Vice-President,  Memher  of  Council)      

476  Lowdon,  Thomas,  Hamsteels,  near  Durham  ... 

477  Lukis,  Ernest    du   Bois,   Peruvian  Corporation,  Limited. 

Lima,  Peru,  South  America 
47S  Lupton,  Arnold,  7,  Victoria  Street,  Westminster,  London, 
S.W 

479  Lyall,  Edward,  Barton,  Yorkshire 

480  Lyall,  William,  15,  Bracken  Road,  Darlington      


Date  of  Election 
and  of  Transfer. 


Feb  14,  1903 
S.  Feb.  15,  1896 
A.  Aug.  1,  1903 
M.  Feb.  11,  1905 

July  14,  1896 

Aug.  6,  1910 

S.  March  7,  1874 

A.M.  Aug.  6,  1881 

M.  Aug.  4,  1883 


Feb.  1,  1873 

Nov.  24,  1894 
Aug.  5,  1911 

Aug.  5,  1893 

Feb.  11,  1905 

Aug.  5,  1905 

Feb.  10,  1912 

June  1,  1912 
Feb.  9,  1901 
Oct.  14,  1911 

Feb.  11,  1905 
April  4,  1903 

Aug.  5,  1905 

S.  June  9,  1883 

M.  Aug.  1,  1891 

S.  Nov.  5,  1870 

M.  Aug.  3,  1872 

S.  Nov.  24,  1894 

A.  Aug.  7,  1S97 

M.  April  13,  1901 

June  10,  1893 

S.  Sept.  1,  1877 

A.M.  Aug.  2,  1884 

M.  Aug.  3,  1889 

June  12,  1897 
Aug.  4,  1906 

June  11,  1910 
June  14.  1902 
April  8,  1893 

Feb.  15,  1896 
Dec.  14,  1889 

Feb.  11,  1911 

Nov.  6,  1869 
Oct.  14,  1905 
Feb.  13,  1909 
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„   ^.Mrt  Eowae,  Thomas,   10  and  11,  -^s.A.M.^    Jig 
482  >IcCLo"tDBoBCEKT  DAVXD,  Barngill,  Distington,  Cumber-  ^     ^  ^ 

land      "  ivvm    West  Wallsend,  New  South  Wales,  lg94 

Australia         ■••         ■••  fi  dAutriche,  Tunis   ...  Aug.       , 

S    ,"'  iUS"    17     Bath  'Terrace,   Gosforth,  New-  ^    ^  „„ 

;;  MAC^snT^  ~:  -■•  ^  .so^  -  - » 

4S9  McNeiee,  Bebeob.,   1,   London  Wall  Buildings,  London,  ^    ^  1897 

490  McV^Robeb*,  Inspector  of  Mines,' Jones  Street,  Collie,  ^    ^  m2 

481  MA^^SSoS-^.  ^Claremont  Range,  Gorton,  ^   g>  ^ 
Manchester     •••••'      North  Seaton  Colliery,  New-  Q 

492  KironW  J«™ se^KhumberW        ...        -•        ^  S.   U   1897 

biggm-by-the^ea  ^    p  OBox88,  Heidelberg, Tiansxaal 

493  Mansisg,  AbmtoHopk,  PW »  'Hotl8e>  Darlington  ...        &  ^  1880 
494*  Mark  ham,  Gebvase  M>wak  ,                                                     A.M.  b.^    g,  ^ 

a    ™„R  Tbistman,  cb  The  Nile  Valley  Gold-mining  1909 

495  Mabks,  AwbwWwa*.  ^  A  L     d      j.c.  J        ^   1Q()1 

Company,  ^i^'/^loor^ate  Street,  London,  E.C.  ...  "  898 

496  S^V^SS'TioMX'cbinc^  J**"*  A.  22g.    5   1905 

497  MABU£,   J™"^  alRl  Bengal,  India         •••         -  »|    ^  ^7 

498  Mabb,  James  Heppele,  Castlecomer,  County  Kilkenny    ...       A.  ^   ^  ^ 

„j„  Tt,p  Central  Mining  and 

501  Mabshall,  dLiiiA»-,i«' 

502  MabtTn"  Henbv   Stuabt,'  o/o  H.  Eckstein  and  Company,  ^  ^  ^ 

\i     S^S'wS     Sherwood,    Newport    Road,  Q       9? 

503  Mabtin,    He>by     wu,         ,  ... 

Cardiff...         -.        t-Qm+"  park,  near  Workington...  APru      ' 

504  •{"■"iS'iSSX  h-S  oS&TVo-*i-.  —     „„.  5, 1892 
Z  JS&SAE*  »,  —  **  &  S  Si 

S!ffiSfe7fasrsa=.*  *&}« 

liery  Company,  Middleton,  Leeds  M.  Dec.    14,  1907 


510  Mein,  ilHNBT  -««~-'  —  ...         ...         ...         -  ADril 25   1896 

512  "*^^2|SriSS*£  Leeds  ^    ■        £  &!    u!  1907 

/*e>-  of  Council) 
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514  The  Right  Honourable  Lord  Merthyr  of  Senghenydd, 

K.C.V.O.,  Mardy,  Aberdare         ...  Sept.    3,  1864 

515  Merz,     Charles    Hestermax,     Collingwood      Buildings, 

Collingwood  Street,  Newcastle-upon-Tyne  ...         ...  June  10,  1903 

516  Middleton,   John    Thomas,    28,   Victoria    Street,    West- 

minster, London,  S.W Dec.  10,  1910 

517  Miller,  J.  P.  K.,  H.  C.  Frick  Coke  Company,  Scottdale, 

Pennsylvania,  U.S.A.  *       Dec.    14,1895 

518  Millett,   Corxish   Collins   Tyson,   Pednolver,  Draycott 

Terrace,  St.  Ives,  Cornwall  ...         ...  ...  ...  Dec.    11    1909 

519  Mills,   Frederick   Peter,    S54,    Scotswood    Road,    New- 

castle-upon-Tyne         April   4,  1914 

520  Milne,  Norman  Boarer,  Inspector  of  Mines  Office,  Boks- 

burg,  Johannesburg,  Transvaal 

521  Minns,  Thomas  Tate,  Binchester  Blocks,  Bishop  Auckland 

522  Minto,    George  William,   Harraton  Colliery,  Chester-le- 

Street 

523  Montgomery,  Alexander,   Department  of  Mines,   Perth, 

Western  Australia     ... 

524  Moore,    Frederick   George,    Burleston,    Studley    Road,  A.M.  Aug. 

Torquay 

525  Moore,  Marshall  Greene,  Moorland,  Johnstown,  Pennsyl- 

vania, U.S.A. 

526  Moore,  Robert  Thomas,  142,  St.  Vincent  Street,  Glasgow 

527  Moore,  William,  Westfield,  Loftus,  Yorkshire       A 

528  Moreing,    Charles     Algernon,    20,    Copthall    Avenue, 

London,  E.C.  ... 

529  Morgan,  John,  Stanley  Villa,  Crook,  County  Durham 

530  Morison,   Alan    Mushet,    Radcliffe    House,    Acklington. 

Northumberland 

531  Morison,  John,    14,    Saville    Row,    Newcastle-upon-Tyne  A.M.  Dec 

532  Morland-Johnson,    Edward   Thomas,   Bank   of   England 

Chambers,  Tib  Lane,  Cross  Street,  Manchester 

533  Morris,  John,    Mountain  Colliery,  Gorseinon,  Glamorgan 

534  Morris,  William,  Waldridge  Colliery,  Chester-le-Street  ... 

535  Morse,  Willard  S. ,  Seaford,  Delaware,  U.S.A.     ... 
536*Mort,  Arthur,  Khost,  N.  W.  R.,  Baluchistan,  India 

537  Morton,  Reginald  Charles,  106,  Whitham  Road,  Sheffield 

538  Morton,   William  Rostern,   57,   Sanderson   Road,   New- 

castle-upon-Tyne 

539  Mountain,  William  Charles,  8,  Sydenham  Terrace,  New- 

castle-upon-Tyne {Member  of  Council) 

540  Mundle,  Arthur,  Murton  Chambers,  8,  Grainger  Street, 

Newcastle-upon-Tyne 

541  Murdoch,  Arthur  Stanley,  Largiemore,  Camborne 

542  Murray,    William    Cuthbert,    Framwellgate     Colliery, 

near  Durham  ... 

543  Nagazumi,  Junjiro,  Kannonsaki,  Shimonoseki,  Japan 

544  Nelson,     Charles    Anthony,     Glenview,    Kings     Road, 

Wallsend,  Northumberland  ...  ...         ...         ...  Dec.   14,  1912 

545  Nelson,  George  Catron,  Holly  Garth,  Brandon  Colliery,       A.  Feb.     8,  1902 

County  Durham         M.  Feb.  10,  1912 

546  Nesbtt,  John  Straker,   Marley   Hill   Colliery,    Swalwell,        S.  Oct.      9,  1897 

County  Durham  ...         ...         ...         ...         ...         ...        A.  Aug.    5,  1905 

M.  Oct.    12,  1907 

547  Newbery,    Frederick,     Throgmorton    House,    Copthall    A.M.  April   2,  1898 

Avenue,  London,  E.C M.  Feb.   13,  1904 


Dec.  11, 

1909 

s. 

April  10, 

1897 

A 

Aug.  1, 

1903 

M. 

Feb.  12, 

1910 

A 

.  Oct.  10, 

1891 

M 

.  Feb.  14, 

1914 

Dec.  9, 

1899 

M. 

Aug.  7, 

1909 

M. 

Dec.  13, 

1913 

Feb.  11, 

1905 

Oct.   8, 

1892 

M. 

Nov.  19, 

1881 

M. 

Aug.  3, 

1889 

Nov.  7, 

1874 

Dec.  9, 

1905 

Oct.  14, 

1911 

,M. 

Dec.  4, 

1880 

M. 

Aug.  3, 

1889 

April  10, 

1897 

A. 

April  4, 

1903 

M 

.  Aug.  6, 

1904 

Oct.   8. 

1892 

June  13, 

1896 

Dec.  9, 

1899 

Aug.  3, 

1907 

Aug.  7, 

1909 

April  9, 

1892 

S. 

June  5, 

1875 

M. 

Aug.  4, 

1877 

Aug.  7, 

1909 

June  10, 

1903 

Dec.  12, 

1908 
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548  Newbigin,  Henry   Thornton,  3,  St.  Nicholas'  Buildings, 

Newcastle-upon-Tyne  Oct.     13,  1894 

549  Nicholas.   Benjamin,   Levant   Mining    Company,    Levant 

Mine,  Pendeen,  Cornwall Oct.      8,  1910 

550  Nicholson,  Arthur  Darling,  H.M.  Inspector  of  Mines,        S.  June  13,  1885 

Caerleon,     Elmsley    Road,     Mossley    Hill,    Liverpool       A.  Aug.    4,  1894 

M.  Feb.  12,  1898 

551  Nicholson,  John  Hodgson,  Cowpen  Colliery  Office,  Blyth       S.  Oct.      1.  1881 

A.  Aug.     3.  1889 
M.  April    8,  1893 

552  Nicholson,  Marshall,  Middleton  Colliery,  Leeds  ...         ...  Nov.     7,  1863 

553  Nisbet,  Norman,  Eppleton  Hall,  Hetton-le-Hole,   County        S.  Nov.  24,  1894 

Durham  A.  Aug.    3,  1901 

M.  Aug.    6,  1904 

554  Noble,  Thomas  George,  Sacriston  Colliery,  Durham         ...       A.  Feb.    13,  1892 

M.  June     S,  1895 

555  Nogara,  Bernardino,  Galata,  Constantinople,  Turkey     ...  Dec.    14,  1907 

556  Nomi,   Aitaro,   Shinnyu  Colliery,   Province   of   Chikuzen, 

Japan     ...  ...         ...  ...         ...         Aug.   5,  1899 

557  Norris,  Robert  Van  Arsdale,  520-524,  Second  National 

Bank  Building,  Wilkes-Barr<§,  Pennsylvania,  U.S.A.  ...  Feb.  13,  1909 

558  Northey,  Arthur  Ernest,  Mina  Dario,  Mnga  de  Sayago, 

Zamora,  Spain  ...         ...         ...         ...         ...         ...  June  10,  1903 

559*Northumberland,    His    Grace    the   Duke   of,   Alnwick 

Castle,  Northumberland      Aug.    2,  1913 

560  Oates,  Robert  Joseph  William        S.  Feb.   10,  1883 

A.M.  Aug.    1,  1891 
M.  Dec.    12,  1891 

561  Oliver,  Ernest  Hunter,  Ravensworth  Colliery,  Low  Fell,        S.  Feb.     8,  1902 

Gateshead-upon-Tyne  A.  Aug.     1,  190S 

M.  Oct.      9.  1909 

562  Olsen,     Arnold     Carl     Louis,     P.O.     Box    2,    Florida, 

Transvaal         Dec.      9,1905 

563  Ornsby,  Robert  Embleton,  7,  Osborne  Terrace,  Newcastle- 

upon-Tyne       June  11,  1898 

564*Oshima,  Rokuro,  No.  121,  Yoyogi,  Toyotama-gun,  Tokyo, 

Japan April  10,  1897 

565  Oughton,  Ernest,  Minas   de   Soria,  Gergal,  Provincia  de  A.  Dec.    11,  1909 

Alineria,  Spain  ...         ...         ...         ...  ...         ...      M.  Aug.    5,  1911 

566  Owens,  William  David,  Lehigh  Valley  Coal  Company,  239, 

Philadelphia  Avenue,  Pittston,  Pennsylvania,  U.S.A.  Feb.    11,  1905 

567  Paley,  George,  Glebe  House,  Whitburn,  Sunderland       ...  Oct.    12,1901 

568  Palmer,  Claude  Bowes,  Wardley  Hall,  Pelaw,  Newcastle-  A.M.  Nov.     5,  1892 

upon-Tyne  ( Member  of  Council)     ...         ...         ...         ...      M.   June    8,  1895 

569  Pamely,  Caleb,  64,  Cromwell  Road,  Bristol  S.  Sept.    5,  1868 

M.  Aug.    5,  1877 

570  Pamplin,  Eliah  George,  Cherry  Hinton,  Cambridge         ...  Aug.     1,1903 

571  Parish,    Charles    Edward,    31,     Hanger    Lane,    Ealing, 

London,  W Feb.    10,  1900 

572  Parrington,    Henry    Mason,    Dene    House,   Castletown,        S.  Feb.   13,  1904 

Sunderland      A.Aug.    3,1907 

M.  Aug.    7,  1909 

573  Parrington,  Matthew  William,  Wearmouth  Colliery,  Sun-       S.Dec.     1,1864 

derland  (Past-President,  Member  of  Council) M.Aug.    6,1870 

574  Parrington,    Thomas    Elliot,   Carley    Hill,   Monkwear-       S.  Aug.    3,  1895 

mouth,  Sunderland A.  Aug.     1,  1903 

M.  Oct.   12,  1907 

575  Parsons,    Hon.   Sir  Charles  Algernon,  K.C.B.,  Heaton  A.M.  June  12,  1886 

Works,  Newcastle-upon-Tyne        M.  Aug.     3,  1889 

576  Peake,  R.  Cecil,  Cumberland  House,  Redbourn,  St.  Albans       S.  Feb.     7,  1880 

A.M.  Aug.     7,  1886 
M.  Aug.    3,  1889 
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.">77  1'eaksk,  John   Walter,    Mont-Saint- Martin,    Meurthe-et- 

Moselh.  France         June  10,  1S99 

578  Pearson,      Reginald      George,       Paardekop,       District 

Standerton,  Transvaal         Feb,   12,1910 

579  Pedelty,   Simon,   3,  Tunstall    Terrace,    Ryhope   Colliery,       A.  Dec.    10,  1892 

Sunderland      M.  Dec.    14,  1907 

5S0  Peel,  Robert.  New  Brancepeth  Colliery,  Durham Aug.     6.  1892 

581  Percy,    Frank,    Mining    College,    Wigan.       Transactions 

sent      to     The      Librarian,      Wigan      Free     Library, 

Wigan Dec.    12,  1903 

582  Percy,    Robert     McLeod,     Arnside,     Lansdowne     Road, 

West  Didslmry,  Manchester  Dec.    14,1907 

583  Peterkin,  John   Alexander,   Balvaird,    Campbell   Road. 

Swinton,  Manchester  Oct.      8,  1910 

584  Phillips,     Henry     Archibald     Allen,      Westmancote, 

Uplands  Terrace,  Swansea  ...         ...         ...  ...         ...  June     1,  1912 

585  Phillips,    Percy   Clement   Campbell,    Hall's   Collieries, 

Limited,  Swadlincote.  Burton-upon-Tient        ...         ..  June  10,  1903 

586  Pockson,    Melville   John    Hastings,   Kenilworth,    East 

Avenue,  Benton,  Newcastle-upon-Tyne  ...         ...  ...  Oct.      8.  1910 

587  Pollitzer,  Samuel  Joseph,  Terrys  Chambers,  14,  Castle- 

reagh  Street,  Sydney,  New  South  Wales,  Australia     ...  April  12,  1902 

5S8  Poole,    William,    Julius  and  Poole,  Culwalla  Chambers, 

Castlereagh  Street,  Sydney,  NewSouth  Wales,  Australia  Feb.   13,  1909 

589*Poore,  George  Bentley,  1730,  Capouse  Avenue,  Scranton,  A.M.  Dec.   10,  1898 

Pennsylvania,  U.S.A.  M.  April  8,  1899 

590  Porter,    John    Bonsall,    McGill    University,    Montreal, 

Quebec,  Canada  Dec,     8,  1900 

591  Powell,  Charles  Henry,  International  Mines,  Limited, 

Biggenden,  ria  Maryborough,  Queensland,  Australia  ...  June  14,  1902 

592  Prest,  John  Joseph,  Hardwick  Hall,  Castle  Eden,  County 

Durham  Feb.      9,  1901 

593  Price,    Francis    Holborrow    Glynn,    7,    Picton    Place, 

Swansea  ...         ...         ...         ...         ...  June  10,  1899 

594  Price,  Frederick  James,  Collie,  Western  Australia        ...  Oct.    11,  1913 

595  Price,    Stephen     Richard,    Dilston    House,    Corbridge,        S.  Nov.    3,  1877 

Northumberland         A.M.  Aug.     1,  1885 

M.  Aug.    3,  1889 

596  Price,  Samuel  Warren,  The  Wern,  Peterston-super-Ely, 

Cardiff Aug.     3,  1S95 

597  Pringle,  John  Archibald         Dec.    10,1898 

598*Prior,  Hon.  Edward  Gawler,  Victoria,  British  Columbia. 

Transactions   sent    to    Thomas   R.    Stockett,   Western 

Fuel  Company,  Nanaimo,  British  Columbia       ...         ...  Feb.     7,  1880 

599  Pullon,  Joseph  Thomas,  Rowangarth,  North  Park  Road, 

Roundhay,  Leeds       Feb.    11,1905 

600  Purdy,  Richard,  Katras  Colliery,  Katrasgarh P.O.,  E.I.R., 

Bengal,  India Aug.     1,1908 

601  Rae,  John  Livin<;ton  Campbell,  Lisgar,  75,  King  Street, 

Newcastle,  New  South  Wales,  Australia  Oct.    14,1899 

602  Raine,     Frederick     James,    Etherley    Grange    Colliery,        S.  Feb.   15,  1896 

Bishop  Auckland        A.Aug.    6,1904 

M.  Feb.     9,  1907 

603  Ramsay,  John,  Tursdale  Colliery,  Ferry  Hill  A.  April 27,  1895 

M.  Feb.    13,  1904 

604  Ramsay,    William,  Bentinck  House,  Pegswood,   Morpeth  Feb.    12,  1910 

605  Rankin,  Thomas  Thomson,  Mining  and  Technical  College, 

Wigan April    9,  1904 

606  Recklino,  Emil,  49,  Cannon  Street,  London,  E.C.  ...  April  13,  1912 

607  Redman,  Sydney  George,  Collingwood   Buildings,    New- 

castle-upon-Tyne         Feb.   10,  1906 

608  Redwood,  Sir  Boverton,  Bart.,  The  Cloisters,  18,  Avenue 

Road,  Regent's  Park,  London,  N.W June  21,  1S94 
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609  Rees,  Robert  Thomas,  Glandare,  Aberdare  Aug.    7,1897 

610  ReesJ  William  Thomas,  Maesyffynon,  Aberdare      A.M.  Oct.      9,  1S97 

M.  Feb.    12,  189S 

611  Rhodes,  Charles  Edward,  Lane  End  House,  Rotherham  Aug.    4,  1883 

612  Richards,  Fred,  76,  Petherton  Road, Canonbury, London, N.  Aug.    3,1907 

613  Richards,  Thomas  J.,  74,  Duffryn  Street,  Ferndale,  Rhon- 

dda,  Glamorgan  Oct.    10,1896 

614  Richardson,  Nicholas,  c/o  Miss  D.  Richardson,  3,  Summer-        S.  Dec.    12,  1896 

hill  Grove,  Newcastle-upon-Tyne A.Aug.    3,1901 

M.  Dec.   14,  1901 

615  Riddle,  James  Edward,  West  Denton  Colliery,  Scotswood, 

Northumberland        Oct.   11,  1913 

616  Ridge,    Harry   Mackenzie,    62,   London   Wall,   London, 

E.C Dec.   14,  1907 

617  Ridley,    James    Cartmell,    Jun.,    Cathedral    Buildings, 

Newcastle-upon-Tyne  ...  Dec.    14,  1912 

618  Ridley,  Norman  Backhouse,  Union  Chambers,  32, Grainger 

Street  West,  Newcastle-upon-Tyne  June     8,  1895 

619  Ridpath,  Thomas  Rossiter,  Blaydon  Burn,  Blaydon-upon-        S.  June    8,  1901 

Tyne,  County  Durham         A.  Aug.    4,  1906 

M.  April   9,  1910 

620  Rigby,  Thomas  Henry,  Leaders  Buildings,   King  Street, 

Wigan Dec.    12,  1908 

621  Ritson,    John    Ridley,    Burnhope    Colliery,    Lanchester,        S.  April  11,  1891 

Durham  A.M.Aug.    3,1895 

M.  Feb.   14,  1903 

622  Ritson,   Utrick  Alexander,   Milburn  House,  Newcastle- 

upon-Tyne       Oct.      7,  1871 

623  Roberts,     James,     Jun.,     Perran     House,      Perranporth, 

Cornwall  Dec.    14,  1895 

624  Roberts,  John,  Laxey,  Isle  of  Man     Dec.     9,1905 

625  Roberts,  John,  41,  Coram  Street,  Russell  Scpiare,  London, 

W.C Feb.   10,  1912 

626  Roberts,  William,  Bella  Vista,  Perranporth,  Cornwall    ...  Aug.    4,1906 

627  Robertson,    Andrew,    49,    Mining    Exchange,    Ballarat, 

Victoria,  Australia Aug.    7,  1897 

628  Robertson,    Daniel    Alexander    Wilberforce,    Metro- 

politan    Colliery,     Helensburgh,    near     Sydney,    New 

South  Wales,  Australia        

629*PvObertson,  James  Robert  Millar,  Vanduara,  Kirribilli 

Point,  North  Sydney,  New  South  Wales,  Australia  . . . 
630*Robins,  Samuel  Matthew.    Transaction*  sent  to  Thomas  R. 

Stockett,   Western  Fuel  Company,    Nanaimo,    British 

Columbia 

631  Robinson,  George,  Boldon  Colliery,  County  Durham 

632  Robinson,  George   Henry,   Jun.,    The  Itabira    Iron   Ore 

Company,    Limited,    c/o   Wilson,  Sons  and  Company, 
Limited,  Rio  de  Janeiro.  Brazil,  South  America 

633  Robinson,    John     Thomas,    South     Medomsley    Colliery, 

Dipton,  County  Durham     ... 

634  Robinson,    John     William,   Bebside    Colliery,    Bebside, 

Northumberland         ...         

635  Robinson,  Stanley,  Chesterholm,  North  Biddick,   Wash- 

ington Station,  County  Durham  ...         

636  Rochester,     William,    Hightield,     Beechwood     Avenue, 

Ryton,  County  Durham 

637  Rodewald,  Rudolf,  Nenthead  Mines,  Nenthead,  Alston, 

Cumberland     ... 
038   Roelofsen,  Jean  Adolf,  Post  Office  Buildings,  Middles- 
brough ... 


Aug.  6, 

1892 

Aug.  2, 

1890 

Oct.  12, 

1895 

June  10, 

1899 

S.  Dec.   9, 

1S99 

M.  April  S, 

1905 

Feb.  13, 

1892 

S.  April  12, 

1902 

A.  Aug.  5, 

1905 

M.  Feb.  14, 

1914 

S.  Oct.  12, 

1901 

A.  Aug.  1, 

190S 

M.  June  1, 

1912 

A.  Dec.  10, 

1898 

M.  Dec.  12, 

190S 

April  7, 

1906 

Aug.  3, 

1907 
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639  Rogers,    John,    Tanfield    Lea    House,    Tantobie,   County 

Durham 

640  Rosaldson,  James    Henry,   4,    London    Wall   Buildings, 

London,  E.C.  ... 

641  Rosenplaenter,  Carlos  Bernard,  2,    Elmbourne   Road, 

Upper  Tooting,  London,  S.W. 
64'2  Routledije,      William     Henry,      Glanbaiden,      Gilwern, 
Abergavenny  ... 

643  Rowe,    Joseph   Seymour,   Metropolitan  Colliery,    Helens- 

burgh, New  South  Wales,  Australia 

644  RoWLST,  WALTER,  20,  Park  Row,  Leeds 
045  Rumbold,     William     Richard,     Oruro,     Bolivia,     South 

America,  via  Buenos  Aires  i  Tupiza 

646  RUSSELL,     Robert,     Coltness     Iron     Works,      Newmains, 

Lanarkshire    ... 

647  Ri'therford,  Robert,  The  Lawn,  Rhymney,  Cardiff 

645  Rutherford,    William,   Greenlaw,    The   Avenue,    Monk- 

Beaton,  Whitley  Bay,  Northumberland    ... 


649*Saise,  Walter,  Stapleton,  Bristol       

650  Sam,    Thomas  Birch    Freeman,    Domkodu,    Cape    Coast 

Castle,  West  Africa  ... 

651  Samborne,    John    Stukely    Palmer,    Timsbury    House, 

Bath  

652  Sample,  James  Bertram,   17,  Tynedale  Terrace,  Hexham 


653  Sampson,  William,  33,  Queen  Street,  Singapore     

654*Samwell,  Nicholas,  P.O.  Box  385,  Rangoon,  Burma,  India 

655  Sandow,  William  John  Josiah,  St.  Day,  Scorrier,  Corn- 

wall 

656  Saner,   Charles   Benjamin,   Luipaards   Vlei  Estate   and 

Gold-mining  Company,  Limited,  P.O.  Box  53,  Krugers- 
dorp,  Transvaal 
657*Sawyer,  Arthur  Robert,  14,  Launceston  Place,  Kensing- 
ton, London,  W. 

658  Schnabel,  Leberecht  Ferdinand  Richard,  Sun  Buildings, 

Corner    of    Bourke    and    Queen    Streets,    Melbourne, 
Victoria,  Australia    ... 

659  Schwarz,  Paul,  Dortmund,  Crook,  County  Durham 

660  Scott,  Anthony,  Netherton  Colliery,  Nedderton.  Newcastle- 

upon-Tyne 

661  Scott,  Charles  F. ,  Newbell,  Consett,  County  Durham     . . . 

662  Scott,  Ernest,  42,  Westgate  Road,  Newcastle-upon-Tyne 

663  Scott,  Edward  Charlton,  Woodside  Cottage,  Totley  Rise, 

Sheffield  

664  Scott,  George  Henry  Hall,  Down  Place,  Guildford 

665  Scott,   Herbert    Kilburn,   46,    Queen    Victoria    Street, 

London,  E.C 

666  Scott.  William  An.;us,  102,  St.  Mary  Street,  Cardiff 

667  Scott,  Walter  Robert,  The  Limes,  South  Moor,  Stanley, 

County  Durham 

668  Sedcole,  William  John,  17,  Westoe  Road,  South  Shields 

669  Selby,  John  Baseley,  Atherton  Hall,  Leigh  

670  Severs,  Joseph,  North  Walbottle,  Newburn,  Northumber- 

land 


Date  of  Election 

and  of  Transfer. 
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i)71   SEVERS,  William,  Beamish,  County  Durham  A.  Nov.  5,  1892 

M.  Dec.  8,  1900 

672  Shanks,  John,  Nordegg,  Alta,  Canada         Aug.  5,  1905 

673  Sheafeb,  Arthur    Whitcomb,    Fottsville,     Pennsylvania, 

U.S.A Aug.     4,  1S94 

674  Shiei..  Francis  Robert  Archibald,  Rosebank,  Burnoptield, 

County  Durham         ...  ...         ...         ...         ...         ...  June  10,  1911 

675  Simon ,  Frank,  Rand  Club,  Johannesburg,  Transvaal        ...  Dec.    14,  1895 

676  Simpson,  Charles  Liddell.   13,  Montagu  Place,  Montagu 

Square,  London,  W....  April    8,1893 

677  Simpson,  Francis  L.  G. ,  Mohpani  Coal-mines,  Gadawarra,  A.M.  Dec.   13,  1884 

C.P.,  India       M.Aug.     3,1889 

678  Simpson,  Frank  Robert,  Hedgefield  House,  Blaydon-upon- 

Tyne,   County   Durham  (Vice-President,    Member  of       S.  Aug.    4,  18S3 
Council)  " "       M.Aug.     1,  1S91 

679  Simpson,  John,  Follonsby,  Hawthorn  Gardens,  Monkseaton, 

Whitley  Bay,  Northumberland  (Retiring  Vice-Presi-         S.  Dec.     6,  1S66 
dent,  Member  of  Council) ...         ...  M.Aug.     1,  1S68 

680  Simpson,    John    Bell,    Bradley     Hall,     Wylam,     Xorth- 

umberland  (Past-President,  Member  of  Council)         ...  Oct.      4,  1860 

681  Simpson,  Robert  Rowell,  Inspector  of  Mines,  Dhaubaid,       S.  Aug.     3,  1895 

E.  I.  R.,  Bengal,  India  A.Aug.    2,1902 

M.  Oct.    11,  1902 

682  Simpson,  Thomas  Ventress.  Throckley  Colliery,  Xewburn,       S.  Dee.   14,  1895 

Northumberland  A.Aug.    2,1902 

M.  Dec.   13,  1902 

683  Skertchlet,  Sydney  A.  R. ,  co  The  Institution  of  Mining 

and  Metallurgy,  1,  Finsbury  Circus,  London,  E.C.     ...  April  13,  1901 

684  Sloan,    Robert   Patrick,    Craiglea,    Graham    Park  Road, 

Gosforth,  Newcastle-upon-Tyne     ...  ...  Oct.     8,1910 

685  Smallwood,    Percy    Edmund,    The     Garth,     Medomsley,         A.  Oct.  11,  1902 

County  Durham         M.  Oct.  12,  1907 

686  Smart,  Alexander,  5,  London  Wall  Buildings,  London, E.C.  Feb.    10,  1894 
6S7*S.mith,    Richard  Clifford,  Grovehurst,  Tunbridge   Wells  Dec.     5,  1874 

658  Smith,  Robert  Fleming,  Hunters  Villa,  Parkside,  Cleator 

Moor,  Cumberland Aug.     6,  1904 

659  Smith,  William,  P.O.  Box  653,  Johannesburg,  Transvaal  ...  Oct.    11,  1902 

690  Smith,  William  Woodend,   1,  Victoria  Terrace,  St.  Bees, 

Cumberland Aug.     6,  1904 

691  Sopwith,  Arthur,   Wavertree,  Handsworth,  Staffordshire  Aug.     6,  1863 

692  Southern,     Edmund     Octavius,     North     Seaton     Hall,       S.  Dec.      5,  1874 

Morpeth           A.M.  Aug.  1,  1885 

M.  June  8,  1889 

693  Southern,  R.  W.  A.,  33,  The  Parade,  Cardiff         Aug.  3,  1865 

694  Southwood,  Reginald  Thomas   Enfield,  Nether  House, 

Spencer  Road,  Putney,  London,  S.W Feb.   10,1906 

695  Spence,  Robert  Foster,  Backworth,  Newcastle-upon-Tyne        S.  Nov.     2,  1878 

{Member  of  Council) A.M.Aug.    2,1884 

M.  Aug.     4,  1889 

696  Stanley,  George  Hardy,  South  African  School  of  Mines  and 

Technology,  P.O.  Box  1176,  Johannesburg,  Transvaal  April  12,  1902 

697  Steavbnson,  Charles  Herbert,  Redheugh  Colliery.  Gates-        S.  April  14,  1883 

head-upon-Tyne         A.  Aug.  1,  1891 

M.  Aug.  3,  1895 

698  Steel,  Robert,  Wellington  Colliery  Office,  Whitehaven    ...  Aug.  5,  1905 

699  Stephens,  Francis  Joseph,   co  Mrs.  Stephens,  Ashtield, 

near    Falmouth.        Transactions     sent     to     co    Royal 

Cornwall  Polytechnic  Society,  Falmouth  Oct.    12,1907 

700  Stephenson,  Ralph,  Fern  Cottage,  Poolstock  Lane,  Wigan  Dec.    10,  1904 

701  Stevens.  James,  9,  Fenchurcb  Avenue,  London,  E.C.        ...  Feb.    14,  1885 

702  Stbwabt,       William,      Brodawel,       Caerleon,      Newport, 

Monmouthshire  ..  June    8,  1895 

703  Stobart,  Frank.  Selaby  Hall,  Gainford,  Darlington  ...        S.  Aug.     2,  1873 

A.M.  Aug.     5,  18S2 
M.  June    8,  1889 
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704  Stobakt,  Henry  Temple,  Wearmouth  Colliery,  Sunderland        s.  Oct?'  T'lsso 

A.M.  Aug.    4,'  L888 

705  Stobart     William    Ryder,    Etherley    Collieries,   County       ^'  Mg'    3'  ^ 

I    111  I'll  «-»  TV*  J 


Durham 


706  Stoek    Harry  Harkness,   University  of  Illinois,  Urbana, 


Oct.    11,  1890 


Illinois,  U.S.A. 


707  Stoker,  ArthurR,  3,  SaitwellView/Gateshead-upon-Tyne       S.  OcT  "q,  1877 

A.M.  Aug.     1,'  1885 

708  ^"unl^nd'  Hen'ingt°n  L°dge'   WeSt  *°™&™>   -  A.'  No?!  &  \%£ 

709  Stokok^n  George,  Woolley  Moor  Hou^  Crigglestone,  A.  Dec.  t  18M 

710  Stone,  Arthur,  Heath  Villas,  Hindley,  Wigan      '.'.'.        "  M'  ™ie  \\'  Yill 

711  StonIEr  George  Alfred  726,  Salisbury  House,  London.  E..'.  June     1      904 

712  Storey    \\  illiam,  Urpeth  Villas,  Beamish,  County  Durham  April    2    {gjo 
/ 13  Stow,  Audley  Hart,  Pocahontas,  Virginia,  USA  wfh     iq     nl" 

714  Strakek,    J.     H.,    Howden    Dene,    Corbridge,    Northum'  ^    '*'  ,9°9 

berland             O  f       1    187 

715  Strkatfeild,  Hugh  Sidney,  Ryhope," Sunderland" "         '.'.'.  A.M.  June    8,  1889 

716  Stuart  Donald  McDonald  Douglas,  25,  Woodstock  Road  M"  AUg"    3*  1889 

Redland,  Bristol         ...  T            _ 

717  Summerbell,  Richard,  Preston  Colliery,  North  Shields  A.  Dec?     9,  1905 

718  Sutcliffe,  Richard,  Horburv,  Wakefield  M'  ?6C'   If'  !«?! 

719  Sutton    William,  Grosmontf  '^  tfa^Road,  Streatham  ^  "'  19°2 

Hill,  London,  S.  W.    ...  ,      .]()6   .... 

720  Swallow,  Frederick  Charles,  Thornbury,' Doncaster     Z.  Dec     f    9?? 

721  SWALLOW    John,    2,    Percy    Gardens,    Tynemouth,    North  ' 

Shields...  \i          o 

722  Swallow,  Ralph  Storey','  Langley  Park,  Durham  Z.         '//.  A.  Del     9,  1899 

723  Swallow    Wardle  Asquith,  Seaham  Colliery,  New  Sea-  S."  DeT    ^  i893 

ham,  Seaham  Harbour,  County  Durham  ...         ...         ...  a.  Aug.    3,  1901 

724  Swinburne,  Umfreville  Percy,  Chief  Inspector  of  Mines  M'  AUg*     %  19°2 

?rnansnvaL        hAfrlCa'  ^   B°X    ' 132'  Joh— burg;  A.M.  Aug.     4,  1894 

725  Swindle,  Jackson,"  North  Bank','  Beech  Grove,  Whickham,  M'  ^^  ^  19°2 

bwalwell,  County  Durham  T          ,,    1Qn,-, 

726  Swinney,  Alfred  John  George,  Lome  Villa,  Elm'  Road  ' 

Sidcup,  Kent  T 

727  Symons,  Francis,  Ulvers'ton      Z         Z         Z         '.'.'.  Feb*  ll!  1899 

728  Tallis,  John  Fox,  84,  High  Street,  Newport,  Monmouth- 

shire     ..... 

729  Tate,  Robert  Simon,  Saint  Hi'lda  Colliery"/  South  "shields  S.  Aug.    3,  }$? 

A.  Aug.    4,'  1906 

730  Tate     Simon ,    Trimdon  Grange  Colliery,   County  Durham  M"  ^    "'  19" 

{Member  of  Council)  ..          ..  «,     ,    .. 

731  Tate     Walker    Oswald,     Usworth  "Hall,  "Washington.  S.  Oct     12     895 

Washington  Station,  County  Durham     ...         ......  A.  Aug.     1,'  1903 

732  Taylor,  Herbert  William,  Lista  de  Correo,  Guadalupe,  A."  if"   $  !g! 

Zacatecas,  Mexico     ...  m     a           o    Jmlo 

733  Taylor     Thomas,     Chipchase    Castle,'    Wark,    Northum-  8'      '  l" "" 

berland 

734  Teasdale     Thomas,     Middridge'  Colliery,     New    Shildon,  *       '  ^ 

Oounty  Durham  » 

735  Tenant,' John    Thomas,    Mitchell    Street,  "Merewether/  P       9'  1892 

.Newcastle  District,  New  South  Wales,  Australia  Dec.    12,  1903 
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736  Terry,    Arthur   Michael,    1,    Clifton   Road,   Newcastle- 

upon-Tyne 

737  Thom,  Archibald,  Jun.,  Moresby  Parks,  near  Whitehaven 

738  Thomas,    David,    Quay   Street,    Ammanford,   Carmarthen- 

shire 

739  Thomas,  David  Lewis,  Ty-Cerrig,  Slate  Street,  Morriston, 

Glam.    ... 

740  Thomas,  Iltyd  Edward,  Glanymor,  Swansea  

741  Thomas,  J.  J.,  Hawthorn  Villa,  Kendal  

74-2    Thomas,   Richard,   Cambria  Villa,   Stockton,   New   South 

Wales,  Australia        

743  Thomlinson,  William,  Seaton  Carew,  West  Hartlepool  ... 

744  Thompson,  John  William,  East  Holywell  Colliery,  Shire- 

moor,  Newcastle-upon-Tyne 

745  Thompson,  Robert  Reginald,  Elm  House,  Lelant,  Cornwall 

746  Thomson,     Thomas,    Westport    Coal    Company,    Limited, 

Denniston,  New  Zealand 

747  Thornton,    Norman    Muschamp,    301,   Tegler    Building, 

Edmonton,  Alberta,  Canada 

748  Thornton,    Thomas,    Blackball     Colliery,    Castle     Eden, 

County  Durham 

749  Todd,  John  Thomas,  Blackwell  Collieries,  Alfreton 


750*Townsend,     Harry     Poyser,     Village     Deep,     Limited, 
P.O.  Box  1064,  Johannesburg,  Transvaal 

751  Trelease,   William   Hen  wood.  Chalet   Collombert,    Aix- 

les-Bains,  Savoie,  France    ... 

752  Trotman,  Henry'  Leigh,  Singareni  Collieries,  Deccan,  India 

753  Tclip,  Samuel,  Bunker  Hill,  Fence  Houses  ... 

754  Turnbull,  James,  Oaktree  House,  Acomb,  Hexham 

755  TiRNBrLL,  John   James,  135,  Osborne   Road,  Newcastle- 

upon-Tyne 

756  Tcrnbull,  Robert,  Usworth  Colliery,  Washington,  County 

Durham  ...         ...         ...         

757  Tuxen,  Peter  Vilhelm,  60,   Market  Street,    Melbourne, 

Victoria,  Australia    ... 
758*Tyers,  John   Emanuel,    Rewah  State  Collieries,  Umaria, 
Central  India  ... 

759  Tyers,    John   Emanuel,    Jun.,    Rewah    State    Collieries, 

Umaria,  Central  India 

760  Varty,  Armstrong,  Liverton  Mines,  Loftus,  Yorkshire    ... 

761  Veasey,  Harvey  C,  Tiril,  Ranchi  P.O. ,  Bengal,  India    ... 

762  Verey,    Joseph    Crosby,    Apartado    1723,   Mexico    City, 

Mexico  .. 

763  Verny,  George,  Pont  d'Aubenas,  Ardeche,  France 

764  Wadham,  Walter  Francis  Ainslie,  Millwood,  Dalton-in- 

Furness,  Lancashire 

765  Wales,   Henry  Thomas,   Bank  Chambers,  Castle  Square, 

Swansea 

766  Walker,  Henry,  H.M.  Inspector  of  Mines,  Walden,  Wid- 

combe  Hill,  Bath       ...  

767  Walker,  James  Howard,  Bank  Chambers,  Wigan 

768  Walker,     John     Scarisbrick,     Pagefield     Iron     Works, 

Wigan  ... 

769  Walker,  Sydney  Ferris,  Bloomfield  Crescent,  Bath 

770  Walker,  Thomas  A.,  Pagefield  Iron  Works,  Wigan 

771  Walker,   William  Edward,  Lowther  Street,  Whitehaven 

772  Wall,  Henry.  Tower  Buildings,  Wallgate,  Wigan 

773  Wall,  William    Henry,  748,  Burrard  Street,   Vancouver, 

British  Columbia 


Date  of  Election 
and  of  Transfer. 

Aug.  6,  1904 
Aug.  5,  1905 

June  20,  1908 

Aug.  2,  1913 
Feb.  10,  1900 
June  21,  1894 

A 
M 

Feb.  11,  1899 

April  25,  1896 

.  June  10,  1893 

.  Feb.  10,  1900 

Dec.  10,  1910 

S, 
A 
M 

Feb.  8,  1908 
,  April  27,  1895 
.  Aug.  2,  1902 

June  10,  1903 

S 

A.M. 

M. 

Feb.  10,  1912 

.  Nov.  4,  1876 

Aug.  1,  18S5 

June  8,  1889 

April  12,  1902 

April  8,  1893 
Feb.  13,  1904 
June  12,  1897 
Dec.  13,  1913 

Feb.  12,  1898 

Aug.  2,  1902 

A.M. 
M. 

April  7.  1906 
Dec.  10,  1877 
Aug.  3,  1889 

Aug.  2,  1913 

April  12,  1913 
June  21,  1894 

April  9,  1910 
Oct.   8,  1898 

Dec.  10,  1898 

Feb.  11,  1893 

June  8,  1907 
Dec.  9,  1899 

Dec.  4,  1869 
June  11,  1898 
June  8,  1895 
Nov.  19,  1881 
June  8,  1895 

June  14,  1902 


LIST   OF   MEMBERS. 
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774  Walsh,  George  Paton,  143,  Stadhouderskade,  Amsterdam. 

Holland 

775  Walton,  Arthur  John,  20,  Leazes  Terrace,    Newcastle- 

upon-Tyne 

776  Walton-Brown,  Stanley,  Seghill  Colliery,  Seghill,  Dudley, 

Northumberland 

777  Ward,  Alexander  Houstonne,  Teversal,  Mansfield 

778*  Ward,  Thomas  Henry,  Giridih,  East  Indian  Railway,  India  A. 

779  Ware,  Francis  Thomas,  The  Croft,  Corbridge,  Northum- 

berland 

780  Watson,  Claude  Leslie,  Dunkerton  House,  Tunley,  Bath 

781  Watson,   John,    Wood   Street,    Adamstown,    New    South 

Wales,  Australia 

782  Watson,    Thomas,    Trimdon     Colliery,    County    Durham 

783  Watts,   Frank   Reginald,   Blytheswood   North,   Osborne 

Road,  Newcastle-upon-Tyne  

784  Webster,  Alfred  Edward,  Manton,  Worksop      ... 

7S5  Wedderburn,  Charles  Maclagan,  8,  East  Fettes  Avenue] 
Edinburgh 

786  Weeks,  John  George,  Bedlington,  Northumberland  (Past- 

President,  Member  of  Council) 

787  Weeks,    Richard    James,    Bedlington,    Northumberland 

(Member  of  Council)  ... 

788  Weeks,  Richard  Llewellyn,  Wellington,  County  Durham  A. 

(Manber  of  Council)  ... 
789*Weinberg,  Ernest  Adolph,  19,  Queen  Street,  Melbourne,  A. 
Victoria,  Australia    ... 

790  Welsh,   Thomas,    Maindee    House,    Upper    Pontnewydd, 

Monmouthshire 

791  Welsh,  Thomas,  Holly  Terrace,  Stanley,  County  Durham 

792  Welton,  William  Pitt,  9,  Elm  Road,  Wembley,  Middlesex 

793  West,  Norman,  The  Intake,  Hexham 

794  White,  Charles  Edward,  Wellington  Terrace,  South  Shields 

A 

795  White,  Henry,  Western  House,  Little  Benton,  Newcastle- 

upon-Tyne       ...         

796  Whitehead,  Harold  Joshua,  WTigan  Coal  and  Iron  Com- 

pany, Limited,  Clock  Face  Colliery,  near  St.  Helens  ... 

797  Widdas,    Henry,    Whitehaven    Castle    Estate,    Somerset 

House,  Whitehaven 

70S  Widdas,  Percy,  Oakwood,  Cockfield,  County  Durham 

799  Wight,  Frederick  William,  5,  Bondicar  Terrace,  Blyth... 

800  Wight,    Robert   Tennant,    Deaf    Hill    Terrace,    Trimdon 

Colliery,  County  Durham 

801  Wilbraham,     Arthur     George     Bootle,     2,     Laurence       S 

Pountney  Hill,  Cannon  Street,  London,  E.C.  ...      M 

802  Wild,    Matthew   Brown,   37,    Arthur   Road,    Erdington, 

Birmingham    ... 

803  Wilkinson,  John  Thomas,  East  Hetton  Colliery,  Coxhoe, 

County  Durham 

804  Wilkinson,  Maurice  Hewson,  Tung  Hsing  Mine,  Men-       A 

Tou-Kou,   via  Peking,  China         M 

805*Wilkinson,     William     Fischer.     Hurstbourne     Priors, 
Whitchurch,  Hants 

806  Willey,  Joseph  Leonard,  P.O.  Box  3,  Brakpan,  Transvaal 

807  Williams,    Foster,    Miniera   di    Libiola,   Sestri   Levante,       A 

Italy      M 

o°n  }}'ILLIAMS-  Griffith  John,  H.M.  Inspector  of  Mines,  Bangor 
809  Williams,    John,  Dolavon,  Llanrwsfc,  Denbighshire 


Date  of  Election 
ami  of  Transfer. 


Nov.  24, 
Feb.  12, 
Aug.  1, 
April  9, 
June  20, 
Aug.  3, 
June  14, 
April  14, 
Aug.  5, 
Aug.     3, 


1 894 

1898 
1903 
1910 
190S 
1912 
1913 
1894 
1882 
1889 


June  11,  1910 
Dec.  8,  1900 

Dec.  12,  1908 
Oct.  11,  1890 

Oct.  12,  1907 
June  12,  1897 

Oct.    14,  1905 

Feb.      4,  1865 

Oct.  8,  1910 
June  10,  1882 
Aug.  3,  1889 
Feb.  12,  1898 
Oct.   8,  1898 


Feb.  14, 
Aug.  3, 
Dec.  9, 
Aug.  5, 
Nov.  4, 
Aug.  1, 
Aug.  3, 
March  2, 
Aug.  5, 


1903 
1912 
1905 
1911 
1876 
1885 
1889 
1867 
1871 


Dec.  9.  1911 

April  7,  1906 
Aug.  6,  1904 
Aug.  5,  1905 

Oct.  13,  1900 

Dec.  11,  1897 

,  Feb.  8,  1902 

Oct.  12,  1907 

Dec.  8,  1900 
Dec.  12,  1903 
Oct.  10,  1908 

Oct.  10,  1896 
Aug.  1,  1908 
April  13,  1907 
June  20,  190S 
Aug.  2,  1902 
Oct.   8.  1904 
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LIST   OF    MEMBERS. 


810  Williams,  Robert,  Friars  House,  New  Broad  Street, 
London,  E.C.  ... 

sll  Willis,  Edward  Turnley,  3,  The  Drive,  Gosforth,  New- 
castle-upon-Tyne 

812  Willis,   Henky   Stevenson,  Weardale  House,  St.  John's 

Chapel,  County  Durham       ...  .  

813  Wilson,    Anthony,    Thornthwaite,  Keswick  

Wilson,  Frederick,  Hebburn  Colliery,  Hebburn,  County 
Durham 

Wilson,  James,  Wellington  House,  Edmondsley,  Durham 

Wilson,  John   Reginald  Straker,  3,  St.  Nicholas'  Build- 
ings, Newcastle-upon-Tyne  ...         

Wilson,  Joseph  William,  US,  Abington  Avenue,  North- 
ampton... 

Wilson,  Lloyd,  Flimby  Colliery,  Maryport  ..  

Wilson,   Peregrine  Oliver,  co  F.  F.   Wilson,  5,  South 
Street,  Finsbury  Pavement,  London,  E.C 

Wilson,  William,  Morpeth  Moor  Colliery,  Morpeth 

Wilson,   William  Brum  well,   19,    West    Parade,    New- 
castle-upon-Tyne 
^Wilson,    William   Brumwell,  Jun.,  Greenhead  Terrace, 
Chop  well,  Ebchester,  County  Durham 

Wilson,  William  Smith,  54,  Queens  Road,  Jesmond,  New- 
castle-upon-Tjne 

Wimhell,  Horace  Vaughan,  505,  Palace  Building,  Min- 
neapolis, Minnesota,  U.S.A. 

Wood,  Charles  Ccthbert        ..,         

Wood,  Ernest  Seymour,  Cornwall  House,  Murton,  County 
Durham  {Member  of  Council)         

Wood,  John,  Coxhoe  Hall,  Coxhoe,  County  Durham 


814 

S15 
816 

817 

818 
819 

820 
821 

S22 

S23 

824 

S25 
826 

827 


Date  of  Election 
and  of  Transfer. 


June  13,  1896 

June  10,  1911 

S.  Feb.  13,  1892 

A.  Aug.  4,  1900 

M  June  8,  1907 

..M.  Feb.  10,  1900 

M.  Dec.  13,  1902 

Dec.  12,  190S 
April  13,  1901 

Dec.  13,  1913 

June  10,  1911 
Jan.    19,  1895 

Dec.  9,  1893 

June  8,  1907 

S.  Feb.  6,  1869 

M.  Aug.  2,  1873 

Feb.      9,  1901 

Feb.     8,  1913 


S28*  Wood,  Sir  Lindsay,  Bart.,  The  Hermitage,  Chester-le-Street 
(Past-President,  Member  of  Council) 

829  Wood,  Richard,  Barley  Brook  Foundry,  Wigan     

830  Wood.  Robert.  8,  Olympia  Gardens.  Morpeth  

831  Wood,    Thomas,    Rainton   House,    Fence    Houses 

S32  Wood,  Thomas  Outterson,  Cramlington  House,  Cramling- 
ton,  Northumberland  

833  Wood,    William   Outterson,  South    Betton,    Sunderland 

(Past-President,  Member  of  Council) 

834  Woodbcrne,  Thomas  Jackson,  Bultfontein  Mine,  De  Beers 

Consolidated  Mines,  Limited,  Kimberley,  South  Africa 

s:;.j  Woodeson,   William  Armstrong,   Clarke,   Chapman  and 

Company,  Limited,  Victoria  Works,   Gateshead-upon- 

Tvne      

836  Wright,    Abraham,    East    Indian    Railway,    Engineering 

Department,  Giridih,  Bengal,  India  ...  

837  Wrichtson,  Sir  Thomas,  Bart. ,  Stockton-upon-Tees 

s:;s   Wrightson,     Wilfrid    Ingram,    Ivy    Cottage,    Norton, A. 
Stockton-upon-Tees  ...         ...         ...         ■-•         

839  Wynne,  Frederick  Horton,    H.M.    Inspector   of   Mines, 

2,  Pimlico,  Durham.  . 

840  Yeoman.  Thomas  I'ressick,  Hingir-Rampur  Coal  Company, 

Limited,   Jharsuguda  Post  Office,  Sambalpur  District, 
Bengal  Nagpur  Railway,  Bengal,  India 

841  Yot'LL,  GIBSON,  Bulli,   New  South  Wales,  Australia 

S4-J   Young,      Andrew,      Westview,     Broomhill,     Acklington, 
Northumberland 


Nov.  24, 
Feb.      8, 

Oct.  10, 
s.  June  8, 
A.  Aug.  4, 
M.  Aug.     3, 

Oct.      1, 

June  14, 

April  13, 

S.  Sept.    3, 

M.  Aug.    5, 

Feb.    14, 

Nov.     7, 

Feb.    10, 


1894 
1913 

1891 
1889 
1894 
1S95 

1857 
1902 
1907 
1870 
1871 

1903 

1863 

1894 


Dec.  10,  1901 

Feb.  11,  1905 

Sept.  13,  1873 

M.  Dec.   9,  1899 

M.  Feb.   8,  190S 

Oct.  11,  1913 


Aug.  1,  1903 
Oct,  12,  1901 

Dec.  11,  1909 


LIST    OF    MEMBERS. 
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Date  of  Election 
oao   \r  t  »  ,     ~  and  of  Transfer. 

843  YOUNG,  John  Andrew,  Joseph  Crawhall  and  Sons,  New- 

castle-upon-Tyne.   Transactions,  etc.  .sent  to  3,  Fountain  A.  M    Dec   10    1887 
Avenue,  Gateshead-upon-Tyne       M    Aue     o'  issq 

844  Young,     George     Ellis,    Benwell    Colliery,     Newcastle'-        8  Aue     V  1901 

upon-Tyne        


A.  Aug.     5,  1905 

M.  Feb.    14,  1914 

June  21,  1894 


845  Young,  Johm   Buntijsy,  Wearmouth  Colliery,  Sunderland 

846  \oung,    Roland   Francis    7,  Crescent  Place,  Cart wright  A.M.  June  IL  1910 

Gardens,  London,  W.C &  M   D        u'  ^ 


ASSOCIATE  MEMBERS  (Assoc.  M.I.M.E.). 
Marked  *  have  paid  life  composition. 

1  Ainsworth,  George,  The  Hall,  Consett,  County  Durham 

2  Armstrong,  John  Hobart,  31,  Mosley  Street,  Newcastle- 

upon-Tyne 

3  Atkinson,      George     Blaxland,     Edinburgh   Buildings 

21,  Mosley  Street,  Newcastle-upon-Tyne  ...  ..' 

4  Barrett,  Sir  William  Scott,  88,  The  Albany,  Old  Hall 

Street,  Liverpool 
5*Bell,  Sir  Hugh,  Bart.,  Rounton  Grange,  Northallerton 

6  Benson,    Walter  John,   Collingwood  Buildings,   Colling-. 

wood  Street,  Newcastle-upon-Tyne 

7  Bishop,  Clarence  Adrian 

8  Bowes,    Alfred     Strathmore,     Valuation     Department, 

Inland  Revenue,  32,  West  Street,  Gateshead-upon-Tyne 
9*Broadbent,  Denis  Ripley,  Royal  Societies  Club,  St.  James' 
Street,  London,  S.  W.     Transactions  sent  to  The  Library, 
Royal  Societies  Club,  St.  James'  Street,  London    S  W 

10  Brown,  John  Coggin,  Geological  Survey  of  India,  27,  Cho- 

wringhee,  Calcutta,  India     ... 

11  Brutton,  P.  M.,  17,  Sandhill,  Newcastle-upon-Tyne 

12  Cackett,    James    Thoburn,     Pilgrim   House,    Newcastle- 

upon-Tyne       

13  Capell,  Rev.  George  Marie.  Passenham  Rectory,  Stonv 

Stratford '.'  y 

14*Carr,   William    Cochran,   Benwell   Colliery,    Newcastle- 
upon-Tyne  (Member  of  Council)     

15*Che wings,      Charles,      Eton      Street,     Malvern,"  South 
Australia 

16  Chipper,  Cecil,  The  Terrace,  Ovingham,  Northumberland 

17  Cochrane,    William    James,    York    Chambers,    Fawcett 

Street,  Sunderland 

18  Cook,    Arthur  Geoffrey  Harold,  2,  Westfield  Avenue, 

Gosforth,  Newcastle-upon-Tyne 

19  Cooper,    Carl,    c/o   John    Sanderson,    The  "Blue   Funnel 

Line,  Melbourne,  Victoria,  Australia 

20  Cooper,  R.  W.,  Newcastle-upon-Tyne 

21  Cope,  William  Henry,  The  University,  Birmingham 

2:2.  Lory,  Sir  Clifford  John,  Bart.,  c/o   Cory  Brothers  and 
Company,  Limited,  Cardiff  

23  Dillon,  Malcolm,  Dene  House,  Seaham  Harbour,  County 

Durham 

24  Edwards,  F.  Henry,  Bath  Lane,  Newcastle-upon-Tyne 
-•>  Klcoate,  John,  16,  Marton  Road,  Middlesbrough  ... 

26  Fairless,  Joseph,   Wensleyville,  Holywell  Avenue,  Monk- 

seaton,  Whitley  Bay,  Northumberland 

27  Ienwick,    Featherstone,    County    Chambers,     Westgate 

Road,  Newcastle-upon-Tyne  


Date  of  Election 
and  of  Transfer. 

Dec.  9,  1905 
Aug.  1,  1885 
Nov.  5,  1892 


Oct.  14,  1S99 

Dec.  9,  1882 

Feb.  8,  1913 

Oct.  10,  1903 

Feb.  8,  1913 


Oct.  14,  1899 

Dec.  11,  1909 
Oct.  13,  1900 


Oct.  10,  1903 

Oct.   S,  1892 

Oct.  11,  1890 

April  25,  1896 
April  4,  1914 

April  3,  1909 

Oct.  9,  1909 

Aug.  3,  1912 
Sept.  4,  1880 
Dec.   9,  1905 

Dec.  11,  1897 

Dec.  14,  1912 

June  11,  1887 
April  13,  1912 

June  10,  1899 
June    8,  1907 
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LIST   OF    MEMBERS. 


•28  Ferguson,  Colin  Armstrong,  P.O.  Box  21,  Randfontein, 
Transvaal 

29  Foster,    T.    J.,    Coal    Exchange,    Scranton,    Pennsylvania, 

U.S.A.  

30  George,    Edward  James,   Beech  Grove,  Consett,  County 

Durham 

31  Gibson,  George  Ralph,  Tyne  Saw  Mills,  Hexham 

32  Gibson,    Thomas   William,    Bureau    of    Mines,   Toronto, 

Ontario,  Canada 

33  Giddy,  Thomas  Grantham  James,  Blackall  Street,  Hamil- 

ton, New  South  Wales,  Australia  ...         ...         

34*Graham,  John,  Findon  Cottage,  near  Durham 

35  Graham,     James    Parmley,     Sun     Insurance     Buildings, 

Collingwood  Street,  Xewcastle-upon-Tyne 

36  Gray,  William  Edwin,  17-19,  Archer  Street,  London,  N.  W. 

37  Greenwell,  Hubert,  30  and  31,  Furnival  Street,  Holborn, 

London,  E.C.  ... 

38  Gunn,  Scott,  27,  Quayside,  Newcastle-upon-Tyne 

39  Guthrie,   Reginald,   Neville    Hall,    Newcastle-upon-Tyne 

(Treasurer,  Member  oj  Council)    ... 

40  Haggie,    Arthur    Jamieson,    The    Manor    House,    Long 

Benton,  Newcastle-upon-Tyne        

41  Hag<;ie,  Peter  Norman  Brocghton,  c/o  Haggie  Brothers, 

Limited,  Gateshead-upon-Tyne      

42  Heeley,  George,  East  Avenue,  Benton,    Newcastle-upon- 

Tyne      

43  Henderson,     Ch\rles     William    Chipchase,    co    John 

George  Weeks,  Bedlington,    Northumberland 

44  Henzell,  Robert,  Northern  Oil  Works,  Newcastle-upon- 

Tyne     ...         

45  Hksketh,  Richard,  Neville  Hall,  Newcastle-upon-Tyne  ... 

46  Hilev,  Ernest  Haviland,  North  Eastern  Railway  Offices, 

Westgate  Road,  Newcastle-upon-Tyne 

47  Hopper,     George      William     Nugent,      The      Ropery, 

Thornaby-upon-Tees,  Stockton-upon-Tees  

48  Humphreys-Davies,  George,  5,  Laurence  Pountney  Lane, 

Cannon  Street,  London,  E.C. 

49  Jeffrey,  Joseph  Andrew,  c/o  The  Jeffrey  Manufacturing 

Company,  Columbus,  Ohio,  U.S.A. 

50  Jeffries,  Joshua,  Abermaiu  Colliery,  New  South   Wales, 

Australia    .. 
51*Joicey,  James  John,  The  Hill,  Witley,  Godalming 

52  Jopling,    Ford    Stafford,    Jun.,    8,    Thornhill    Terrace, 

Sunderland 

53  Kirkley,  James,  Cleadon  Park,  Cleadon,  Sunderland 

54  Krohn',  Herman  Alexander,  103,  Cannon  Street,  London, 

E.C 

55  Lamb,  Edmund   George,  Borden   Wood,  Liphook,  Hants. 

56  Lytimer,   William,  3,  St.  Nicholas' Buildings,  Newcastle- 

upon-Tyne 

57  Lawson,    Henry   Alfred,   co   Robert   Frazer   and   Sons, 

Limited,  Milburn  House,  Newcastle-upon-Tyne 

58  Leake,   Percy  Collinson,  c/o  Deanbank  Chemical  Com- 

pany, Ferry  Hill        

59  LOEWBNSTEIN,  Hans  von  Loewenstein  zu,  Friedrichstrasse, 

2,  Essen-Ruhr,  Germany.  Transactions  sent  to  Biblio- 
thek  des  Vereins  fiir  die  bergbaulichen  Interessen  im 
Oberbergamtsbezirk  Dortmund,  Essen-Ruhr,  Germany 


Date  of  Election 
and  of  Transfer. 

July 

14, 

1896 

Dec. 

12, 

1891 

Dec. 

9, 

190^ 

June 

20, 

1908 

June 

8, 

190 

April 
Oct. 

8, 
9, 

1911 
1891 

Dec. 

8, 

1906 

Oct. 

11, 

19K 

Feb. 

14, 

19L 

Aug. 

6, 

19K 

Aug.    4 

Feb.  8 

Oct.  10 

Dec.  14 

Dec.  9 

April  11 
Feb.   13 

April  13 

Oct.    10 

Oct.      8 

Dec.    11 


Dec. 
Oct. 

10, 
10, 

1898 
1891 

Feb. 

12, 

1910 

June 

8, 

1907 

Oct. 

14, 

1893 

Feb. 

12, 

1898 

Oct. 

14, 

1905 

April 

8, 

1911 

Aug. 

3, 

1907 

April 

13, 

1907 
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Date  of  Election 
and  of  Transfer. 
(30  Major,  Herbert,  3,  West  Mound,  Chester  Eoad,   Sunder- 
land         June     1,  1912 

61  Marshall,  Patrick,  University  School  of  Mines,  Dunedin, 

New  Zealand June  12,  1897 

62  Moreing,  Algernon  Henry,  62,  London  Wall,  London,  E.C.  Oct.    14.  1911 

63  Morris,  Percy  Copeland,  79,  Elm  Park  Gardens,  Chelsea, 

London,  S.W.  Feb.    14,1903 

64  Oliver,  James  Stuart Feb.    10,1912 

65  Palmer,  Sir  Alfred  Molyneux,  Bart.,  Walworth  Castle, 

Darlington       Nov.  24,  1894 

66  Patterson,  Robert  Oliver,  Thorneyholme,  Wylam,  North- 

umberland        Feb.  12,   1910 

67*Pickup,  Peter  Wright  Dixon,  Rishton  Colliery,  Rishton, 

Blackburn        Feb.    12,  1898 

68  Poole,    Gordon     George    Thomas,    72,    Hewson    Road, 

Lincoln Oct.    11,  1913 

69  Postlethwaite,    John,   Chalcedony   House,    Eskin   Place, 

Keswick  Feb.   11,  J905 

70  Prior-  Wandesforde.  Richard  Henry,  Castlecomer  House, 

Castlecomer,  County  Kilkenny        ..         ...         ...         ...  Dec.     9,  1905 

71*Proctor,   John   Henry,  29,  Side,  Newcastle-upon-Tyne...  June    8,  1889 

72  Raine,  Winfred,  Inglewild,  Durham  Dec.  13,  1913 

73  Redmayne,    Robert   Norman,    14,    Neville   Street,    New- 

castle-upon-Tyne         Dec.     8,  1906 

74  Reid,  Sidney,  Printing   Court  Buildings,  Newcastle-upon- 

Tyne      Dec.   13,  1902 

75  Rogers,  Isaac  Bowman,  16,  Park  Avenue,  Mansfield         ...  April  13,  1912 

76  Rogerson,  John  Edwin,  Oswald  House,  Durham    June    8,  1895 

77  Russell,  James,  Westgate  Road,  Newcastle-upon-Tyne  Feb.   13,  1904 

7S  Sadler,  Basil,  Craigmore,  Lanchester,  Durham      Feb.  11,  1905 

79  Samuel,  David,  Arcade  Chambers,  Llanelly  Dec.  13,  1902 

80  Sanders,  Charles  William  Henry,  Thornville,  Darlington  Dec.  14,  1901 

81  Schumacher,   Raymond    William,   c/o   H.    Eckstein   and 

Company,  P.O.  Box  149,  Johannesburg,  Transvaal      ...  April   9,  1904 

82  Smith,   Arthur  Herbert,  Broad  Street  House,  London, 

E.C June  14,  1902 

83  Smith,  Richard  Tilden,  4-6,  Copthall  Avenue,   London, 

E.C Oct.   14,  1911 

S4  Steuart,  Douglas  Stuart-Spens,  Royal  Societies  Club,  St. 

James' Street,  London,  S.W.  ...         ...         ...  June  10,  1899 

85  Strzelecki,  Algernon  Percy  Augustus  de,  39,  Victoria 

Street,  Westminster,  London,  S.W Dec.    12,  1908 

86  Todd,  James.  Overdale,  Jesmond,  Newcastle-upon-Tyne   ...  Aug.     6.  1892 

87  Waley,  Frederick  George,  The  Bellambi  Coal  Company, 

Limited,  9,  Bridge  Street,  Sydney,  New  South  Wales, 

Australia  Feb.     9,  1907 

8S  Watson,  John  Robert,  B  Floor,  Milburn   House,    New- 
castle-upon-Tyne        April  9,    1910 

89  Watt,  Percy  Buckton,  26,  Larkspur  Terrace,  Newcastle- 

upon-Tyne      Feb.    10,  1912 

90  Watts,  James,  Penhenver,  Perranwell  Station,  Cornwall  ..  Feb.    11,  1911 

91  Watts,  John,  Blytheswood  North,  Osborne  Road, Newcastle- 

upon-Tyne       April    8,  1911 

92  Welford,  Thomas,  Wallarah  Colliery,  Catherine  Hill  Bay, 

New  South  Wales,  Australia  ...         ...         ...         ...  June  10,  1903 

93  Whitehead,  Thomas,  Brindle  Lodge,  Preston         June  12,  1897 

94*  Williams,  Henry,  Llwyngwern,  Pontardulais,  Glamorgan  Dec.      9,  190."> 
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95  Wilson,  Hugh  Russell,  50,  Langholm  Crescent,  Darlington 
!ili  "Wood,  Arthur  Nicholas  Lindsay,  The  Hermitage,  Chester- 

le-Street 
97    Wood,  Ht<;H  Nicholas,  Rainton  House,  Fence  Houses 


Date  of  Election 
and  of  Transfer. 

Dec.   12,   1908 

July  14,  1S96 
Oct.    12,  1912 


ASSOCIATES  (Assoc.  I.M.E.). 

Marked  *  have  paid  life  composition. 

1  Adam,    Thomas   Walter,   The    New  Monckton  Collieries, 

Limited,  near  Barnsley 
•_'  Alexander,  Arthur  Cecil,  Office  Row,  Harraton,  Chester- 

le-Street 

3  Allan,  Herbert  Durham,  Rewah  State  Collieries,  Umai  ia, 

Central  India,  Bengal  Nagpur  Railway    ... 

4  Archek,  Matthew  William,  Grosvenor  House,  Manchester 

Road,  Stocksbridge,  Sheffield 

5  Armstrong,   Henry,   29,    William   Street,    New   Seaham, 

Seaham  Harbour,  County  Durham 

6  Askew,  Alfrkd  Hill,  Boulby  Grange,  Easington,  York- 

shire 

7  Barber,  Norman  Elsdale,  Clifton  House,   Watch  House 

Lane,  Doncaster 

8  Barkes,  Percy,  Elemore  Colliery,  Hetton-le-Hole,  County 

Durham 

9  Bates,  Johnson,  5,  Grange  Villa,  County  Durham  ... 

10  Bates,    Thomas,   West  Wylam    Terrace,   Prudhoe,   Oving- 

ham,  Northumberland 

11  Battey,  Thomas,  Station  Road,  Shiremoor,  Newcastle  upon- 

Tyne      

12  Batty,  John,  South  Woodhouse,  Whitehaven 

13  Bell,   George   William,    Throckley   Colliery,    Newburn, 

Northumberland 

14  Bell,   Harold    Marmaduke   Charles,    High    Hedgefield 

House,  Blaydon-upon-Tyne,  County  Durham    ... 

15  Bell,    John    Valentine,    21,    Corporation    Road,    Work- 

ington  ... 

16  Bell,  Marshall  Blackett,  1,  Cross  Row,  Felling,  Gates- 

head-upon-Tyne 

17  Benson,   Herbert  Sydney,  Seaton  Burn  Colliery,  Seaton 

Burn,  Dudley,  Northumberland     ... 

18  Bkrryman,  Thomas,  64,  Dolcoath  Road,  Camborne 

19  Bewley,  Thomas,  Stobswood  Colliery,  Acklington,  North- 

umberland 

20  Bunden,    Philip    Sidney,    Glencrag,   Mainsforth    Road, 

Ferry  Hill 

21  Booth,  James   Frederick,  S,  TJxbridge  Terrace,  Felling, 

County  Durham 

22  Brandon,  Geoffry,  9,   Beech  Grove,    Benton,    Newcastle- 

upon-Tyne 

23  Brooks,  Douglas  Roy,  The  Lower  Garth,  Westgate,  Guis- 

borough,  Yorkshire   ... 
2  1   Brown,  William,  H.M.  Sub-Inspector  of  Mines,  82,  Sidney 

Grove,  Newcastle-upon-Tyne 
_'.")   Burt,    Thomas,    Hill    House,    Washington,    Washington 

Station,  County  Durham 

26  Calland,    William,    Hedley    Hope   Colliery,    Tow    Law, 

County  Durham 

27  <!\rroll,  JOHN,  Spring  Bank  House,  Newfield,  Willington, 

County  Durham 


Date  of  Election 
and  of  Transfer. 

S.  April  3,  1909 
A.  Dec.  10,  1910 

S.  June  10,  1911 
A.  Aug.  3,  1912 

Feb.  10,  1906 
S.  June  8,  1895 
A.  Aug.  4,  1900 

Dec.  12,  1903 

Feb.  9,  1907 

S.  June  20,  1908 
A.  Aug.  2,  1913 

June  12,  1909 
Feb.  11,  1905 

April  13,  1907 

Oct.  13,  1894 
Feb.  8,  1913 

Oct.  14,  1911 

April  12,  1913 
S.  Dec.  14,  1907 
A.  Aug.  5,  1911 

Dec.  14,  1912 

S.  Feb.  11,  1905 

A.  Aug.  5,  1905 

Feb.  8,  1913 

Aug.  5,  1905 

June  8,  1907 

Dec.  11,  1909 
S.  Dec.  8,  1900 

A.  Aug.  3,  1907 
S.  Dec.  14,  1907 

A.  Aug.  3,  1912 

June  14,  1913 
April,  4  1909 


Aug.  2,  1913 
Feb.  12,  1898 
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28  Cheesman,  Edward    Taylor,    Jun.,    Clara    Vale  Colliery, 

Ryton,  County  Durham 

29  Cheesman,   Matthew  Forster,  Throckley  Colliery,  New- 

burn,  Northumberland 

30  Chicken,  Ernest,  Woodlea,  Murton,  County  Durham     ... 

31  Clark,    Nathaniel   .).,    Associated   Northern  Collieries, 

Newcastle,  New  South  Wales,  Australia 

32  Clark,   Thomas,    Dipton   Colliery,    Lintz    Green    station. 

County  Durham 

33  Clephan,   Guv,   Killingworth  Hall,   near  Newcastle-upon- 

Tyne 

34  CoADB,  SAMUEL,  Steel  Green,  Millom,  Cumberland... 

:>.")  (  'ockbain,  Tom  Stkwartson,  Usworth  Colliery,  Washington 
Station,  County  Durham 

36  Cockburn,  John,  Durham  House,  Murton  Colliery,  County 

Durham 

37  Coulson,  William  Hall,  Shamrock  House,  Durham 

38  C0X0N,  SAMUEL  George,  Hamsteels  Colliery,  Durham 

39  Crawford,  Thomas,  Eighton  Banks,  Oateshead-upon-Tyne 

40  Croddace,    Mortimer,    c/o    Mrs.    R.     Craggs,    Tunstall 

Village,  near  Sunderland 

41  Crowle,  Percy,  Mysore  Mine,  Marikuppam,  Mysore  State, 

India     ... 

42  Cruz  y  Diaz,  Federico  de  la,  Minas  de  Ribas,  Provincia 

de  Gerona,  Spain 

43  Cummings,     William,     Beamish    View,    Stanley,    County 

Durham 

44  Daglish,  Frank,  Seafield  House,  Risehow,  Maryport 

4.">  Dales,  .John  Henry,  2,  Derwent  View,  Burnoptield,  County 
Durham 

46  Daniell,  Henry  Edmund  Blackburne,  7,  Wallace  Terrace, 

Ryton,  County  Durham 

47  Danskin,    Thomas,    Springwell    Collieiy,  Gateshead-upon- 

Tyne     

45  Davies,   Daniel  John,  Cymru,   Corrimal,   Illawarra  Line, 

New  South  Wales,  Australia 

49  Davis,    James    E. ,    South    Medomsley    Collieiy,     Dipton, 

County  Durham 

50  Davison,  Francis,  Ash  Grove  House,  Hedley  Hill  Colliery, 

near  Waterhouses,  Durham 

51  Dick-Cleland,  Archibald  Felce,  Apartado  270,  Guadal- 

ajara, Jalisco,  Mexico 

52  Dixon,  George,  Moorgreen,  Newthorpe,  Nottingham 

53  DoiTOLAS,  Albert  Edward,  4,  Augusta  Terrace,  Whitburn, 

Sunderland 
~>4   Dinnett,  Samuel,    West   View   House,    Coomassie   Road, 
Waterloo,  Blyth 

55  Dwane,  Francis  Cecil,  Singareni  Collieries,  Deccan,  India 

56  Eadie,     John     Allan,     Jun.,     Eller     Bank,    Harrington, 

Cumberland     ... 

57  Earnshaw,  Oscar,  Westwood  House,  Hamsterley  Colliery, 

County  Durham 

58  Elder,  Moses,  19,  Duke  Street,  Workington  

59  Elliot,  Arthur,  Springfield,  Cressington  Park,  Liverpool 

69  Elliott,    George,    Oakwood,    Catchgate,    Annfield    Plain, 

County  Durham 
tU    Knglish,    Henry    Edward,    15,    Success   Terrace,   Fence 

Houses... 
62   English,    Thomas    Weddle,    Mount    Vernon,    Oakwood, 

Hexham 


Date  of  Election 
and  of  Transfer. 

Dec.  10,  1910 
S.  Dec.  13,  1902 
A.  Aug.  5,  1905 

Oct.  8,  1910 
S.  April  13,  1901 
A.  Aug.  1,  1903 


Oct. 

U, 

1890 

Dec. 
Dec. 

10, 
10, 

1910 
1904 

Dec. 

s, 

1906 

Apri 
Dec. 
Feb. 
Dec. 

1  9, 
14, 

9, 

8, 

1904 
1912 
1901 
1906 

Dec. 

13, 

1913 

Feb. 

11, 

1905 

Oct. 

11, 

1913 

Dec. 

14, 

1907 

Dec. 

14, 

1907 

April  4, 
S.  Aug.  3, 
A.  Aug.  6, 

1914 
1907 
1910 

Dec. 

10, 

1898 

Oct. 

12, 

1907 

Feb. 

12, 

1898 

Feb.  12,  1898 

Dec.  8,  1906 
S.  Feb.  9,  1901 

A.  Aug.  3,  1907 
S.  Aug.  1,  1903 

A.  Aug.  3,  1912 

June  8,  1895 
Aug.  2,  1913 

S.  Oct.  10,  1903 
A.  Aug.  5,  1905 

S.  Feb.  8,  1908 

A.  Aug.  1,  1914 

June  10,  1911 

S.  Dec.  13,  1902 
A.  Aug.  1,  1908 

June  8,  1907 
S.  Aug.  7,  1909 
A.  Feb.  11,  1911 

Feb.  11,  1905 


LIST    OF    MKMHERS. 


63  Flint,  Frederic  John,  71,  Stanley  Street,  Blyth 

64  Foggo,   John   Frederick,   Street   Lane,   Smithy   Houses, 

Derby    ... 

65  Ford,  Eric  Lodfwin,  Park  Villa,  Witton  Gilbert,  Durham 

66  Ford,  Leo  Dorey,  c/o  T.  H.   Ward,  East  Indian  Railway 

Company's  Collieries,  Giridih,  Bihar  and  Orissa,  India 

67  Ford,  Thomas,  Blaydon  Burn  Colliery,  Blaydon-upon-Tyne, 

County  Durham  ...         ...         ...         

68  Forster,  Edward  Baty,  Ingleside,  Ryton,  County  Durham 

69  Forster,  Frank,   Woodhouse,  Wingate  Grange,  Wingate, 

County  Durham 

70  Fowler,  Albert  Ernest  

71  Fowler,  Robert  Norman,  Whorlton  Terrace,  North  Wal- 

bottle,  Newburn,  Northumberland 

72  Gallagher,   Patrick,    1,    East    View,    Horden    Colliery, 

Horden,  County  Durham     ... 

73  Gallon,    Joseph,    71,    Seventh    Row,    Ashington,    North- 

umberland 

74  Gilchrist,    George    Atkinson,    South    Pelaw    Colliery, 

Chester-le-Street 

75  Goodin,    William,    H.M.    Sub-Inspector    of    Mines,    11, 

Emerald  Street,  Saltburn-by-the-Sea 

76  Gore-Langton,   Robert    Lancelot,   Cowichan   Bay   Post 

Office,  Vancouver  Island,  British  Columbia 

77  Gowans,  John  Haliburton,  Westoe  Village,  South  Shields 

78  Grace,  William  Grace,  Eston  Mines,  Eston,  Yorkshire  .. 

79  Graham,  John  Brown,  9,  Low  Kells,  Whitehaven 

80  Graham,  Robert,  31,  Railway  Terrace,  Willington,  County 

Durham 

81  Graham,  William,  Jun.,  Solway  House,  Moresby,  White- 

haven   ... 

82  Guthrie,  Kenneth  Malcolm,  c/o  Mrs.  Bolam,  Ashleigh, 

Pelton,  County  Durham      

83  Hare,  Alfred  Bessell,  Howlish  Hall,  Bishop  Auckland  ... 

84  Hawes,    George   Arthur,    2,  Sandringham  Terrace,  Lee- 

holme,  Bishop  Auckland 

85  Hawkins,     John     Bridges     Bailey,     Staganhoe     Park, 

Welwyn  

86  Heaps,  Christopher,  Slaggyford,  Carlisle    ... 

87  Hedley.  George  William,  Kimblesworth  House,  Chester- 

le-Street 

88  Hedley,  Rowland  Frank  Hutton,  59,  John  Street,  Sunder- 

land      ...         

89  Henderson,  Christopher  Gregory,  17,  First  Row,  Ash- 

ington, Northumberland 

90  Hepburn,  Henry,  Greenhead  Terrace,  Chopwell,  Ebchester, 

County  Durham 

91  Herdman.  Fred.  O.,  Main  Street,  Haltwhistle,  Northumber- 

land 

92  Herriotts,  Joseph  George,  2,  West  View,  Hoi'den,  County 

Durham 

93  Hesloi>,  George,  Cambrian  Colliery,  Dannhauser,  Natal, 

South  Africa  

94  Heslop,    James,  Stobswood    Colliery,   Acklington,  North- 

umberland 

95  Heslop,    William,     9,      Stephenson      Terrace,      Wylam, 

Northumberland 


Date  of  Election 

and  of  Transfer. 

Aug. 

7j 

1909 

s. 

June 

14. 

1902 

A. 

Aug. 

6, 

1904 

S. 

April  11, 

1908 

A. 

Feb. 

8, 

1913 

Feb. 

8, 

1913 

Aug. 

2 

1902 

April 

7,' 

1906 

Feb. 

8, 

1902 

S. 

Oct. 

12, 

1907 

A. 

Aug. 

3, 

1912 

S. 

Aug. 

2. 

1902 

A. 

Aug. 

3, 

1907 

Dec. 

13, 

1902 

S. 

Oct. 

9, 

1909 

A. 

Aug. 

1, 

1914 

S. 

Dec. 

14, 

1901 

A. 

Aug. 

1, 

1908 

Dec. 

13, 

1913 

Feb. 

10, 

1906 

S. 

Feb. 

10, 

1912 

A. 

Aug. 

2. 

1913 

S. 

Feb. 

9. 

1907 

A. 

Aug. 

1, 

1914 

Feb. 

8, 

1913 

Oct. 

12, 

1907 

S. 

Oct. 

13, 

1906 

A 

Aug. 

3, 

1912 

S 

■  Aug. 

5, 

1911 

A. 

Dec. 

13, 

1913 

Dec. 

14. 

1912 

Dec. 

12. 

1903 

S, 

,  Dec. 

13. 

,  1902 

A 

•  Aug. 

6, 

,  1910 

S 

.  Feb. 

10. 

,  1900 

A 

•  Aug. 

4; 

,  1900 

Dec. 

13 

,  1902 

S 

.  Apri 

1  4 

,  1903 

A 

•  Aug. 

7 

.  1909 

June  1 

,  1912 

S 

.  Oct. 

12 

,  1907 

A 

•  Aug 

.  3 

,  1912 

S 

.  Dec. 

14 

,  1907 

A 

•  Aug 

.  6 

,  1910 

Apri 

128 

,  1900 

Oct. 

9 

,  1909 

Dec. 

12 

,  1908 

Oct. 

8 

,  189S 
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96  Holliday,  Albert  Edward   David,   Ashington   Colliery, 

Ashington,  Northumberland 

97  Hudson,  Mark,  115,  Gurney  Valley,  Bishop  Auckland 

98  Humble,    WILLIAM    Henry,   Waldridge  Colliery,  Chestur- 

le-Street 

99  Hunter.  Andrew,   3,  Westcott  Avenue,  South  Shields  ... 

100  Hunter,  Herbert  Stanley,  Blakelaw,  Kenton,  Newcastle- 

upon-Tyne 

101  Hunter,   Percy,   7,    Klmfield  Road,  Gosforth,   Newcastle- 

upon-Tyne       ...         ...         ...         ...  ..  ... 

102  Hutton,  Allan  Robinson  Bowes,  Eldon  Colliery,  Bishop 

Auckland 

103  Hyde.  Gbo&GE  Alfred,  96,  New  Row,  New  Delaval,  New- 

sham,  Northumberland 

104  Hynd,    Thomas,    Metcalfe   Street,    Wallsend,    New    South 

Wales,  Australia 

105  Jacobs,  George,  6,  St.  George's  Scpaare,  Sunderland 
106 
107 
108 


Jeffery,    Albert   John,    Hedworth    House,    Barn   Hill, 

Stanley,  Count y  Durham    ... 
Joblino,  John  Swanstone,  20,  Ivy  Terrace,  Laugley  Park, 

Durham 
Jones,    Walter,    West    House,    Wheatley   Hill   Colliery, 

Thornley,  County  Durham 


109  Kent,  Thomas  Geok<;e,  Washington  Colliery,  Washington 

Station,   County  Durham    ... 

110  Kirkley,  Aidan,  Cleadon  Park,  Cleadon,  Sunderland 

111  Kirkxp,    Ernest    Hodgson,    Eighton    Lodge,    Low    Fell, 

Gateshead. upon-Tyne  ...         ...         

112  Lawson,  John,  Fair  View,  Burnopfield,  County  Durham    .. 

113  Leebetter,   William,   Edith   Avenue,    Usworth   Colliery, 

Washington  Station,  County  Durham    ... 

114  Lewiss,  Edward  Middlemass,  3,   Eighth  Row,  Ashington, 

Northumberland 

115  Liddell,   Henry    Norman    John,    Ovingham  upon-Tyne, 

Northumberland 

116  Lightley,  John,  Byers  Green,  Spennymoor 

117  Lister,  John  Alfred,  Glencoe  House,  Hinderwell,  York- 

shire 

118  Logan,  Reginald  Samuel  Moncrieff,  33,  Boyd  Terrace, 

Blucher  Pit,  Newburn,  Northumberland 

119  Longridce,  John,    The  Bungalow,  Ginteen,  Castlecomer, 

County  Kilkenny 

120  Lowry,  Joseph  Thompson,  Armstrong  House,  Cramlington, 

Northumberland 

121  MacGregor,  Donald,  Bentley  Colliery,  Doncaster... 

122  McKie,  Thomas,  Ashington  Colliery,  Morpeth         

123  Magee,  Charlie  Sharpe,  Sharpe's  House,  Hetton-le-Hole, 

County  Durham 

124  Magee,   Stanley    Sharpe,    Dunston    Colliery,    Dunston, 

Gateshead-upon-Tyne 

125  Mandi,,    Otto,    Anglo-American   Club,   Freiberg,    Saxony, 

Germany 

126  Melville,  John  Thomas,  Melha  House,  Scriven,  Knares- 

borough,  Yorkshire  ... 

127  Milburn,  Edwin  Walter,  Woodhorn  Colliery,  Ashington, 

Northumberland 

128  Milburn,    William,  Hill  House,  Ouston,  Birtley,  County 

Durham  ...         ...         ...         ...         


Date  of  Election 
and  of  Transfer. 


April  12,  1913 
Dec.     9,  1905 

Dec.  14,  1907 

Feb.  13,  1897 

S.  Feb.  9,  1907 

A.  Aug.  3,  1912 

April  8,  1911 
S.  April  8,  1905 
A.  Aug.  3,  1912 
S.  Feb.  13,  1909 
A.  Aug.  5,  1911 

April  12,  1913 

S.  Dec.  11,  1909 
A.  Aug.  1,  1914 

April  2S,  1900 

Oct.  12,  1907 

S.  Feb.  9,  1901 

A.  Aug.  1,  1908 


Dec. 

13, 

1913 

June 

1 1 

1910 

s 

Apri 

13 

,1907 

A. 

Aug. 

3, 

1912 

Oct. 

10, 

1908 

Dec. 

9, 

1911 

Oct. 

12, 

1907 

s. 

June 

10, 

1905 

A. 

Aug. 

5, 

1911 

April 

2.-,, 

1896 

s. 

Dec. 

8, 

1906 

A 

Aug. 

6, 

1910 

s 

Feb. 

9. 

1901 

A 

Aug. 

1, 

1903 

Feb. 

11. 

1905 

April 

3, 

1909 

S 

Feb. 

9, 

1901 

A. 

Aug. 

1, 

1908 

Oct. 

9, 

1909 

S.  Aug.  7,  1909 
A.  Aug.  2,  1913 

April  13.  1912 
S.  Feb.  10,  1912 
A.  Aug.  1,  1914 

April  8,  1899 
S.  Feb.  10,  1900 
A.  Aug.  5,  1905 

June  8,  1895 


Hi 
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129  Millne,    David.    41,    Shiney    Row,    Bedlington,    North- 
umberland       ...         ...         •-.         ■■■  ■•  

130*MlT('HKLL- WITHERS,  WlLLIAM    CHARLES  

131  .Muse,  Thomas  John,  32,  Beaconsfield  Avenue,  Low  Fell, 

Gateshead-upon-Tyne 

132  Musgrove,  William,  Heddon  Colliery,  Northumberland... 

133  Mycock,   William,  Front  Street,  Shotton  Colliery,  Castle 

Eden.  County  Durham         

134  Nichols,  Henry  Herbert,  Kibblesworth,  Gateshead-upon- 

Tyne     

135  ^Nicholson,   George  Thompson,   Dene  House,  Scotswood, 

Northumberland        ...         

136  Oswald,  George  Robert,  The  Hydraulic  Mines,  Taiping, 

Federated  Malay  States.  All  communications  sent  to 
E.  William  Oswald,  Glebe  Farm,  Bedworth, 
Nuneaton 

137  Owen,   Arthur  Lewis   Scott,  6,  Success   Terrace,  Fence 

Houses  ... 

138  Owens,  George,  Westerton  Village,  Bishop  Auckland 

139  Paddon,    Neville    Blackmore,  Thinford  Mill,  Ferry  Hill 

140  Palmer,     Harry,     16,     Fountain     Street,     Guisborough, 

Yorkshire 

141  Palmer,  Meyrick,  Jobs  Hill,  near  Crook,  County  Durham 

142  Parker,    Joseph    William,    Cornelia  Colliery,    Viljoen's 

Drift,  Orange  Free  State,  South  Africa  

143  Pattinson,  Charles  Werner,  Medomsley,  County  Durham 

144  Pattison,  Charles  Arthur,  Evenwood,  Bishop  Auckland 

145  Pattison,     William,     Clydesdale     Colliery,    Wolvehoek, 

Orange  Free  State,  South  Africa 

146  Pearson,  John  Charlton,  Butt  Bank  House,  Fourstones, 

Northumberland 

147  Peel,   George,  Jun.,  27,  Langley  Street,   Langley  Park, 

Durham 

148  Penney,    Isaac,    Deaf    Hill    Colliery,     Trimdon    Grange, 

County  Durham  ...         ...         

149  Portrey,  "  James,     West    Thornley,    Tow    Law,    County 

Durham  ...  ..  •■•  •••  •••  ••• 

150  Pratt,  George  Ross,  Springwell  Colliery,  Gateshead-upon- 

Tyne     "       

151  Pumphrey,   Charles   Ernest,   Greenside    House,    Ryton, 

County  Durham  

152  Ramsay,    John    Gladstone.    Oaklea,    Bowburn,   Coxhoe, 

County  Durham 

153  Rayner,  Sydney,  The  Marshes,   Atherton  Road,  Hindley 

Green,  Wigan... 

154  Richardson,    Frank,     Ravensworth,    Ashton-under-Lyne 

155  Richardson,   Henry,  Clara  Vale  Colliery,  Ryton,  County 

Durham 

156  Ridley,  George  Dinning,  Linton  Colliery,  Morpeth 

157  Ridley,    Henry    Anderson,    Burnbrae,    Blaydon     Burn, 

Blavdon-upon-Tyne,  County  Durham       

158  Ridley,'  William,   Jun.,   15,  Chester  Street,   Waldridge, 

Chester-le-Street         ...         

159  Rivers,  John,  The  Villas,  Thornley,  County  Durham 


Date  of  Election 

ami  of  Transfer. 

Aug.    3,  1907 

s. 

April  28,  1900 

A. 

Aug.     2,  1902 

s. 

Dec.     8,  1906 

A. 

Aug.    5,  1911 

S. 

June    8,  1895 

A. 

Aug.     1,  1903 

Oct.  10,  1908 


Aug.  3,  1907 
S.  Dec.  10,  1904 
A.  Aug.  5,  1911 


S.  June  9,  1900 
A.  Aug.  3,  1907 
S.  June  12,  1909 
A.  Aug.  6,  1910 
Oct.  9,  1909 

Dec.  14,  1907 
S.  June  14,  1902 
A.  Aug.  7,  1909 
S.  June  8,  1901 
A.  Aug.  1,  1908 

June  11,  1910 

June  12,  1909 

S.  April  13,  1901 

A.  Aug.  5,  1905 

Dec.  13,  1902 

Feb.  14,  1903 

April  4,  1903 

Dec.  9,  1911 

Oct.  12,  1912 

June  8,  1895 
S.  Dec.  10,  1904 
A.  Aug.  4,  1906 


Dec.  10.  1892 
S.  Feb.  13,  1909 

A.  Aug.  5,  1911 
S.  Oct.  12,  1901 

A.  Aug.  1,  1908 


Dec. 
Feb. 

8, 
8, 

1906 
1890 

Dec. 

14, 

1907 

Dec. 

Feb. 

8, 
9, 

1906 
1895 
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160  Robinson,  Thomas  Lee,  Office  House,  Newton  Cap  Colliery, 

near  Bishop  Auckland 

161  Rochester,   William,   1,  Office  Row,  Netherton  Colliery, 

Nedderton,  Newcastle-upon-Tyne  ... 

162  Rodvvay,  William,  South  Row,   Bedlington,  Northumber- 

land 

163  Roose,  Hubert  P.   G. ,  c'o  Martin  Brothers,   Casilla  181, 

Valparaiso,  Chile,  South  America 
16-1  Rutherford,  Hooper,  y  Llanerch,  Rhymney,  Cardiff 

165  Rutherford,    Robert   Archibald,    Wellington    Terrace, 

Edmondsley,  Durham 

166  Rutherford,  Thomas  Easton,  New  Brancepeth  Colliery, 

Durham 

167  Scobie,  Isaac,  Woonona,  near  Sydney,  New  South  Wales, 

Australia 

168  Scott,     John     Linton,      East     View,      Seaton     Delaval, 

Newcastle-upon-Tyne 

169  Scott,    Thomas   Amour,    Sea   View,    Newburgh   Colliery, 

Acklington,  Northumberland 

170  Seed,  Alexander,  1,  College  Terrace,    Brandon  Colliery, 

County  Durham 

171  Severs,  Jonathan,  2,  St.  Cuthbert's  Terrace,  Dean  Bank, 

Ferry  Hill        

17"-  SiMFBON,   Joseph,  Wheatley  Hill  Colliery  Office,  Thornley, 
County   Durham 

173  Simpson,  Richard  Charlton,  Wellington  Terrace,  Edmonds- 

ley,  Durham    ... 

174  Slater,  Thomas  Edward,  Ystradgynlais,  Breconshire     ... 

175  Snaith,  Joseph,  Fell  House,  Burnhope,  Durham     

176  Sxowdon,    Thomas,    Jun.,    Oakwood,    Cockfield,    County 

Durham 

177  Southern,  Charles,    Radstock,  Bath 

178  Southern,  John,  9,   Egremont  Drive,  Sheriff  Hill,  Gates- 

head-upon-Tyne 

179  Southern,    Stephen,    Heworth   Colliery,    Felling,   County 

Durham 

180  Stewart,  Roland,  Thorn  Cottage,   Whickham,  Swalwell, 

Count}'  Durham 

181  Stobart,      Thomas      Carlton,      Ushaw     Moor     Colliery, 

Durham 

182  Stoker,  Nicholas,  South  Pelaw  Colliery,  Chester-le-Street 

183  Strong,  George  Adamson,  Kibhlesworth  Hall,  Gateshead- 

upon-Tyne 

184  Summerside,  Edward,  River  View,  Morpeth  

185  Swan,    William    Edward,    Stanley  House,    King   Street, 

Alfreton  ...         ...         ...  ...         

186  Swann,  Joseph  Todd,  1,  Tyne  View,  Throckley,  Newburn, 

Northumberland 

187  Thirlwell,  Thomas  A.,   Benwell  Old  House,   Newcastle- 

upon-Tyne 

188  Thomas,   Rop.ert  Clark,    15,   Success   Cottages,    Bunker 

Hill,  Fence  Houses    ... 

189  Thompson,    William,    Stone     House,    Broughton     Moor, 

Maryport 

190  Thornton,    Frank,    19,    North    Terrace,    Shildon,    New 

Shildon,  County  Durham 

191  Turnbull,  John  James,  Jun.,  c/o  Chief  Inspector  of  Mines 

in  India,  Dhanbaid  P.O.,  District  Manbhoom,  India     ... 


Date  of  Election 
anil  of  Transfer. 


April  12,  1913 

Dec.  9,  1905 

June  14,  1913 

S.  Dec.  9,  1899 

A.  Aug.  3.  1907 

S.  Dec.  1],  1909 

A.  Aug.  2,  1913 

Dec.  14,  1907 
S.  June  10,  1899 
A.  Aug.  4,  1906 

Oct.  13,  1906 
S.  Dec.  12,  1908 
A.  Aug.  3,  1912 

Oct.  9,  1909 

April  4,  1903 

S.  June  8,  1895 

A.  Aug.  4,  1900 

S.  June  10,  1905 

A.  Aug.  2,  1913 

Feb.  13,  1904 
S.  April  13,  1907 
A.  Aug.  2,  1913 
Oct.  12,  1907 
S.  June  12,  1897 
A.  Aug.  3,  1901 
S.  June  10,  1903 
A.  Aug.  7,  1909 

Dec.  14,  1889 
S.  Dec.  14,  1895 
A.  Aug.  3,  1901 

Aug.  6,  1910 

Aug.  2,  1902 

Feb.  13,  1904 

S.  Aug.  2,  1902 

A.  Aug.  1,  1908 

Dec.  11,  1909 

April  9,  1904 
S.  Dec.  13,  1902 
A.  Aug.  4,  1906 

S.  Dec.  13,  1902 
A.  Aug.  7,  1909 
S.  Aug.  3,  1907 
A.  Aug.  6,  1910 

Dec.  14,  1907 

S.  Feb.  8,  1902 

A.  Aug.  7,  1909 

S.  Feb.  8,  1908 

A.  Dec.  9,  1911 


liv 


LIST    OF    MEMBERS. 


192 
193 

194 


Date  of  Election 
and  of  Transfer. 

Oct.   8,  1904 

June  8,  1895 

S.  Dec.  12,  1908 
A.  Aug.  2,  1913 

April  2,  1898 

Dec.  14,  1907 
S.  June  8,  1907 
A.  Aug.  5,  1911 
S.  June  8,  1907 
A.  Aug.  1,  1914 
199  Weeks,  Francis  Mathwin,  Craghead  and  Holmside   S.  Feb.  10,  1906 


195 
196 
197 
198 
i  99 
200 
201 
202 
203 
204 
205 

206 


Tuknbull,  William,  West  Holywell,  Back  worth  Colliery, 

Newcastle-upon-Tyne 
Turner   George,  Black  House  Colliery,    Birtley,    County 

Durham 

Varvill,  Wilfred  Walter,  Bryu-yr-afr  Mine,  near  Taly- 
bont,  Cardiganshire    .. 

Wainwright,    William,    West    View,    Fieldhouse  Lane, 

Western  Hill,  Durham 
Walton,  Isaac,  15,  Hetton  Lyons,  Hetton  Colliery,  Hetton- 

le-Hole,  County  Durham 
Watson,  Thomas,  Jan.,  Rosebank,  Darlington 

Watts,      Hubert,    Blytheswood    North,    Osborne    Roa'l, 
Newcastle-upon-Tyne 


Collieries,  Craghead,  County  Durham 
Welsh,    Arthur,    Red    House,    Tunstall    Village,     near 

Sunderland 
Widdas,    Frank,    Thrislington     Hall,    West     Corn  forth, 

Count}'  Durham 
Wild,  Robert  Powley,  Applegarth,  Queens   Road,    Chel- 
tenham... 
Williamson,   George    Armstrong,     Haslemere,     Bourne 

Road,  Bexley,  Kent ... 
Wood,    George,    11,    Third    Row,    New    Buildings,    East 

Cramlington,  Cramlington,  Northumberland     ... 
Wraith,  Charles  Osborn,   Leeuwpoort,    ria  Warmbaths, 

Transvaal 

Young,  Charles,  Laburnum  House,  Rowlands  Gill,    New- 
castle-upon-Tyne 


A.  Aug.  2,  1913 
S.  Aug.  1,  1896 
A.  Aug.    1,  1903 

Dec.      8,  1900 

S.  Dec.      8,  1906 

A.  Aug.     1,  1908 

S.  Feb.  13,  1909 

A.  Aug.    1,  1914 

April  13,  1907 
S.  June  10,  1905 
A.  Aug.    5,  1911 


Dec.    10,  1910 


STUDENTS  (Stud.I.M.E.). 


Date  of  Election. 
Feb.  14,  1914 
Feb.  14,  1914 


Aldis,  Gerald,  Seghill  Colliery,  Seghill,  Dudley,  North- 
umberland 

Anderson,  Robert  Wvlie,  Highfield,  Wallsend,  North- 
umberland 

Atkinson,  William   Henry,  Dans   Castle,  Tow   Law,  County 

Durham  Aug.      7,  1909 

Avery,  William  Ernest,    11,   Station  Lane,    Birtley,   County 

Durham  ...         June     8,  1907 

Bootiman,  Frank  Cecil,  177,  Laygate,  South  Shields Feb.     10,1912 

Brass,   James    Robson,    Chailaw  and  Sacriston  Collieries, 

County  Durham      ...  ...         ...         ...  April    8,  1911 

Browell,  Jasper  Geoffrey,  Low  Trewhitt,  Rothbury,  North- 
umberland       Oct.      8,  1910 

Brown,  John  Cecil,  9,  East  View,  South  Shields  Feb.     10,  1912 

Charlton,    George   Fenwick    Hedley,   School  House,   Seaton 

Delaval,  Newcastle-upon-Tyne    ...  ...  ...  ...  ...   Feb.     10,1912 

Coxon,  Samuel  Bailey,  3,  Percy  Terrace,  Gosforth,  Newcastle- 
upon-Tyne     ..  Oct.     12,  1907 

Craw-hall,    John     Stanhope,    Westcroft,    Stanhope,    County 

Durham  Feb.    14,  1914 


12  Dakers   Edgar  Walton,  Tudhoe  Colliery,  Spennymoor 


Dec.     14,  1907 


Fletcher,    Frank,    11,    South   View   Terrace,    North    Biddick 

Colliery,   Washington  Station,  County  Durham         ...         ...  June     1,  1912 
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14  6AIXW.Y,  John  Payne,  Hylton  Colliery,  near  Sunderland        ...  oS^STSmS 

!fi  St!f'REWIS  WI?*?"' „Westfield.  Ashington,    Northumberland  April  12    1913 

6  Hall,  Rowley  Station  House,  South  Hylton,  Sunderland  Dec       4 

7  Hare,  Ralph  \  ictor,  Howlish  Hall,  Bishop  Auckland  Dec       0     Q  0 

18  HEASSvXha^N0LD'    '■    N°rth    Vie"'    °"—.    Birtley,  **    W' 191° 
J  Dec.      9,  1911 

19  Is"R4e";,s"x1,!:,;,J"HK'  Tord"sto'"  wm  cm"  r»»".  r  „ 

Feb.    11,  1911 

20  KE^stLTp(on-T3tnReBERT   STANT0N'  38'  »*»    ^^   »f " 
2.  Kirkup     PHrLiPjnn.,-177     High -Street;  Easington  "  Lane",  '  ^ 

Hetton-le-Hole,  County  Durham g       .  .Dec.     9    1911 

22  Leybourne,  Elliot  Angus,  Birchholme,  Gateshead-upon-Tyne  ..    April  12,  1913 

23  McKensey,  Stanley,  Hebburn  Colliery,  Weston,    New   South 

VV  ales,  Australia  .  n 

ot   M±AREN'  ^WALD  ^ENBT'  °»'ertonHall,  Sunderiand   Z         -  Feb      o'  \o\o 
2o  MERiVALE,\ERNON,Togston  Hall,  Acklington,  Northumberland   Oct      8,   SSIS 

26  P^hk^ton,  Matthew  Lilburn,  Hill  House,  Monkwearmouth, 

UI1  era"      Oct.      9,1909 

28  RmrK/vy'  S?ARLES  Tl™Mps°N>  Coanwood,  Roker,  Sunderland  ...  Au.      5    1911 
28  RlDL^;h  William,    10,   Railway    street,    Tow    Law,    County        °        ' 

UriaD1         Aug.     1,  1908 

S  W?'  PH°MAS  Ar™ir>  Belmont,  Stanford  Road,  Lydney       ...  Aug.     3    191<> 

30  Scott,   Charles  Weatheritt,   6,   Evelyn   Terrace,   Gateshead-        g        ' 

upon-lyne  -p. 

31  Simpson,  Claude  Frank  BELL.Hedgefield  House,  Blaydon-upon:  '  "" 

lyne,  County  Durham  A 

32  Strong,  John  William,  7,   Earls  Drive,  Low  Fe'li,  Gateshead-'        g' 

Up0n-T^ne Oct.      9,  1909 

33  Thompson,  John  Ballantyne,  166,  Westoe  Road,  South  Shields  Feb.    10,  1912 

34  White,  Ronald  Edwin,  40,  Beaconsfield  Street,  Blyth Aug.     2,  1913 


SUBSCRIBERS. 

1  THE1An,eUN,;T"N   CoAL  Company,  Limited,  Milburn  House,  Newcastle-upon- 

2  The  B.rtley  Iron  Company  (3),  Birtley,  County  Durham. 

4  TU\frTetZ2tl^RIErAKY   C0MPANY'    LlMITED'  3'  f;reat  Winche8ter 

O    BANNER,    MONO    AND    COMPANY,    LIMITED,    Northwich. 

7  T„t    rJ  Honourable  the  Mabqubss  of  Bute.  Bute  Estate  Offices,  Aberdare. 
/    ihi    Oharlaw  and    Sacriston    Collieries    Company,   Limited,  34,    Grev 
btreet,  Newcastle-upon-Tyne.  ^ 

9  THECr™rn'  Company,  Limited,  Merrington  Lane  Iron  Works,  Spennymoor. 

10  ThP  H  Coal  Company,  Limited  (2),  F,  King  Street,  Newcastle-upon-Tyne. 

S,R?Urabvi°?D  NlNIAX  EmvARD  Crichton-Stuart,  House  of  Falkland, 
.Falkland,  tifeshire. 

11  Crompton  and  Company,  Limited,  Pearl  Buildings,  Northumberland  Street, 

iNewcastle-upon-Tyne. 
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12  Dominion  Coal  Company,  Limited,  Glace  Bay,  Nova  Scotia. 

13  The   Right    Honourable   the   Earl  of   Durham    (2),  Lambton  Offices,  Fence 

Houses. 

14  The   Right  Honourable   the    Earl    of    Ellesmkre   (2),    Bridgewater  Offices, 

Walkden,    Manchester.        Trmisadions    sent    to   Capt.   Henry    Vaughan 
Hart-Davis,  Bridgewater  Offices,  Walkden,  Manchester. 

15  The  Elswick  Coal  Company,  Limited,  Newcastle-upon-Tyne. 

16  Gent  and  Company,  Limited,  Faraday  Works,  Leicester. 

17  D.  H.  and  G.  Hagoie,  Wearmouth  Patent  Rope  Works,  Sunderland. 

18  The  Harton  Coal  Company,  Limited  (3),  Harton  Collieries,  South  Shields. 

19  James  Joicey  and  Company,  Limited  (2),  Newcastle-upon-Tyne. 

20  Kirkpatrick  and  Barr,  Maritime  Buildings,  King  Street,  Newcastle-upon- 

Tyne.     Transactions,  etc.,  sent  to  J.  A.  Donkin,   12,  Ashgrove  Terrace, 
( iateshead-upon-Tyne. 

21  The  Lambton  and  Hetton  Collieries,  Limited  (3),  Cathedral  Buildings,  Dean 

Street,  Newcastle-upon-Tyne. 

22  Joseph  Laycock  and  Company,  Seghill,  Dudley,  Northumberland. 

23  The  Most  Honourable  the  Marquess  of  Londonderry  (4),  c/o  Vincent  Charles 

Stuart  Wortley  Corbett,  Londonderry  Otlices,  Seaham  Harbour,  County 
Durham. 

24  Mavor  and  Coulson,  Limited,  47,  Broad  Street,  Mile-End,  Glasgow. 

25  The  North  Brancepeth  Coal  Company,  Limited,  Crown  Street  Chambers, 

Darlington. 

26  The   North  Hetton  Coal  Company,  Limited  (3),   Hetton-le-Hole,  County 

Durham. 

27  Osbeck  and  Company,  Newcastle-upon-Tyne. 

28  The  Priestman  Collieries,  Limited,  Victoria  Garesfield  Colliery,  Rowlands 

Gill,  Newcastle-upon-Tyne.    Transactions  sent  to  H.  Peile,  The   Priestman 
Collieries,  Limited,  Milburn  House,  Newcastle-upon-Tyne. 

29  The  Ryhope  Coal  Company,  Limited  (2),  Ryhope  Colliery.  Sunderland. 

30  Siemens  Brothers  and  Company,  Limited,  39,  Collingwood  Buildings,  New- 

castle-upon-Tyne. 

31  The  South  Hetton  Coal  Company,  Limited  (2),  50,  John  Street,  Sunderland. 

32  The  Stella  Coal  Companv,  Limited,  Hedgefield,  Blaydon-upon-Tyne,  County 

Durham. 

33  The   Throckley   Coal   Company,  Limited,  Milburn  House,  Newcastle-upon- 

Tyne. 

34  The  Wearmouth  Coal  Company,  Limited  (2),  Sunderland. 

35  Westport  Coal  Company.  Limited  (2).  Dunedin,  New  Zealand. 


ENUMERATION. 

August  1,  1914. 

Honorary  Members      ...         ...         ...         ...         ...         ...  24 

Members .          846 

Associate  Members       97 

Associates            206 

Students                34 

Subscribers          35 

Total      1,242 


Members  are  desired  to  communicate  all  changes  of  address,  or  any  corrections  or 
omissions  in  the  list  of  names,  to  the  Secretary. 
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CHARTER    OF    THE    NORTH    OF    ENGLAND    INSTITUTE    OF 
MINING  AND  MECHANICAL  ENGINEERS. 


FOUNDED  1852. 
INCORPORATED  NOVEMBER  28th,   1876. 


©ictOrhlt  by   the  Grace  of  God,   of  the   United  Kingdom  of  Great 

Britain  and  Ireland,   Queen,   Defender  of  the  Faith,  to  all  to   whom 
these  Presents  shall  Come,  Greeting  : 

Whereas  it  has  been  represented  to  us  that  Nicholas  Wood,  of 
Hetton,  in  tho  County  of  Durham,  Esquire  (since  deceased) ;  Thomas 
Emerson  Forster,  of  Newcastle-upon-Tyne,  Esquire  (since  deceased) ; 
Sir  George  Elliot,  Baronet  (then  George  Elliot,  Esquire),  of  Houghton 
Hall,  in  the  said  County  of  Durham,  and  Edward  Fenwick  Boyd,  of 
Moor  House,  in  the  said  County  of  Durham,  Esquire,  and  others  of  our 
loving  subjects,  did,  in  the  year  one  thousand  eight  hundred  and  fifty-two, 
form  themselves  into  a  Society,  which  is  known  by  the  name  of  The 
North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 
having  for  its  objects  the  Prevention  of  Accidents  in  Mines  and  the 
Advancement  of  the  Sciences  of  Mining  and  Engineering  generally,  of 
which  Society  Lindsay  Wood,  of  Southill,  Chester-le-Street,  in  the  County 
of  Durham,  Esquire,  is  the  present  President.  And  whereas  it  has  been 
further  represented  to  us  that  the  Society  was  not  constituted  for  gain, 
and  that  neither  its  projectors  nor  Members  derive  nor  have  derived 
pecuniary  profit  from  its  prosperity  ;  that  it  has  during  its  existence  of  a 
period  of  nearly  a  quarter  of  a  century  steadily  devoted  itself  to  the  pre- 
servation of  human  life  and  the  safer  development  of  mineral  property  ; 
that  it  has  contributed  substantially  and  beneficially  to  the  prosperity  of 
the  country  and  the  welfare  and  happiness  of  the  working  members  of  the 
community  ;  that  the  Society  has  since  its  establishment  diligently 
pursued  its  aforesaid  objects,  and  in  so  doing  has  made  costly  experiments 
and  researches  with  a  view  to  the  saving  of  life  by  improvements  in  the 
ventilation  of  mines,  by  ascertaining  the  conditions  under  which  the  safety 
lamp  may  be  relied  on  for  security ;  that  the  experiments  conducted  by 
the  Society  have  related  to  accidents  in  mines  of  every  description,  and 
have  not  been  limited  to  those  proceeding  from  explosions  ;  that  the  vari- 
ous modes  of  getting  coal,  whether  by  mechanical  appliances  or  otherwise, 
have  received  careful  and  continuous  attention,  while  the  improvements 
in  the  mode  of  working  and  hauling  belowground,  the  machinery  em- 
ployed for  preventing  the  disastrous  falls  of  roof  underground,  and  the 
prevention  of  spontaneous  combustion  in  seams  of  coal  as  well  as  in  car- 
goes, and  the  providing  additional  security  for  the  miners  in  ascending 
and  descending  the  pits,  the  improvements  in  the  cages  used  for  this  pur- 
pose, and  in  the  safeguards  against  what  is  technically  known  as  "  over- 
winding," have  been  most  successful  in  lessening  the  dangers  of  mining, 
and  in  preserving  human  life  ;that  tin'  Society  has  held  meetings  at  stated 
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periods,  at  which  the  results  of  the  said  experiments  and  researches  have 
been  considered  and  discussed,  and  has  published  a  series  of  Transactions, 
filling  many  volumes,  and  forming  in  itself  a  highly  valuable  Library  of 
scientific  reference,  by  which  the  same  have  been  made  known  to  the 
public,  and  has  formed  a  Library  of  Scientific  Works  and  Collections  of 
Models  and  Apparatus,  and  that  distinguished  persons  in  foreign  countries 
have  availed  themselves  of  the  facilities  afforded  by  the  Society  for  com- 
municating important  scientific  and  practical  discoveries,  and  thus  auseful 
interchange  of  valuable  information  has  been  effected  ;  that  in  particular, 
with  regard  to  ventilation,  the  experiments  and  researches  of  the  Society, 
which  have  involved  much  pecuniary  outlay  and  personal  labour, 
and  the  details  of  which  are  recorded  in  the  successive  volumes  of 
the  Society's  Transactions,  have  led  to  large  and  important  advances 
in  the  practical  knowledge  of  that  subject,  and  that  the  Society's 
researches  have  tended  largely  to  increase  the  security  of  life  ;  that  the 
Members  of  the  Society  exceed  800  in  number,  and  include  a  large  pro- 
portion of  the  leading  Mining  Engineers  in  the  United  Kingdom.  And 
whereas  in  order  to  secure  the  property  of  the  Society,  and  to  extend  its 
useful  operations,  and  to  give  it  a  more  permanent  establishment  among 
the  Scientific  Institutions  of  our  Kingdom,  we  have  been  besought  to  grant 
to  the  said  Lindsay  Wood,  and  other  the  present  Members  of  the 
Society,  and  to  those  who  shall  hereafter  become  Members  thereof,  our 
Royal  Charter  of  Incorporation.  Now  know  te  that  we,  being  desirous 
of  encouraging  a  design  so  laudable  and  salutary,  of  our  especial  grace, 
certain  knowledge,  and  mere  motion,  have  willed,  granted,  and  declared, 
and  do,  by  these  presents,  for  us,  our  heirs,  and  successors,  will,  grant, 
and  declare,  that  the  said  Lindsay  Wood,  and  such  others  of  our  loving 
subjects  as  are  now  Members  of  the  said  Society,  and  such  others  as  shall 
from  time  to  time  hereafter  become  Members  thereof,  according  to  such 
Bye-laws  as  shall  be  made  as  hereinafter  mentioned,  and  their  successors, 
shall  for  ever  hereafter  be,  by  virtue  of  these  presents,  one  body,  politic 
and  corporate,  by  the  name  of  "  The  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers,"  and  by  the  name  aforesaid  shall 
have  perpetual  succession  and  a  Common  Seal,  with  full  power  and 
authority  to  alter,  vaiy,  break,  and  renew  the  same  at  their  discretion,  and 
by  the  same  name  to  sue  and  be  sued,  implead  and  be  impleaded,  answer 
and  be  answered  unto,  in  every  Court  of  us,  our  heirs  and  successors,  and 
be  for  ever  able  and  capable  in  the  law  to  purchase,  acquire,  receive,  pos- 
sess, hold,  and  enjoy  to  them  and  their  successors  any  goods  and  chattels 
whatsoever,  and  also  be  able  and  capable  in  the  law  (notwithstanding  the 
statutes  of  mortmain)  to  purchase,  acquire,  possess,  hold  and  enjoy  to 
them  and  their  successors  a  hall  or  house,  and  any  such  other  lands,  tene- 
ments, or  hereditaments  whatsoever,  as  they  may  deem  requisite  for  the 
purposes  of  the  Society,  the  yearly  value  of  which,  including  the  site  of 
the  said  hall  or  house,  shall  not  exceed  in  the  whole  the  sum  of  three 
thousand  pounds,  computing  the  same  respectively  at  the  rack  rent  which 
might  have  been  had  or  gotten  for  the  same  respectively  at  the  time  of 
the  purchase  or  acquisition  thereof.  And  we  do  hereby  grant  our 
especial  License  and  authority  unto  all  and  every  person  and  persons  and 
bodies  politic  and  corporate,  otherwise  competent,  to  grant,  sell,  alien, 
convey  or  devise  in  mortmain  unto  and  to  the  use  of  the  said  Society  and 
their  successors,  any  lands,  tenements,  or  hereditaments  not  exceeding 
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with  the  lauds,  tenements  or  hereditaments  so  purchased  or  previously 
acquired,  such  annual  value  as  aforesaid,  and  also  any  moneys,  stocks, 
securities,  and  other  personal  estate  to  be  laid  out  and  disposed  of  in 
the  purchase  of  any  lands,  tenements  or  hereditaments  not  exceeding  the 
like  annual  value.  And  we  further  will,  grant,  and  declare,  that  the 
said  Society  shall  have  lull  power  and  authority,  from  time  to  time,  to 
sell,  grant,  demise,  exchange  and  dispose  of  absolutely,  or  by  way  of 
mortgage,  or  otherwise,  any  of  the  lands,  tenements,  hereditaments  and 
possessions,  wherein  they  have  any  estate  or  interest,  or  which  they  shall 
acquire  as  aforesaid, but  that  no  sale, mortgage, or  other  disposition  of  any 
lands,  tenements,  or  hereditaments  of  the  Society  shall  be  made,  except 
with  the  approbation  and  concurrence  of  a  General  Meeting.  And  our  will 
and  pleasure  is,  and  we  further  grant  and  declare  that  for  the  better  rule 
and  government  of  the  Society,  and  the  direction  and  management  of  the 
concerns  thereof,  there  shall  be  a  Council  of  the  Society,  to  be  appointed 
from  among  the  Members  thereof,  and  to  include  the  President  and  the 
Vice-Presidents,  and  such  other  office-bearers  or  past  office-bearers  as  may 
be  directed  by  such  Bye-laws  as  hereinafter  mentioned,  but  so  that  the 
Council,  including  all  ex-officio  Members  thereof,  shall  consist  of  not  more 
than  forty  or  less  than  twelve  Members,  and  that  the  Vice-Presidents  shall 
be  not  more  than  six  or  less  than  two  in  number.  And  we  do  hereby 
further  wall  and  declare  that  the  said  Lindsay  Wood  shall  be  the  first 
President  of  the  Society,  and  the  persons  now  being  the  Vice-Presidents, 
and  the  Treasurer  and  Secretary,  shall  be  the  first  Vice-Presidents,  and 
the  first  Treasurer  and  Secretary,  and  the  persons  now  being  the  Members 
of  the  Council  shall  be  the  first  Members  of  the  Council  of  the  Society, 
and  that  they  respectively  shall  continue  such  until  the  first  election  shall 
be  made  at  a  General  Meeting  in  pursuance  of  these  presents.  And  we 
do  hereby  further  will  and  declare  that,  subject  to  the  powers  by 
these  presents  vested  in  the  General  Meetings  of  the  Society,  the  Council 
shall  have  the  management  of  the  Society,  and  of  the  income  and  property 
thereof,  including  the  appointment  of  officers  and  servants,  the  definition 
of  their  duties,  and  the  removal  of  any  of  such  officers  and  servants,  and 
generally  may  do  all  such  acts  and  deeds  as  they  shall  deem  necessary  or 
fitting  to  be  done,  in  order  to  carry  into  full  operation  and  effect  the 
objects  and  purposes  of  the  Society,  but  so  always  that  the  same  be  not 
inconsistent  with,  or  repugnant  to,  any  of  the  provisions  of  this  our 
Charter,  or  the  Laws  of  our  Realm,  or  any  Bye-law  of  the  Society  in  force 
for  the  time  being.  And  we  do  further  will  and  declare  that  at  any 
General  Meeting  of  the  Society,  it  shall  be  lawful  for  the  Society,  subject 
as  hereinafter  mentioned,  to  make  such  Bye-laws  as  to  them  shall  seem 
necessary  or  proper  for  the  regulation  and  good  government  of  the  Society, 
and  of  the  Members  and  affairs  thereof,  and  generally  for  carrying  the 
objects  of  the  Society  into  full  and  complete  effect,  and  particularly  (and 
without  its  being  intended  hereby  to  prejudice  the  foregoing  generality), 
to  make  Bye-laws  for  all  or  any  of  the  purposes  hereinafter  mentioned, 
that  is  to  say  :  for  fixing  the  number  of  Vice-Presidents,  and  the  number 
of  Members  of  which  the  Council  shall  consist,  and  the  manner  of  electing 
the  President  and  Vice-Presidents,  and  other  Members  of  the  Council, 
and  the  period  of  their  continuance  in  office,  and  the  manner  and  time 
of  supplying  any  vacancy  therein  ;  and  for  regulating  the  times  at  which 
General  Meetings  of  the  Society  and  Meetings  of  the  Council  shall  be  held, 
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and  for  convening  the  same  and  regulating  the  proceedings  thereat,  and 
for  regulating  the  manner  of  admitting  persons  to  be  Members  of  the 
Society,  and  of  removing  or  expelling  Members  from  the  Society,  and 
for  imposing  reasonable  fines  or  penalties  for  non-performance  of  any 
such  Bye-laws,  or  for  disobedience  thereto,  and  from  time  to  time  to 
annul,  alter,  or  change  any  such  Bye-laws,  so  always  that  all  Bye- 
laws  to  be  made  as  aforesaid  be  not  repugnant  to  these  presents,  or  to 
any  of  the  laws  of  our  Realm.  And  we  do  further  will  and  declare 
that  the  present  Rules  and  Regulations  of  the  Society,  so  far  as  they 
are  not  inconsistent  with  these  presents,  shall  continue  in  force,  and 
be  deemed  the  Bye-laws  of  the  Society  until  the  same  shall  be  altered 
by  a  General  Meeting,  provided  always  that  the  present  Rules  and 
Regulations  of  the  Society  and  any  future  Bye-laws  of  the  Society  so  to  be 
made  as  aforesaid  shall  have  no  force  or  effect  whatsoever  until  the  same 
shall  have  been  approved  in  writing  by  our  Secretary  of  State  for  the 
Home  Department.  In  witness  whereof  we  have  caused  these  our 
Letters  to  be  made  Patent. 

Witness  Ourself  at  our  Palace,   at  Westminster,   the   28th  day  of 
November,  in  the  fortieth  year  of  our  reign. 

By  Her  Majesty's  Command. 

CARDEW. 
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I.- — Constitution. 

1. — The  North  of  England  Institute  of  Mining  and  Mechanical 
Engineers  shall  consist  of  Members,  Associate  Members  and  Honorary 
Members.  The  Institute  shall  in  addition  comprise  Associates  and 
Students. 

2. — The  Officers  of  the  Institute,  other  than  the  Treasurer  and  the 
Secretary,  shall  be  elected  from  the  Members  and  Associate  Members, 
and  shall  consist  of  a  President,  six  Vice-Presidents,  and  eighteen 
Councillors,  who,  with  the  Treasurer  and  the  Secretary  (if  Members  of 
the  Institute)  shall  constitute  the  Council. 

All  Past-Presidents  shall  be  ex-ofjicio  Members  of  the  Council,  so  long 
as  they  continue  Members  or  Associate  Members  of  the  Institute  ;  and 
Vice-Presidents  who  have  not  been  re-elected  or  have  become  ineligible 
from  having  held  office  for  three  consecutive  years,  shall  be  ex-officio 
Members  of  the  Council  for  the  following  year. 

II. — Qualifications  of  Members,  Associate  Members,  Honorary 
Members,  Associates  and  Students. 

3.- — Members. — Every  candidate  for  admission  into  the  class  of 
Members,  or  for  transfer  into  that  class,  shall  come  within  the  following 
conditions  : — He  shall  be  more  than  twenty-three  years  of  age,  have  been 
regularly  educated  as  a  Mining  or  Mechanical  Engineer,  or  in  some  other 
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branch  of  Engineering,  according  to  the  usual  routine  of  pupilage,  and 
have  had  subsequent  employment  for  at  least  two  years  in  some  responr 
sible  situation  as  an  Engineer,  or  if  he  has  not  undergone  the  usual 
routine  of  pupilage,  he  must  have  been  employed  or  have  practised  as 
an  Engineer  for  at  least  five  years.  This  class  shall  also  comprise  every 
person  who  was  an  Ordinary  Member,  Life  Member,  or  Student  on  the 
tirst  of  August,  1877. 

4. — Associate  Members  shall  be  persons  connected  with  or  interested 
in  Mining  or  Engineering,  and  not  practising  as  Mining  or  Mechanical 
Engineers,  or  in  some  other  branch  of  Engineering. 

5. — Honorary  Members  shall  be  persons  who  have  distinguished 
themselves  by  their  literary  or  scientific  attainments,  or  who  have  made 
important  communications  to  the  Society. 

6. — -Associates  shall  be  persons  acting  as  under-viewers,  under- 
managers,  or  in  other  subordinate  positions  in  mines,  or  employed  in 
analogous  positions  in  other  branches  of  Engineering. 

7. — Students  shall  lie  persons  who  are  qualifying  themselves  for  the 
profession  of  Mining  or  Mechanical  Engineering,  or  other  branch  of 
Engineering,  and  such  persons  may  continue  Students  until  they  attain 
the  age  of  twenty-five  years. 

III. — Election  and  Expulsion  of  Members. 

8. — Any  person  desirous  of  becoming  a  Member,  an  Associate  Member, 
an  Associate  or  a  Student,  shall  be  proposed  according  to  the  proper 
Form  in  the  Appendix,  in  which  Form  the  name,  usual  residence,  and 
qualifications  of  the  candidate  shall  be  distinctly  specified.  The  Form 
must  be  signed  by  the  proposer  and  at  least  two  other  Members  or 
Associate  Members,  certifying  a  personal  knowledge  of  the  candidate, 
who  shall  himself  sign  the  undertaking  contained  therein. 

Any  person  qualified  to  become  an  Honorary  Member  shall  be  proposed 
according  to  the  proper  Form  in  the  Appendix,  in  which  Form  the  name, 
usual  residence,  and  qualifications  of  the  candidate  shall  be  distinctly 
stated.  This  Form  must  be  signed  by  the  proposer  and  at  least  five  other 
Members  or  Associate  Members,  certifying  a  personal  knowledge  of  the 
candidate,  who  shall  himself  sign  the  undertaking  contained  therein,  and 
the  Council  shall  have  the  power  of  defining  the  time  during  which, 
and  the  circumstances  under  which  the  candidate  shall  be  an  Honorary 
Member. 

Any  Associate  or  Student  desirous  of  becoming  a  Member,  shall  be 
proposed  and  recommended  according  to  the  proper  Form  in  the  Appen- 
dix, in  which  Form  the  name,  usual  residence,  and  qualifications  of  the 
candidate  shall  be  distinctly  specified.  This  Form  must  be  signed  by  the 
proposer  and  at  least  two  other  Members  or  Associate  Members, 
certifying  a  personal  knowledge  of  the  candidate,  who  shall  himself  sign 
the  undertaking  contained  therein,  and  the  proposal  shall  then  be  treated 
in  the  manner  hereinafter  described. 

Every  proposal  shall  lie  delivered  to  the  Secretary,  and  by  him  sub- 
mitted to  the  next  meeting  of  the  Council,  who,  on  approving  the  quali- 
fications, shall  determine  if  the  candidate  is  to  be  presented  for  ballot, 
and  if  it  is  so  determined,  the  Chairman  of  the  Council  shall  sign  such 
proposal.  The  same  shall  be  read  at  the  next  Ordinary  General  Meeting, 
and  afterwards  be  exhibited  in  the  Institute's  Hall  until  the  following 
Ordinary  General  Meeting,  when  the  candidate  shall  be  balloted  for. 
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A  Student  may  become  an  Associate  at  any  time  after  attaining  the 
age  of  twenty-one  years. 

9. — The  balloting  shall  be  conducted  in  the  following  manner  : — Each 
Member  or  Associate  Member  attending  the  meeting,  at  which  a  ballot  is 
to  take  place,  shall  be  supplied  (on  demand)  with  a  list  of  the  names  of  the 
persons  to  be  balloted  for,  according  to  the  proper  Form  in  the  Appendix, 
and  shall  strike  out  the  names  of  such  candidates  as  he  desires  shall  not 
be  elected,  and  return  the  list  to  the  scrutineers  appointed  by  the  presid- 
ing Chairman  for  the  purpose,  and  such  scrutineers  shall  examine  the  lists 
so  returned,  and  inform  the  meeting  what  elections  have  been  made.  No 
candidate  shall  be  elected  unless  he  secures  the  votes  of  two-thirds  of  the 
Members  and  Associate  Members  voting. 

10. — Notice  of  election  shall  be  sent  to  every  person  within  one  week 
after  his  election,  according  to  the  proper  Form  in  the  Appendix,  and  the 
person  elected  shall  send  the  amount  of  his  annual  subscription,  or  life 
composition,  within  four  months  from  the  date  of  such  election,  which 
otherwise  shall  become  void. 

11.- — Every  Member  having  signed  a  declaration  according  to  the 
proper  Form  in  the  Appendix,  and  having  likewise  made  the  proper 
payment,  shall  receive  a  certificate  of  his  election,  according  to  the  proper 
Form  in  the  Appendix. 

12. — Any  Member,  Associate  Member.  Associate  or  Student  elected 
at  any  meeting  between  the  Annual  Meetings  shall  be  entitled  to  all 
Transactions  issued  in  the  Institute's  year,  so  soon  as  he  has  signed  and 
returned  a  declaration  according  to  the  proper  Form  in  the  Appendix, 
and  paid  his  subscripton. 

13. — The  Transactions  of  the  Institute  shall  not  be  forwarded  to  those 
whose  subscriptions  are  in  arrear  on  the  first  of  November  in  each  year. 

1  i. — Any  person  whose  subscription  is  more  than  one  year  in  arrear 
shall  be  reported  to  the  Council,  who  shall  direct  application  to  be  made 
for  it,  according  to  the  proper  Form  in  the  Appendix,  and  in  the  event  of 
its  continuing  one  month  in  arrear  after  such  application,  the  Council 
shall  have  the  power,  after  remonstrance  by  letter  to  his  last  recorded 
address  in  the  books  of  the  Society,  according  to  the  proper  Form  in  the 
Appendix,  of  declaring  that  the  defaulter  has  ceased  to  be  a  Member. 

15. — In  case  the  expulsion  of  any  person  shall  be  judged  expedient 
by  ten  or  more  Members  or  Associate  Members,  and  they  think  fit  to 
draw  up  and  sign  a  proposal  requiring  such  expulsion,  the  same  being 
delivered  to  the  Secretary,  shall  be  by  him  laid  before  the  next  meeting 
of  the  Council  for  consideration.  If  the  Council,  after  due  inquiry,  do  not 
find  reason  to  concur  in  the  proposal,  no  entry  thereof  shall  be  made  in  any 
minutes,  nor  shall  any  public  discussion  thereon  be  permitted,  unless  by 
requisition  signed  by  one-half  of  the  Members  or  Associate  Members 
of  the  Institute ;  but  if  the  Council  do  find  good  reason  for  the  proposed 
expulsion,  they  shall  direct  the  Secretary  to  address  a  letter,  according  to 
the  proper  Form  in  the  Appendix,  to  the  person  proposed  to  be  expelled, 
advising  him  to  withdraw  from  the  Institute.  If  that  advice  be  followed, 
no  entry  on  the  minutes  nor  any  public  discussion  on  the  subject  shall  be 
permitted  ;  but  if  that  advice  be  not  followed,  nor  an  explanation  given 
which  is  satisfactory  to  the  Council,  they  shall  call  a  General  Meeting  for 
the  purpose  of  deciding  on  the  question  of  expulsion  ;  and  if  a  majority  of 
the  Members  and  Associate  Members  present  at  such  meeting  (provided 
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the  number  so  present  be  not  less  than  forty)  vote  that  such  person  be 
expelled,  the  Chairman  of  that  meeting  shall  declare  the  same  accord- 
ingly, and  the  Secretary  shall  communicate  the  same  to  the  person 
according  to  the  proper  Form  in  the  Appendix. 

IV. — Subscriptions. 
If,      The  annual  subscription  of  each  Member  and  Associate  Member 
shall  be  £2   2s.,  of  each   Associate  and   Student  £1    5s.,   payable   in 
advance,  and  shall  be  considered  due  on  election,  and  afterwards  on  the 
nrst  Saturday  in  August  of  each  year. 

17.— Any  Member,  Associate  Member,  Associate  or  Student  may  at 
any  time,  compound  for  all  future  subscriptions  by  a,  payment  i'n  accord- 
ance with  the  following  scale  :— 

Under  30  years  of  age,  the  sum  of  £31 
°™-30  „  „  „         27 

»     40  »  „  „         24 

»     50  „  .,  „         21 

»     GO  „  „  „         17 

or  on  such  other  conditions  as  the  Council  may,  in  writing  accept  Every 
person  so  compounding  shall  be  a  Member,  Associate  Member,  Associate 
or  Student  for  life,  as  the  case  may  be.  Any  Associate  Member,  Associate 
or  btudent  so  compounding  who  may  afterwards  be  qualified  to  become  a 
Member,  may  do  so,  by  election  in  the  manner  described  in  Bye-law  8 
All  compositions  shall  fce  deemed  capital  money  of  the  Institute 

18— In  case  any  Member,  Associate  Member  or  Associate,  who  has 
been  long  distinguished  in  his  professional  career,  becomes  unable,  from 
ill-health  advanced  age,  or  other  sufficient  cause,  to  cany  on  a  lucrative 
practice,  the  Council  may,  on  the  report  of  a  Sub-Committee  appointed 
by  them  for  that  purpose,  if  they  find  good  reason  for  the  remission  of 
the  annual  subscription  so  remit  it.  They  may  also  remit  any  arrears 
which  are  due  from  a  Member,  or  they  may  accept  from  him  a  collection 
of  books,  or  drawings,  or  models,  or  other  contributions,  in  lieu  of  the 
composition  mentioned  in  Bye-law  17,  and  may  thereupon  release  him 
from  any  or  all  future  subscriptions,  and  permit  him  to  resume  his  former 
rank  m  the  Institute. 

19.— Owners  of  Collieries,  Engineers,  Manufacturers,  Railway  Com- 
panies, and  Employers  of  labour  generally,  may  subscribe  annually  to  the 
funds  of  the  Institute,  and  each  such  subscriber  of  £2  2s.  annually  shall 
be  entitled  to  tickets  to  admit  two  persons  to  the  rooms,  library,  meeting 
lectures,  and  public  proceedings  of  the  Society;  and  for  every  additional 
~-  -s..  subscribed  annually,  two  other  persons  shall  be  admissible  ■  and 
each  such  subscriber  shall  also  be  entitled  for  each  £2  2s  subscription 
to  have  a  copy  of  the  Transactions  of  the  Institute  sent  to  him. 

V. — Election  of  Officers 

*  i°TT^P™  ,sident'  ^"Presidents,  and  Councillors  shall  be  elected 
at  the  Annual  Meeting  in  August  (except  in  cases  of  vacancies)  and  shall 
be  eligible  for  re-election  to  any  office,  with  the  exception  of  any  President 
who  may  have  held  office  for  the  two  immediately  preceding  years  or 
Vice-President  who  may  have  held  office  for  the  three  immediatelv 
preoeding  yens,  and  such  six  Councillors  as  mav  have  attended  the  fewest 
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Council  Meetings  during  the  past  year,  and  when  any  such  attendances 
are  equal,  the  Council  shall  decide  between  thern  ;  but  any  such  Member 
or  Associate  Member  shall  be  eligible  for  re-election  after  being  one  year 
out  of  office. 

Any  Retiring  Vice-President  or  Councillor  who  may  be  ineligible  for 
re-election  shall  nevertheless  be  eligible  to  any  other  office. 

21. — Each  Member  and  Associate  Member  shall  be  at  liberty  to 
nominate  in  writing,  and  send  to  the  Secretary  not  less  than  eight  days 
prior  to  the  Ordinary  General  Meeting  in  June,  a  list,  duly  signed,  of 
Members  and  Associate  Members  suitable  to  fill  the  offices  of  President, 
Vice-Presidents,  and  Members  of  Council  fur  the  ensuing  year.  The 
Council  shall  prepare  a  list  of  the  persons  so  nominated,  together  with 
the  names  of  the  Officers  for  the  current  year  eligible  for  re-election,  and 
of  such  other  MembersandAssociate  Members  as  theydeem  suitable  for  the 
various  offices.  Such  lists  shall  comprise  the  names  of  not  less  than  thirty 
persons.  The  list  so  prepared  by  the  Council  shall  be  submitted  to  the 
Ordinary  General  Meeting  in  June,  and  shall  be  the  balloting  list  for  the 
annual  election  in  August.  (See  proper  Form  in  the  Appendix.)  A  copy  of 
this  list  shall  be  posted  at  least  seven  days  previous  to  the  Annual  Meeting 
to  every  Member  and  Associate  Member,  who  may  erase  any  name  or 
names  from  the  list,  and  substitute  the  name  or  names  of  any  other 
Member  or  Associate  Member  eligible  for  each  respective  office;  but  the 
number  of  names  on  the  list,  after  such  erasure  or  substitution,  must  not 
exceed  the  number  to  be  elected  to  the  respective  offices.  Papers  which 
do  not  accord  with  these  diiections  shall  be  rejected  by  the  scrutineers. 
The  votes  for  any  Member  who  may  not  be  elected  President  or  Vice- 
Presidents  shall  count  for  them  as  Members  of  the  Council,  but  in  no 
case  shall  he  receive  more  than  one  vote  from  each  voter.  The  Chairman 
shall  appoint  four  scrutineers,  who  shall  receive  the  balloting  papers,  and, 
after  making  the  necessary  scrutiny,  destroy  the  same,  and  sign  and  hand 
to  the  Chairman  a  list  of  the  elected  Officers.  The  balloting  papers  may 
be  returned  through  the  post,  addressed  to  the  Secretary,  or  be  handed  to 
him,  or  to  the  Chairman  of  the  meeting,  so  as  to  be  received  before  the 
appointment  of  the  scrutineers  for  the  election  of  Officers. 

22. — In  case  of  the  decease,  expulsion,  or  resignation  of  any  Officer  or 
Officers,  the  Council,  if  they  deem  it  requisite  that  the  vacancy  shall  be 
filled  up,  shall  present  to  the  next  Ordinary  General  Meeting  a  List  of 
persons  whom  they  nominate  as  suitable  for  the  vacant  office  or  offices, 
and  a  new  Officer  or  Officers  shall  be  elected  at  the  first  succeeding 
Ordinary  General  Meeting. 

23. — The  Treasurer  and  the  Secretary  shall  be  appointed  by  the 
Council,  and  shall  be  removable  by  the  Council,  subject  to  appeal  to  a 
General  Meeting.     One  and  the  same  person  may  hold  both  these  offices. 

VI. — Duties  of  the  Officers  and  Council. 

24. — The  President  shall  take  the  chair  at  all  meetings  of  the  Institute, 
the  Council  and  Committees,  at  which  he  is  present  (he  being  ex-officio 
a  member  of  all),  and  shall  Pegulate  and  keep  order  iii  the  proceedings. 

25. — In  the  absence  of  the  President,  it  shall  be  the  duty  of  the  senior 
Vice-President  present  to  preside  at  the  meetings  of  the  Institute,  to 
keep  order,  and  to  regulate  the  proceedings.      In  case  of  the  absence  of 
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the  President  and  of  all  the  Vice-Presidents,  the  meeting  may  elect  any 
Member  of  Council,  or  in  case  of  their  absence,  any  Member  or  Associate 
Member  present,  to  take  the  chair  at  the  Meeting. 

26. — At  Meetings  of  the  Council,  five  shall  be  a  quorum.  The  minutes 
of  the  Council's  proceedings  shall  be  at  all  times  open  to  the  inspection 
of  the  Members  and  Associate  Members. 

27. — The  Treasurer  and  the  Secretary  shall  act  under  the  direction 
and  control  of  the  Council,  by  which  body  their  duties  shall  from  time  to 
time  be  defined. 

28. — The  Council  may  appoint  Committees  for  the  purpose  of  tran- 
sacting any  particular  business,  or  of  investigating  any  specific  subject 
connected  with  the  objects  of  the  Institute.  Such  Committees  shall 
make  a  repori  to  the  Council,  who  shall  act  thereon,  and  make  use 
thereof  as  they  see  occasion. 

VII. — Communications  and  Memoirs. 

29. — All  papers  shall  be  sent  for  the  approval  of  the  Council  at  least 
twenty-one  days  before  a  General  Meeting,  and  after  approval,  shall  be 
read  before  the  Institute.  The  Council  shall  also  direct  whether  any 
paper  read  before  the  Institute  shall  be  printed  in  the  Transactions,  and 
immediate  notice  shall  be  given  to  the  writer  whether  it  is  to  be  printed 
or  not. 

30. — The  copyright  of  all  papers  communicated  to,  and  accepted  for 
printing  by  the  Council,  and  printed  within  twelve  months,  shall  become 
vested  in  the  Institute,  and  such  communications  shall  not  be  published 
for  sale  or  otherwise,  without  the  written  permission  of  the  Council. 

31. — Twenty  copies  of  each  paper  printed  by  the  Institute  shall  be 
presented  to  the  author  for  private  use. 

32. — All  proofs  of  reports  of  discussions,  forwarded  to  any  person  for 
correction,  must  be  returned  to  the  Secretary  within  seven  days  from  the 
date  of  their  receipt,  otherwise  they  will  be  considered  correct  and  be 
printed  off. 

33. — The  Institute  is  not,  as  a  body,  responsible  for  the  statements 
and  opinions  advanced  in  the  papers  which  may  be  read,  nor  in  the  dis- 
cussions which  may  take  place  at  the  meetings  of  the  Institute. 

VIII. — Meetings  of  the  Institute. 

34. — An  Ordinaiy  General  Meeting  shall  be  held  on  the  first  Saturday 
of  every  month  (except  January  and  July)  at  two  o'clock,  unless  other- 
wise determined  by  the  Council  ;  and  the  Ordinaiy  General  Meeting  in 
the  month  of  August,  shall  be  the  Annual  Meeting,  at  which  a  report  of 
the  proceedings,  and  an  abstract  of  the  accounts  of  the  previous  year, 
shall  be  presented  by  the  Council. 

35. — All  donations  to  the  Institute  shall  be  acknowledged  in  the 
Annual  Report,  of  the  Council. 

36. — A  Special  General  Meeting  shall  be  called  whenever  the  Council 
may  think  fit,  and  also  on  a  requisition  to  the  Council,  signed  by  ten  or 
more  Members  or  Associate  Members.  The  business  of  a  Special  Meeting 
shall  be  confined  to  that  specified  in  the  notice  convening  it. 

37. — The  Members,  Associate  Members, Honorary  Members, Associates 
and  Students,  shall  have  notice  of,  and  the  privilege  to  attend,  all 
Ordinaiy   General    Meetings   and    Special   Meetings. 
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38.  —Every  question,  not  otherwise  provided  for,  which  shall  come 
before  any  meeting,  shall  be  decided  by  the  votes  of  the  majority  of  the 
Members  and  Associate  Members  then  present. 

39. — Invitations  shall  be  forwarded  to  any  person  whose  presence  at 
the  discussions  the  Council  may  think  advisable,  and  strangers  so  invited 
shall  be  permitted  to  take  part  in  the  proceedings  but  not  to  vote. 

Any  Member  or  Associate  Member  shall  have  power  bo  introduce  two 
strangers  (see  proper  Form  in  the  Appendix)  to  any  General  Meeting,  but 
they  shall  not  take  part  in  the  proceedings  except  by  permission  of  the 
meeting. 

IX. — Property  of  the  Institute. 

40. — The  Funds  of  the  Society  shall  be  deposited  in  the  hands  of  the 
Treasurer,  and  shall  be  disbursed  or  invested  by  him  according  to  the 
direction  of  the  Council. 

41. — The  Institute  Hall  and  Reading  Room  shall  be  open  to  the 
Members,  Associate  Members,  Honorary  Members,  Associates  and 
Students  on  every  week  day,  from  10  a.m.  to  5  p.m.,  except  on  such 
special  day  or  days  when  the  Council  .shall  think  it  expedient  to  close  the 
rooms  and  suspend  the  circulation  of  Books.  Books  shall  be  issued 
according  to  regulations  from  time  to  time  approved  by  the  Council. 

42. — No  duplicate  copies  of  any  portion  of  the  Transactions  shall  be 
issued  to  any  Member,  Associate  Member,  Associate  or  Student,  unless 
by  order  from  the  Council. 

X. — Alteration  of  Bye-laws. 

43. — No  alteration  shall  be  made  in  the  Bye-laws  of  the  Institute, 
except  at  the  Annual  Meeting,  or  at  a  Special  Meeting  for  that  purpose, 
and  the  particulars  of  every  such  alteration  shall  be  announced  at  a 
previous  Ordinary  Meeting,  and  inserted  in  its  minutes,  and  shall  be 
exhibited  in  the  room  of  the  Institute  fourteen  days  previous  to  such 
Annual  or  Special  Meeting,  and  such  Meeting  shall  have  power  to  adopt 
any  modification  of  such  proposed  alteration  of  the  Bye-laws. 

I  hereby  approve  the  foregoing  Bye-laws. 

M.  W.  RIDLEY, 
One  of  Her  Majesty's  Principal  Secretaries  of  State. 
Whitehall, 

S8rd  Se])fpmber,  1898. 
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FORM    A,    Honorary    Member. 
A.  B.  [Christian  Name,  Surname,  Occupation,  and  Address  in  full],  being 

a  person  who  has  distinguished    self 

[Here  specif//  distinctly  thi    qualifications  of  the  Candidate,  according  to  the 

■</iirif  i if  Bye-law  5.] 

On    the    above    grounds,    I    propose    to    the    Council,    from    personal 

knowledge,   as   a   proper   person   to   be   elected   an  Honorary   Member  of   the 
In-1  [\  ute. 

Signed Member  or  Associate  Member. 

Dated  this    day  of 191 
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We,  the  undersigned,  concur  in  the  above  recommendation,  from  personal 
knowledge,  being-  convinced  thai  A.  B.  is  in  every  respect  a  proper  person 
to  be  elected  an  Honorary  .Member  of  the  Institute. 

Five  Members 

or 

\--i>ciate  Members. 


[Undertaking  to  be  signed  by  thi  Candidate.'] 
I,  the  undersigned,  do  hereby  promise  that,  in  the  event  of  my  election, 
I  will  be  governed  by  the  Royal  Charter  and  Bye-laws  of  the  Institute  for 
the  time  being,  or  as  they  may  hereafter  be  altered,  amended,  or  enlarged 
under  the  powers  of  the  Baid  Royal  Charter;  and  that  I  will  promote  the 
objects  of  the  Institute  as  far  as  may  be  in  my  power,  and  will  not  aid  in 
any  unauthorised  publication  of  the  proceedings,  and  will  attend  the  meet- 
ings thereof  as  often  as  I  conveniently  can;  provided  that  whenever  I  shall 
signify  in  writing  to  the  Secretary  that  I  am  desirous  of  withdrawing  my 
name  therefrom,  I  shall  (after  the  payment  of  any  arrears  which  may  be 
due  by  me  at  that  period)  cease  to  belong  to  the  Institute. 

Signed 

Dated  this day  of 191 


[To  be  filled  up  by  the  Council."] 
The  Council,  having  considered  the  above  recommendation,  present  A.  B. 
to  lie  balloted  for  as  an  Honorary  Member  of  The  North  of  England  Institute 
of  Mining   and   Mechanical  Engineers. 

Signed Chairman. 

Nominated  at  the  Ordinary  General  Meeting.... 191 

Passed  by  the  Council 191 

Elected  at  the  Ordinary  General  Meeting 191 


FORM  B,   Member. 
A.  B.  [Christian  Name,  Surname,  Occupation,  and  Address  in  full],   born 
on  the day  of 1  ,  being  desirous  of  belong- 

ing to  The  North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 
I  recommend  him,  from  personal  knowledge,  as  a  person  in  every  respect 
worthy  of  that  distinction,  because — 

[//'/'•    specify   distinctly   the   qualifications   of  the   Candidate,   according   to  the 
spirit  of  Bye-law  3.] 
On  the  above  grounds,  I  propose  him  to  the  Council  as  a  proper  person  to 
belong  to  the  Institute. 

Signed Member  or  Associate  Member. 

Dated  this day  of 191 

We,  the  undersigned,  concur  in  the  above  recommendation,  from  personal 
knowledge,  being  convinced  that  A.  B.  is  in  every  respect  a  proper  person 
to  belong  to  the  Institute. 

~)        Two  Members 

or 
)  A ssociate  Mem bers. 


[Undertaking  to  be  signed  by  the  Candidate.] 
I,  the  undersigned,  do  hereby  promise  that,  in  the  event  of  my  election, 
I  will  be  governed  by  the  Royal  Charter  and  Bye-laws  of  the  Institute  for 
the  time  being,  or  as  they  may  hereafter  be  altered,  amended,  or  enlarged 
under  the  powers  of  the  said  Royal  Charter;  and  that  I  will  promote  the 
objects  of  the  Institute  as  far  as  may  be  in  my  power,  and  will  not  aid  in 
any  unauthorised  publication  of  the  proceedings,  and  will  attend  the  meet- 
ings thereof  as  often  as  I  conveniently  can ;  provided  that  whenever  I  shall 


hvili  APPENDIX. BYE-LAWS. 

signify  in  writing  to  the  Secretary  that  I  am  desirous  of  withdrawing  my 
name  therefrom,  I  shall  (after  the  payment  of  any  arrears  which  may  be 
due  by  me  at  that  period)  cease  to  belong  to  the  Institute. 

Signed 

Dated  this    day  of 191 


[To  be  filled  up  by  the  Council.'] 

The  Council,  having  considered  the  above  recommendation,  present  A.  B. 
to  be  balloted  for  as  a  Member  of  The  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers. 

Signed Chairman. 

Nominated  at  the  Ordinary  General  Meeting.... 191 

Passed  by  the  Council 191 

Elected  at  the  Ordinary  General  Meeting 191         .     Age, years. 


FORM  C,  Associate  Member,  Associate   or  Student. 

A.  B.  [Christian  Name,  Surname,  Occupation,  and  Address  in  full],  born 
on  the day  of 1  ,  being  desirous  of  belong- 

ing to  The  North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 
I  recommend  him,  from  personal  knowledge,  as  a  person  in  every  respect 
worthy  of  that  distinction,  and  propose  him  to  the  Council  as  a  proper  person 
to  belong  to  the  Institute. 

Signed Member  or  Associate  Member. 

Dated  this day  of 191 

We,  the  undersigned,  concur  in  the  above  recommendation,  from  personal 
knowledge,  being  convinced  that  A.  B.  is  in  every  respect  a  proper  person 
to  belong  to  the  Institute. 

Two  Members 
or 
Associate  Members. 


[Undertaking  to  be  signed  by  the  Candidate.] 

I,  the  undersigned,  do  hereby  promise  that,  in  the  event  of  my  election, 
I  will  be  governed  by  the  Royal  Charter  and  Bye-laws  of  the  Institute  for 
the  time  being,  or  as  they  may  hereafter  be  altered,  amended,  or  enlarged 
under  the  powers  of  the  said  Royal  Charter;  and  that  I  will  promote  the 
objects  of  the  Institute  as  far  as  may  be  in  my  power,  and  will  not  aid  in 
any  unauthorised  publication  of  the  proceedings,  and  will  attend  the  meet- 
ings thereof  as  often  as  I  conveniently  can ;  provided  that  whenever  I  shall 
signify  in  writing  to  the  Secretary  that  I  am  desirous  of  withdrawing  my 
name  therefrom,  I  shall  (after  the  payment  of  any  arrears  which  may  be 
due  by  me  at  that  period)  cease  to  belong  to  the  Institute. 

Signed 

Dated  this day  of 191 


[To  be  filled  up  by  the  Council.] 
The  Council,  having  considered  the  above  recommendation,  present  A.  B. 

to  be  balloted  for  as  a of  The  North  of  England  Institute 

of  Mining  and  Mechanical  Engineers. 

Signed Chairman. 

Nominated  at  the  Ordinary  General  Meeting.... 191 

Passed  by  the  Council 191 

Elected  at  the  Ordinary  General  Meeting 191         .     Age, years. 
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FORM  D,  Transfer  to  Member  or  Associate  Member. 

A.  B.  [Christian  Name,  Surname,  Occupation,  and  Address  in  full],  born 

"ii    t  lie day   of 1  .   at    present  a 

of  The  North   of   England   Institute   of   Mining   and   Mechanical   Engineers. 

being  desirous  of  becoming  a Member  of  the  said  Institute, 

I   recommend   him,    from   personal   knowledge,   as   a   person   in    every    respect 
worthy  of  that  distinction,  because — 

[Here  specify  distinctly   the  qualifications   of  the   Candidate,   according   to   the 
spirit  of  Bye-laws  3  or  ^.] 

On  the  above  grounds,  I  propose  him  to  the  Council  as  a  proper  person  to 

be  admitted  a Member. 

Signed Member  or  Associate  Member. 

Dated  this clay  of 191 

We,  the  undersigned,  concur  in  the  above  recommendation,  from  2?ersonal 
knowledge,  being  convinced  that  A.   B.   is  in  every  respect  a  proper  person 

to  be  admitted  a Member. 

^        Two  Members 

or 
Associate  Members. 


5 


[Undertaking  to  be  signed  by  the  Candidate.] 
I,  the  undersigned,  do  hereby  promise  that,  in  the  event  of  my  election, 
I  will  be  governed  by  the  Royal  Charter  and  Bye-laws  of  the  Institute  for 
the  time  being,  or  as  they  may  hereafter  be  altered,  amended,  or  enlarged 
under  the  powers  of  the  said  Royal  Charter;  and  that  I  will  promote  the 
objects  of  the  Institute  as  far  as  may  be  in  my  power,  and  will  not  aid  in 
any  unauthorised  publication  of  the  proceedings,  and  will  attend  the  meet- 
ings thereof  as  often  as  I  conveniently  can;  provided  that  whenever  I  shall 
signify  in  writing  to  the  Secretary  that  I  am  desirous  of  withdrawing  my 
name  therefrom,  I  shall  (after  the  payment  of  any  arrears  which  may  be 
due  by  me  at  that  period)  cease  to  belong  to  the  Institute. 

Signed 

Dated  this day  of 191 


[To  be  filled  up  by  the  Council.'] 
The  Council,  having  considered  the  above  recommendation,  present  A.  B. 

to  be  balloted  for  as  a Member  of  The  North   of  England 

Institute  of  Mining  and  Mechanical  Engineers. 

Signed Chairman. 

Nominated  at  the  Ordinary  General  Meeting.... 191 

Passed  by  the  Council 191 

Elected  at  the  Ordinary  General  Meeting 191         .     Age, years. 


FORM  E. 

List  of  the  names  of  persons  to  be  balloted  for  at  the  Ordinary  General 
Meeting  on the day  of 191 

Members  :  — 


Associate  Members:  — 
Honorary  Members  :  — 

Associates : — 

Students:  — 


Strike  out  the  names  of  such  persons  as  you  desire  should  not  be  elected, 
and  hand  the  list  to  the  Chairman. 
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FOEM  F. 

Sir, — I  beg  leave  to  inform  you  that  on  the day  of 

you  were  elected  a of  The  North  of  England  Institute  of 

Mining  and  Mechanical   Engineers.     In   conformity   with   its  Bye-laws   your 
election  cannot  be  confirmed   until  your  first  annual   subscription   be  paid, 

the  amount  of  which  is  £ ,  and,  at  your  option,    a  life-composition  in 

accordance  with  the  following  scale:  — 

Under  30 years  of  age  ...         ...         ...         ...         ...  ,£31 

Over30      „            ,,  27 

,,     40      ,,           „  24 

,,     50      „           „  21 

„     60      „           „  17 

If  the  subscription  is  not  received  within  four  months  from  the  present 
date,  the  election  will  become  void  under  Bye-law  10. 

All  annual  subscriptions  are  due  on  the  first  Saturday  in  August  of  each 
year. 

I   am,   sir,   yours   faithfully, 

Dated 191         .  Secretary. 


FOEM  G. 

The  North  of  England  Institute  of  Mining  and  Mechanical  Engineers. 
Founded  1852.     Incorporated  by  Royal  Charter,  A.D.  1876. 

These  are  to  certify  that  A.  B.  [Christian  Name,  Surname,  Occupation, 
and  Address  in  full]  was  elected  a  Member  of  The  North  of  England  Institute 
of  Mining  and  Mechanical  Engineers,  at  an  Ordinary  General  Meeting  held 

on  the day  of 191 

Witness  our  hands  and  seal  this day  of 191 

President. 

Secretary. 


FOEM  H. 
Sir, — I  am  directed  by  the  Council  of  The  North  of  England  Institute  of 
Mining   and   Mechanical   Engineers   to   draw   your   attention   to   Bye-law   14, 

and  to  remind  you  that  the  sum  of  £ of  your  annual  subscriptions  to 

the  funds  of  the  Institute  remains  unpaid,  and  that  you  are  in  consequence 
in  arrear  of  subscription.  I  am  also  directed  to  request  that  you  will 
cause  the  same  to  be  paid  without  further  delay,  otherwise  the  Council  will 
be  under  the  necessity  of  exercising  their  discretion  as  to  using  the  power 
vested  in  them  by  the  Article  above  referred  to. 

I  am,   sir,   yours   faithfully, 

Secretary. 

Dated 191 


FOEM  I. 
Sir, — I  am  directed  by  the  Council  of  The  North  of  England  Institute  of 
Mining   and   Mechanical   Engineers   to   inform   you   that,   in   consequence    of 
non-payment  of  your  arrears  of  subscription,  and  in  pursuance  of  Bye-law  14, 

the  Council  have  determined  that  unless  payment  of  the  amount  £ 

is   made   previous   to   the day    of next,    they    will 

proceed  to  declare  that  you  have  ceased  to  be  a  Member  of  the  Institute. 

Bat,    notwithstanding  this   declaration,   you   will   remain   liable   for   pay- 
ment of  the  arrears  due  from  you. 

I   am,   sir,   yours   faithfully, 

Secretary. 

Dated 191 
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FORM  J. 

\rin^£raIJmYrdir»?Cted  !b-Vhe-  C°Uncil  of  The  North  of  England  Institute  of 
Mining   and   Mechanical   Engineers   to   inform    you    that,    upon    mature    con- 

t"htv  ?£n*  H  '"  ^TS:il  ^hich   haS  been  laid  ^fore  then/relative  to  you", 
wii  i W  J  lT      ul  to/dvise jo"  to  withdraw  from  the  Institute,  or  other- 
wise they  will  be  obliged  to  act  in  accordance  with  Bye-law  15. 
I   am,   sir,   yours   faithfully, 

Dated ■.■■■.'.'.'.191 '. Secretary. 


FORM  K. 


Sir  — It  is  my  duty  to  inform  you  that,  under  a  resolution  passe 
Special  General  Meeting  o  The  North  of  England  Institute  of  E 
Mechanical   Engineers,  held  on  the day  of....  i 


issed  at  a 
ing  and 

—ay  of ini 

according  to  the  provisions  of  Bye-law  15,  you  have  ceased  to  be  a" 
of  the  Institute. 

I   am,    sir,   yours    faithfully, 
Dated .'.■.■.■.".191 ; Secretary. 


FORM  L,  Balloting  List. 


Ballot  to  take  place  at  the  Annual  Meeting-  on.                                191  a+  T...f> 

o'clock,  p.m.                                                           °             Ji  at   lwo 

PWBIDBNT-Not  more  than  One  Name  to  be  returned,  or  the  vote 
will  be  lost. 
—     President  for  the  current  year  eligible  for  re-election.* 
j-  New  Nominations.  * 

Vice-presidents-No!  more  than  Six  Names  to  be  returned,  or  the  5 

T                                     vote  will  be  lost.  £ 

or  Vi  I  P     GSi  f°f  anv,Member  who  may  not  be  elected  President  g  S 

or  Vice-Presidents  shall  count  for  them  as  Members  of  the  Council   J  = 

But  in  no  case  shall  he  receive  more  than  one  vote  from  each  voter    £  > 

•   a>  a? 
Vice-Presidents    for  the    current   year    eligible    for  re-  1 

election.                                                                                ^  "£ 

«4-r  * 
O 

New  Nominations.                                                                   J  | 
Council     Not  more  than  Eighteen  Names  to  be  returned,  or  the  I         g   I  JM 


vote  will  be  lost 


3  §  -    2  — 

»  £  a  ^    t<  3 

■->  z  g  a    a>  c 

w>  h  5  o    2  § 

s  2  £  o  ■ I  i. 

d  9  A  j|  S 


«    P 


Members  of  the  Council  for  the  current  year  eligible  for  *  fi  > 
re-election  —    s 


s   a    o    a 


c   —    f ■   —    . 


c 

< 


New   Nominations. 

To  be  inserted  when  necessary. 
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Ex-Officio  Members  of  the  Council  for  the  ensuing  year  :  — 


Past-Presidents. 

I 

Retiring  Vice-Presidents. 

j  B 

Bye-law  21. 

Each  Member  and  Associate  Member  shall  be  at  liberty  to  nominate  in  writing,  and  send  to  the 
Secretary  not  less  than  eight  days  prior  to  the  Ordinary  General  Meeting  in  June,  a  list,  duly 
signed,  of  Members  and  Associate  Members  suitable  to  fill  the  offices  of  President,  Vice-Presidents, 
and  Members  of  Council  for  the  ensuing  year.  The  Council  shall  prepare  a  list  of  the  persons 
so  nominated,  together  with  the  names  of  the  Officers  for  the  current  year  eligible  for  re-election, 
and  of  such  other  Members  and  Associate  Members  as  they  deem  suitable  for  the  various  offices. 
Such  list  shall  comprise  the  names  of  not  less  than  thirty  persons.  The  list  so  prepared  by  the 
Council  shall  be  submitted  to  the  Ordinary  General  Meeting  in  June,  and  shall  be  the  balloting  list 
for  the  annual  election  in  August.  (See  proper  Form  in  the  Appendix.)  A  copy  of  this  list  shall  be 
posted  at  least  seven  days  previous  to  the  Annual  Meeting  to  every  Member  and  Associate  Member, 
who  may  erase  any  name  or  names  from  the  list,  and  substitute  the  name  or  names  of  any  other 
Member  or  Associate  Member  eligible  for  each  respective  office  ;  but  the  number  of  names  on  the  list, 
after  such  erasure  or  substitution,  must  not  exceed  the  number  to  be  elected  to  the  respective  offices. 
Papers  which  do  not  accord  with  these  directions  shall  be  rejected  by  the  scrutineers.  The  votes 
for  any  member  who  may  not  be  elected  President  or  Vice-Presidents  shall  count  for  them  as 
Members  of  the  Council,  but  in  no  case  shall  he  receive  more  than  one  vote  from  each  voter  The 
Chairman  shall  appoint  four  scrutineers,  who  shall  receive  the  balloting  papers,  and,  after  making 
the  necessary  scrutiny,  destroy  the  same,  and  sign  and  hand  to  the  Chairman  a  list  of  the  elected 
Officers.  The  balloting  papers  may  be  returned  through  the  post,  addressed  to  the  Secretary,  or 
be  handed  to  him,  or  to  the  Chairman  of  the  meeting,  so  as  to  be  received  before  the  appointment 
of  the  scrutineers  for  the  election  of  Officers. 

Names  substituted  for  any  of  the  above  are  to  be  written  in  the  blank  spaces 
opposite  those  they  are  intended  to  supersede. 

The  following  Members  are  ineligible  from  causes  specified  in  Bye-law  20  : — 

As    President    

As    Vice-Presidents    

As   Councillors    


FORM  M. 

Admit     

of     

to  the  Ordinary  General  Meeting  on  Saturday,  the 

(Signature  of  Member,  Associate  Member,  Associate  or  Student) 

The  Chair  to  be  taken  at  Two  o'clock  p.m. 
I  undertake  to  abide  by  the  Bye-laws  of  The  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers,  and  not  to  aid  in  any  unauthorised  publica- 
tion of  the  Proceedings. 

(Signature    of    Visitor) 

Not  transferable. 
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INDEX     TO     VOL      LXIV. 


Explanations. 

The  -  at  the  beginning  of  a  line  denotes  the  repetition  of  a  word  •  and  in  the 
case  of  Names,  it  includes  both  the  Christian  Name  and  the  Surname  ;  or  in  the 
case  of  the  name  of  any  Firm,  Association  or  Institution,  the  full  name  of  such 
Firm,  etc. 

Discussions  are  printed  in  italics. 

"  Abs."  signifies  Abstracts  of  Foreign  Papers  at  the  end  of  the  Proceedings. 

"App."  signifies  Annual  Report  of  the  Council,  etc.,  at  the  end  of  the  Volume. 


Abstract  of  U.S.A.   current  decisions 
on  mines  and  mining,  1912-1913,  abs 
36. 
Accident,    smoke,    Moller    pits,    Glad- 
beck  colliery,  abs.  22. 
—  through    carbon-dioxide    poisoning, 
iron-ore  mine.  abs.  52. 
with    breathing-apparatus,    Consor- 
tium Ruben  pit,  Neurode,  abs.  24. 
Accidents   in   connexion   with  electric 

appliance,  abs.  30. 
Accounts,  1912-1913    8 
— ,  1913-1914,  app.  iii.,  xi. 
Adolfsgluek  potassium  salt-mine,  near 
Lindwedel,  North  Hanover  district, 
explosion  of  gas,  abs.  24. 
Ahlburg,  J.,  recent  progress  in  invest- 
igation     of      auriferous      deposits, 
Siberia,  abs.  6. 
Air-current,  automatic  distribution  cf 

stone-dust,  135.  225,  259. 
Albrecht,    — ,     Kind-Chaudron    sink- 
ings, Clausthal  district,  abs.  25. 
Alluvia,  metalliferous,  abs.  39. 
American  petroleum  industry,  new  de- 
velopments, abs.  35. 
Analysis,  black  powder  and  dynamite, 

abs.  18. 
Anderlues     colliery, 

compressed  air,  abs 
Andrimont,     R.     d', 
pipes,    Kundelungu 
Congo,  abs.  11. 
Anglo-Egyptian  Sudan,  mineral  depos- 
its, abs.  41. 
Annual  general  meeting,  1. 
—  report  of  council,  1912-1913    *> 

,1913-1914,  app.  iii.,' v.' 

finance  committee,  1912-1913  6 

,1913-1914,  app.  iii.,  x. 

Vol.   LXIV— 1918-1914. 


electricity     and 
28. 

diamantiferous 
Hills,    Belgian 


Armas,  M.,  tin  and  gold,  Bolivia,  abs. 

Ashworth,  James,  automatic  distribu- 
tion of  stone-dust  by  air-current, 
232,  259. 

— ,  coal-mining  in  United  States  of 
America,  with  special  reference  to 
treatment  of  coal-dust,  and  haulage 
by  electric  locomotives,  55. 

Asia's  part  in  mineral  industry,  abs 
13.  J 

Asiatic     Turkey,     copper-mines,     abs. 

15. 
Associate  members,  list,  app.  iii.,  xlv 
Associates,  list,  app.  iii.,  xlviii 
Atkinson,   J.    B.,   automatic  distribu- 
tion   of    stone-dust    by    air-current, 

— ,  coal-mining  in  United  States  of 
America,  with  special  reference  to 
treatment  of  coal-dust,  and  haulage 
by  electric  locomotives,  81. 

— ,  comparative  inflammability  of  mix- 
tures of  pit-gas  and  air,  ignited  by 
momentary  electric  arcs,  86,  88,  89 ' 

Auriferous  deposits,  Siberia,  investi- 
gation, abs.  6. 

Austria,  economical  utilization  of  in- 
digenous fuels,  abs.  26. 

— ,  new  legislation,  workmen's  wages 
abs.  31. 

Austrian  employers'  contribution  in 
proposed  legislation  for  miners'  in- 
surance, abs.  33. 

—  mines,  breathing-apparatus  for  res- 
cue-work, abs.  54. 

Automatic  distribution  of  stone-dust 
by  air-current,  135,  225,  259. 

—  weighbridge  with  sliding  weight 
(Schenk  type),  abs.  17. 

B 


INDEX. 


B 


Barneveld,  Charles  E.  van,  geology 
of  Missabe  iron  ranges,  Minnesota. 
abs.  9. 

Bartels,  — ,  Russia's  copper-industry, 
1912,  abs.  34. 

— , — -mining  industry,  1911,  abs.  34. 

Bedson,  P.  Phillips,  automatic  distri- 
bution of  stone-dust  bij  air-current, 
162. 

Belgian  Congo,  Kundelungu  Hills, 
diamantiferous  pipes,  ab.s.  11. 

,  mine   exploration    and    working, 

abs.  10. 

—  Luxemburg,  iron-ore  concessions, 
abs.  3. 

Belgium,  central  district,  coal-seams 
proved,  abs.  2. 

— ,  Liege,  St.  Nicholas  Pit  of  the 
Societe  des  Charbonnages  de  l'Esper- 
ance  et  Bonne  Fortune,  91,  107,  130, 
133. 

Benndorf,  K.,  new  legislation  con- 
cerning workmen's  wages,  Austria, 
abs.  31. 

Bentley  colliery,  stone-dusting,  225. 

Bitumen  in  molasse,  Western  Switzer- 
land, abs.  4. 

— ,  Zeitz  brown-coal,  Germany,  abs.  3. 

Blackdamp  and  gob-fires,  etc.,  183,  260. 

Blackett,  W.  C,  automatic  distribu- 
tion of  stone-dust  bij  air-current. 
162,  237. 

— ,  coal-mining  in  United  States  of 
America,  with  special  reference  to 
treatment  of  coal-dust,  and  haulage 
by  electric  locomotives,  79,  129. 

— ,  combustion  of  oxygen  and  coal-dust 
in  mines,  14. 

— ,  comparative  inflammability  of  mix- 
tures of  pit-gas  ami  air,  ignited  by 
moment  an)  electric  arcs,  84,  86,  88, 
89,  90. 

— ,  death  of  Addison  Langhoime  Steav- 
enson,  54. 

— ,stone-dus\in<j,      Bentley      colliery. 
237. 
-.working    of    St.     Nicholas     ]'it     of 


Societe  des  Charbonnages  de  VEsp^r- 
ance  et  Ronne  Fortune,  near  Liege, 
Belgium,  with  special  reference  to 
hydraulic  packing  of  goaf,  133. 

Black  powder  and  dynamite,  analysis, 
abs.  18. 

Blau,  — ,  automatic  weighbridge  with 
sliding  weight  (Schenk  type),  abs. 
17. 

Bohemia,  North-western,  Brux,  organ- 
ization of  rescue-work  and  central 
rescue-station,  abs.  55. 

— .Southern,  brown-coal  fields,  abs. 
41. 

Bolivia,  gold  and  tin,  abs.  9. 

Bordeaux,  Albert,  mines  and  open 
workings,  Vladivostok  region,  Siber- 
ia, abs.  45. 

Breathing  -  apparatus,  Consortium 

Ruben  pit,  Neurode,  accident  with, 
abs.  24. 

—  — ,  improvements  in  circulation  of 
oxygen,  ab.s.  55. 

-for  rescue-work,  Austrian  mines, 

abs.  54. 

Briey  iron-field,  France,  abs.  3. 

Brown-coal,  Zeitz,  bitumen,  abs.  3. 

fields,  Southern  Bohemia,  abs.  41. 

Brux,  North-western  Bohemia,  organ- 
ization of  rescue-work  and  central 
rescue-station,  abs.  55. 

— , ,  state  experimental  mining 

station,  abs.  52. 

Bulman,  H.  F.,  coal-mining  in  United 
States  of  America,  with  special  ref- 
erence to  treatment  of  coal-dust ,  and 
haulage  by  electric  locomotives,  77. 

Burrell,  George  A.,  and  Frank  M. 
Seibert,  inflammable  gases  in  mine 
air,  abs.  50. 

— ■ .sampling  and  examination  of 

mine  gases  and  natural  gas,  abs. 
51. 

Bye-laws,  app.  iii.,  lx. 

Bye-product  coking-plant,  Westphal- 
ian,  which  also  supplies  town-gas, 
195,  211. 


Canada,  north-west  provinces,  oil  and 
gas  prospects,  abs.  43. 

Carbon-dioxide  poisoning,  accident. 
iron-ore  mine,  abs.  52. 

Charter,  app.  iii.,  lvii. 

China,  coal-mines  now  worked,  abs.  15. 

— ,  mineral  production  and  resources, 
abs.  13. 

Circulation  of  oxygen  in  breathing- 
apparatus,  improvements,  abs.  55. 

Clark,  H.  H.,  and  R.  W.  Crocker. 
electrical  switches  for  use  in  gassy 
mines,  abs.  60. 


Clausthal  district,  Kind-Chaudron 
sinkings,  abs.  25. 

Clement,  J.  K.,  influence  of  inert  gases 
on  inflammable  gaseous  mixtures, 
abs.  20. 

— ,  R.  H.  Fernald,  C.  D.  Smith,  and 
H.  A.  Grine,  incidental  problems  in 
gas-producer  tests,  abs.  59. 

— ,  George  S.  Rice,  L.  M.  Jones,  and 
W.  L.  Egy,  first  series  of  coal-dust 
explosion  tests  in  U.S.A.  experimen- 
tal mine,  abs.  22 


INDEX. 


Clivk,  Robert,  stone-dusting  at  Bent- 
ley  colliery  :  report  to  Doucaster 
Coal-owners'  (Gob-fires)  Committee. 
— Discussion,  325. 

Clowes,  Frank,  gob-fires  and  black- 
damp,  etc.,  193. 

Coal,  effect  of  oxygen,  ab.s.  63. 

— ,  Siberia,  abs.  5. 

—.smokeless  combustion,  boiler-fur- 
naces, abs.  58. 

Coal-dust,  inflammability,  tests,  abs. 
19. 

and   oxygen,   combustion,   mines, 

14. 

explosion,    factors    in    processus, 

abs.  19. 

tests    iii    U.S.A.    experimental 

mine,  abs.  22. 

or     firedamp,     explosions,     fatal 

and     non-fatal,     United     Kingdom. 
1913,  list,  abs.  67. 

Coal-mines  now  worked  in  China,  abs. 
15. 

Coal-mining  in  United  States  of  Amer- 
ica, with  special  reference  to  treat- 
ment of  coal-dust,  and  haulage  by 
electric  locomotives,  18,  55,  124, 
217. 

Coal-seams  proved,  central  district, 
Belgium,  abs.  2. 

Coal-washing,  Illinois,  U.S.A.,  abs.  49. 

Combustion  of  coal  in  boiler-furnaces, 
smokeless,  abs.  58. 

oxygen   and  coal-dust   in    mines, 

14. 

Commercial  trend  of  producer-gas 
power-plant,  U.S.A.,  abs.  26. 

Committees,  1914-1915,  app.  iii.,  xvi. 

Comparative  inflammability  of  mix- 
tures of  pit-gas  and  air,  ignited  by 
momentary  electric  arcs,  32,  82. 

Compressed  air  and  electricity,  Ander- 
lues  colliery,  abs.  28. 


Congo,  Belgian,  Kundeluiigu  Hills, 
diamantiferous  pipes,  abs.  11. 

— ,  - — .mine  exploration  and  working, 
abs.  10. 

Consortium  Rubes  pit,  Neurode,  acci- 
dent with  breathing-apparatus,  ahs. 
24. 

Constructing  discharge-dams  by  mach- 
inery, Ischl  salt-mines,  abs.  51. 

Cooper,  Q-.  S.,  Westp'halian  bye-pro- 
(hiet  coking-plant  which  ulso  sup- 
plies town-gas,  211. 

Copper  and  copper-ores  found  with 
zeolites  in  andesitie  rocks,  abs.  46. 

— from  poor  ores,  recovery,  abs.  60. 

—  industry,  Russia,  1912,  abs.  34. 

Copper-mines,  Asiatic  Turkey,  abs.  15. 

Copper-pyrites  deposits,  Monte  Mulat- 
to, Southern  Tyrol,  abs.  45. 

— ■ ,  — ■  — , ,  tourmaline  -  bear- 
ing, abs.  45. 

Cost  of  electric  current  generated,  240. 

Cottlant,  E.,  copper-mines  in  Asiatic 
Turkey,  abs.  15. 

Cor/LSON,  Frank,  working  of  St.  Nich- 
olas Pit  of  Societe  tf.es  Charbonnages 
de  VEsperance  et  Bonne  Fortune, 
near  Liege,  Belgium,  with  special 
reference  to  hydraulic  packing  of 
goaf,  134. 

Council,  annual  report,  1912-1913,  2. 

— , ,1913-1914,  app.  iii.,  v. 

— ■  of  The  Institution  of  Mining  Engin- 
eers, representatives  on,  1913-1914, 
election,  13. 

.__,__,  1914-1915,  list, 

app.  iii.,  xvi. 

Crocker,  R.  W.,  and  H.  H.  Clahk, 
electrical  switches  for  use  in  gassy 
mines,  abs.  60. 

Czaplinski,  J.,  Karlik-Nahlik  auto- 
matic-catch system  for  winding  in 
inclined  shafts,  abs.  16. 


I). 


Dahms,  — ,  explosion  of  gas,  Adolfs- 
gliick  potassium  salt-mine,  near 
Lindwedel,  North  Hanover  district, 
abs.  24. 

Danger  of  drawing  water  for  domestic 
purposes  from  mines,  abs.  66. 

Dean,  Samuel,  automatic  distribution 
of  stone-dust  by  air-current,  233. 

— ,  coal-mining  in  United  States  of 
America,  with  social  reference  to 
treatment  of  coal-dust,  and  haulage 
by  electric  locomotives,  18. — Discus- 
sion, 55,  124,  217. 

Death,  Addison  Langhorne  Steaven- 
son,  54. 

Detonators,  abs.  28. 

Developments.  American  petroleum 
industry,  new,  abs.  35. 


Diamantiferous  pipes,  Kundeluiigu 
Hills,  Belgian  Congo,  abs.  11. 

Discharge-dams,  constructing  by  ma- 
chinery, Ischl  salt-mines,  abs.  51. 

Distribution  of  stone-dust  by  air-cur- 
rent, automatic,  135,  225,  259. 

Dodd,  Benjamin,  Westphalian  bye- 
product  coking-plant  which  also 
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THE  NORTH  OK  ENGLAND  INSTITUTE 


MINING  AND  MECHANICAL  ENGINEERS. 


ANNUAL  GENERAL  MEETING, 

Held  in  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 

August  1st,  1914. 


Mr.  JOHN  G.  WEEKS,  Past-President,  in  the  Chair. 


ELECTION  OF  OFFICERS,  1914-1915. 

The  Chairman  (Mr.  J.  G.  Weeks)  appointed  Messrs.  Mark 
Ford,  N".  B.  Ridley,  John  Simpson,  W.  B.  Wilson,  Jun.,  and 
Allan  Cordner  as  Scrutineers  of  the  balloting-papers  for  the 
election  of  officers  for  the  year  1914-1915. 

The  Scrutineers  afterwards  reported  the  result  of  the  ballot, 
as  follows  :  — 


Mr.  J.  B.  Atkinson. 
Mr.  Samuel  Hare. 

Mr.  R.  S.  Anderson. 
Mr.  Sidney  Bates. 
Mr.  W.  Cochran  Carr. 
Mr.  Benjamin  Dodd. 
Mr.  Mark  Ford. 
Mr.  Tom  Hall. 


President  : 
Mr.  T.  y.  Greener. 

Vice-Presidents  : 
Mr.  T.  E.  Joeling. 
Mr.  C  C.  Leach. 

Councillors  : 
Mr.  A.  M.  Hedley. 
Mr.  A.  C.  Kayll. 
Mi-.  Austin  Kirkup. 
Mr.  F.  0.  Kirkup. 
Mr.  Philip  Kirkup. 
Mr.  W.  C.  Mountain. 


Prof.  Henry  Louis. 
Mr.   F.   R,   Simpson. 

Mr.  C.  B.  Palmer. 
Mr.  R.  F.  Spence. 
Mr.  Simon  Tate. 
Mr.  R.  I.  Weeks. 
Mr.  R.  L.  Weeks. 
Mr.  E.  Seymour  Wood. 
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The  Secretary  read  the  minutes  of  the  last  General  Meeting, 
and  reported  the  proceedings  of  the  Council  at  their  meetings  on 
July  18th  and  that  day. 


G.  C.  GREENWELL  MEDAL. 

The  Chairman  (Mr.  J.  G.  Weeks)  presented  the  G.  C. 
Greenwell  bronze  medal,  which  had  been  awarded  by  the  Council, 
to  Dr.  T.  Lister  Llewellyn  for  his  paper  on  "  Illumination  at  the 
Coal-face,  with  Special  Reference  to  the  Incidence  of  Miners' 
Nystagmus." 


The  Annual  Report  of  the  Council  was  read,  as  follows  :  — 

ANNUAL  REPORT  OF  THE  COUNCIL,  1913-1914. 

The  Institute  has  sustained  a  great  loss  through  the  death 
of  Mr.  Addison  Langhorne  Steavenson,  who  was  elected  a 
member  in  the  year  1855,  served  on  the  Council  from  the  year 
1867,  and  was  elected  President  in  1893.  During  his  lifetime 
he  contributed  many  valuable  papers  to  the  Transactions,  was 
always  to  the  fore  in  discussing  papers  read  at  the  general  meet- 
ings, and  took  a  keen  practical  interest  in  the  Institute. 

A  decrease  in  the  membership  has  to  be  reported  for  the  fourth 
year  in  succession.  The  additions  to  the  register,  and  the  losses 
by  death,  resignation,  etc.,  are  shown  in  the  following  table:  — 

Additions 

Losses     ... 

Gain 

Loss        19  4-4  25  31 

It  will  be  seen  from  the  table  that  the  fall  in  membership 
is  due  both  to  a  decrease  in  the  additions  and  to  an  increase  in  the 
losses.  This  decrease  in  membership  is  no  doubt  in  part  the  result 
of  the  removal  of  the  headquarters  of  The  Institution  of  Mining 
Engineers  to  London  in  1909,  and  an  effort  must  be  made  to 
increase  the  membership  from  local  sources. 

The  membership  for  the  last  five  years  is  shown  in  the  follow- 
ing table  :  — 


1910. 

1911. 

1912. 

1913. 

1914 

84 

72 

61 

66 

55 

81 

91 

105 

91 

86 

3 

— 

— 

— 

— 
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Year  ended  August  1st  1910.  1911.  1912.  1913.  1914. 

Honorary  members  ...  26  27  24  23  24 


Members 

926 

921 

893 

874 

846 

Associate  members 

106 

107 

101 

100 

97 

Associates    ... 

214 

209 

204 

205 

206 

Students 

54 

43 

43 

38 

34 

Subscribers ... 

35 

35 

33 

33 

35 

Totals 

...      1,361 

1,342 

1,298 

1,273 

1,242 

The  Library  has  been  maintained  in  an  efficient  condition 
during*  the  year ;  the  additions,  by  donation,  exchange,  and  pur- 
chase, include  G08  bound  volumes  and  40  pamphlets,  reports, 
etc. ;  and  the  Library  now  contains  about  14,739  volumes  and 
531  unbound  pamphlets.  A  card-catalogue  of  the  books,  etc., 
contained  in  the  Library  renders  them  easily  available  for 
reference. 

An  exchange  of  Transactions  has  been  arranged,  during  the 
year,  with  the  Mines  Branch  of  the  Department  of  Mines, 
Ottawa. 

The  courses  of  lectures  for  colliery  engineers,  enginewrights, 
and  apprentice  mechanics  have  been  continued  at  Armstrong 
College,  Newcastle-upon-Tyne.  The  lectures  are  delivered  on 
Saturday  afternoons,  and  the  three  years'  course  embraces  the 
following  subjects:- — 

1914-1915. — Michaelmas  Term:  (1)  Transmission  of  Power,  and  (2)  Pump- 
ing and  Ventilation.  Epiphany  Term:  (3)  Iron  and  Steel,  and  (4)  Mining 
Machinery  (mainly  machinery  used  underground). 

1915-1916. — Michaelmas  Term :  (5)  Machine  Drawing,  and  (6)  Chemistry 
of  Fuel.  Epiphany  Term :  (7)  Strength  of  Materials  (with  experimental 
illustrations),  and  (8)  Experimental  Mechanics. 

1916-1917.— Michaelmas  Term:  (9)  The  Steam-engine,  and  (10)  Theo- 
retical Electricity.  Epiphany  Term :  (11)  Electrical  Engineering,  and  (12) 
Haulage  and  Winding. 

Several  colliery-owners  have  paid  the  fees  (£1 10s.  per  annum) 
and  railway  expenses  of  pupils  attending  the  classes  from  their 
collieries.  During  the  past  year,  the  lectures  of  the  Michaelmas 
Term  on  The  Steam-engine  were  attended  by  35  students, 
and  on  Theoretical  Electricity  by  35  students,  33  of  whom  sat 
for  examination  and  30  passed;  and  during  the  Epiphany  Term, 
the  lectures  on  Electrical  Engineering  were  attended  by  33 
students,  and  on  Haulage  and  Winding  by  33  students,  33  of 
whom  sat  for  examination  and  20  passed.  Certificates  have  been 
awarded  to  the  following  students,  who  have  completed  the  three 
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years'  course:  Messrs.  S.  H.  Abbott,  J.  Addison,  J.  B.  Aisbitt, 
J.  H.  Longstatt.  J.  A.  Metcalfe,  and  W.  H.  Robson.  The  first 
and  second  prizes  for  the  session  1913-1914  have  been  awarded  to 
Messrs.  J.  E.  Lambert  and  J.  Patterson  respectively. 

Mr.  Thomas  Douglas  continues  to  represent  the  Institute  as 
a  Governor  of  Armstrong  College,  and  Mr.  John  H.  Merivale,  in 
conjunction  with  the  President  (Mr.  W.  C.  Blackett),  represents 
the  Institute  on  the  Council  of  the  College. 

Mr.  Thomas  Edgar  Jobling  continues  to  represent  the  Insti- 
tute upon  the  Board  of  Directors  of  the  Institute  and  Coal-trade 
Chambers  Company,  Limited. 

The  President  continues  a  Representative  Governor  upon  the 
Court  of  Governors  of  the  University  of  Durham  College  of 
Medicine  during  his  term  of  office. 

The  Sixth  International  Congress  of  Mining.  Metallurgy, 
Applied  Mechanics,  and  Practical  Geology  will  be  held  in  Eng- 
land in  the  year  1915,  and  Prof.  Henry  Louis  represents  the 
Institute  upon  the  Executive  Committee.  A  Guarantee  Fund  has 
been  established  and  has  received  the  financial  support  of  the 
Institute,  and  also  of  a  number  of  prominent  gentlemen  and  com- 
panies connected  with  the  coal-trade  of  the  Xorth  of  England. 

Under  the  will  of  the  late  Mr.  John  Daglish,  funds  have  been 
placed  at  the  disposal  of  Armstrong  College  for  founding  a 
Travelling  Fellowship,  to  be  called  the  "Daglish"  Fellowship, 
candidates  for  which  must  be  nominated  by  the  Institute.  The 
Fellowship  was  awarded  to  Mr.  Samuel  Dean  in  January,  1914, 
and  suitable  arrangements  have  been  made  for  him  to  gain 
knowledge  and  experience  abroad. 

A  G.  C.  Greenwell  bronze  medal  has  been  awarded  to  Dr.  T. 
Lister  Llewellyn  for  his  paper  upon  "  Illumination  at  the  Coal- 
face, with  Special  Reference  to  the  Incidence  of  Miners' 
Nystagmus." 

Prizes  have  been  awarded  to  the  writers  of  the  following 
papers,  communicated  to  the  members  during  the  year  1913- 
1914:  — 

Notes  on  Coal-mining  in  the  United  States  of  America,  with  Special 
Eeference  to  the  Treatment  of  Coal-dust,  and  Haulage  by  Electric 
Locomotives."  By  Mr.  Samuel  Dean,  M.I.M.E. 
"The  Utilization  of  Exhaust-steam  for  Collieries,  Ironworks,  etc.,  and 
the  Cost  of  Electric  Current  Generated."  By  Mr.  William  Charles 
Mountain,  M.I.M.E. 
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The  papers  printed  in  the  Transactions  during  the  year  are  as 
follows  :  — 

"  Notes  on   Coal-mining  in  the  United  States  of  America,  with  Special 

Reference  to  the  Treatment  of  Coal-clnst,  and  Haulage  by  Electric 

Locomotives."    By  Mr.  Samuel  Dean,  M.I.M.E. 
"  Notes  on  a  New  Process  for  the  Washing  of  Coal  at  the  St.   Nicholas 

Pit    of    the    Societe    des    Charbonnages    de    l'Esperance    et    Bonne 

Fortune,    near    Liege,     Belgium."        By    Mr.     Leo    Dorey     Ford, 

Assoc.I.M.E. 
"  Notes   on   the   Working   of   the   St.    Nicholas   Pit   of   the   Societe   des 

Charbonnages    de    l'Esperanee    et    Bonne    Fortune,     near    Liege, 

Belgium,  with  Special  Reference  to  the  Hydraulic  Packing  of  the 

Goaf."     By  Mr.  Leo  Dorey  Ford,  Assoc.I.M.E. 
"  A   Westphalian   Bye-product   Coking-plant   which   also   Supplies   Town- 
gas."     By  Mr.  Leo  Dorey  Ford,  Assoc.I.M.E. 
"  The  Automatic  Distribution  of  Stone-dust  by  the  Air-current."     By  Mr. 

Henry  Wallace  Gregory  Halbaum,  M.I.M.E. 
"  Notes  on  Gob-fires  and  Blackdamp,  etc."   By  Mr.  John  Morris,  M.I.M.E. 
"  The  Utilization  of  Exhaust-steam  for  Collieries,   Ironworks,   etc.,  and 

the  Cost  of  Electric  Current  Generated."     By  Mr.  William  Charles 

Mountain,  M.I.M.E. 
"  The    Comparative    Inflammability    of    Mixtures    of    Pit-gas    and    Air, 

Ignited  by  Momentary  Electric  Arcs."     By  Prof.  William  Muudell 

Thornton,  Hon.  M.I.M.E. 

An  excursion  meeting  wavS  held  at  the  Nenthead  Lead-mines 
and  Works  of  the  Vieille  Montagne  Zinc  Company  on  August 
8th,  1913,  and  the  thanks  of  the  Institute  have  been  communi- 
cated to  the  company.  The  Council  have  arranged  an  excursion 
lo  the  Home  Office  Experimental  Station  at  Eskmeals  on  August 
29th,  1014. 

The  following  gentlemen  have,  during  the  year,  presented 
one  or  more  lamps  towards  the  collection  which  the  Council  are 
forming  to  replace  that  destroyed  by  fire  at  the  Brussels  Exhibi- 
tion : — Messrs.  E.  F.  Ayton,  Erank  Coulson,  T.  C.  Eenwick,  W. 
B.  Wilson,  Jun.,  and  E.  H.  Wynne. 

The  rooms  of  the  Institute  have  been  used,  during  the  year,  by 
the  Newcastle-upon-Tyne  Association  of  Students  of  the  Institu- 
tion of  Civil  Engineers ;  the  Newcastle-upon-Tyne  Economic 
Society;  the  Institute  of  Bankers;  the  North-East  Coast  Institu- 
tion of  Engineers  and  Shipbuilders ;  the  North-East  Coast  Asso- 
ciation of  Chartered  Secretaries;  the  Charity  Organization 
Society  ;  and  the  Northern  Under-managers  and  Colliery  Officials 
Mutual  Aid  Association. 

The  Institution  of  Mining  Engineers  has  now  completed  its 
twenty-fifth   year,   and  celebrated  the  occasion  by  providing  a 


6  ANNUAL  REPORT  OF  THE   FINANCE  COMMITTEE. 

Capital  Fund  of  £15,000,  of  which  £6,220  has  been  raised  by 
this  Institute.  The  money  has  been  placed  in  the  hands  of 
trustees,  and  invested  at  a  rate  producing  a  gross  income  of 
about  £600  per  annum.  The  contribution  of  2s.  per  member 
from  each  of  the  Federated  Institutes  to  the  funds  of  The 
Institution  of  Mining  Engineers  will  not  be  required  in  the 
future.  Steps  are  being  taken  to  obtain  a  Royal  Charter  of 
Incorporation  for  The  Institution  of  Mining  Engineers. 


The  Chairman  (Mr.  J.  G.  Weeks)  moved  the  adoption  of  the 
Report. 

Mr.    T.    Y.    Greener   seconded   the   resolution,    which   was 
adopted. 


The  Annual  Report  of  the  Finance  Committee  was  read,  as 
follows  :  — 

ANNUAL  REPORT  OF  THE  FINANCE  COMMITTEE, 

1913-1914. 

The  Finance  Committee  submit  herewith  a  statement  of 
accounts  for  the  twelve  months  ended  June  30th,  1914,  duly 
audited. 

The  total  receipts  were  £2,824  19s.  3d.  Of  this  amount,  £38 
was  paid  for  life-compositions  in  lieu  of  annual  subscriptions,  and 
£36  19s.  as  subscriptions  in  advance,  leaving  £2,749  17s.  9d.  as 
the  ordinary  income  of  the  year,  as  compared  with  £2,877  5s.  3d. 
in  the  previous  year.  The  amount  received  for  ordinary  current 
year  subscriptions  was  £2,104  12s.,  and  arrears  £249  13s.,  as 
against  £2,133  2s.  and  £338  18s.  respectively  in  the  year 
1912-1913.  Transactions  sold  realized  £31  13s.  5d.,  as  compared 
with  £43  7s.  3d. ;  and  the  sum  received  for  interest  on  invest- 
ments was  £398  Is.  10d.,  as  compared  with  £390  15s.  for  the 
previous  year. 

The  expenditure  was  £2,752  9s.  5d.,  that  for  the  previous 
year  having  been  £2,706  8s.  6d.  Increases  are  shown  in  fur- 
niture and  repairs  (owing  to  the  renewal  of  the  flooring  in  the 
Lecture  Theatre);  in  postages  and  telephone,  and  in  heating, 
Lighting,  and  water.  There  is  also  the  sum  of  £155  15s.  3d.  paid 
to  the  Capital  Fund  of  The  Institution  of  Mining  Engineers  to 
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make  up  the  amount  guaranteed  by  this  Institute,  but  the 
greater  amount  of  this  has  already  been  recovered.  Decreases 
are  shown  in  the  contributions  to  The  Institution  of  Mining 
Engineers,  and  in  printing  and  stationery. 

The  balance  of  income  over  expenditure  was  £72  9s.  10d., 
and  adding  to  this  the  amount  of  £601  15s.  8d.  brought  forward 
from  the  previous  year,  leaves  a  credit  balance  of  £674  5s.  6d. 

The  names  of  33  persons  have  been  struck  off  the  member- 
ship list  in  consequence  of  non-payment  of  subscriptions.  The 
amount  of  subscriptions  written  off  was  £187  2s.,  of  which 
£96  18s.  was  for  sums  due  for  the  year  1913-1914,  and  £90  4s. 
for  arrears. 

It  is  probable  that  a  considerable  proportion  of  this  amount 

will  be  recovered  and  credited  in  future  years.     Of  the  amount 

previously  written  off,   £47  5s.  was  recovered  during  the  past 

year. 

J.  G.  WEEKS,  Past-President. 
August  1st,  1914. 


The  Chairman  (Mr.  J.  G.  "Weeks)  moved  the  adoption  of  the 
Report. 

Mr.    T.    Y.    Greener   seconded   the   resolution,    which    was 
adopted. 


ELECTION  OF  REPRESENTATIVES  ON  THE  COUNCIL 
OF  THE  INSTITUTION  OF  MINING  ENGINEERS, 
1914-1915. 

The  Chairman  (Mr.  J.  G.  Weeks)  moved,  and  Mr.   T.  Y. 

Greener  seconded,  a  resolution  that  the  following  gentlemen  be 

elected  as  the  representatives  of  the  Institute  on  the  Council  of 

The  Institution  of  Mining  Engineers  for  the  year  1914-1915  :  — 

His  Grace  the  Duke  of 

Northumberland,  K.G. 
Mr.  R.  S.  Anderson. 
Mr.  W.  C.  Blackett. 
Mr.  W.  Cochran  Carr. 
Mr.  Benjamin  Dodd. 
Mr.  J.  W.  Fryar. 
Mr.  T.  Y.  Greener. 
Mr.  Reginald  Guthrie. 


Mr.  Samuel  Hare. 
Mr.  A.  M.  Hedley. 
Mr.  T.  E.  Jobling. 
Mr.  J.  P.  Kirkup. 
Mr.  Philip  Kirkup. 
Mr.  C.  C.  Leach. 
Prof.  Henry  Louis. 
Mr.  J.  H.  Merivale. 
Mr.  W.  C.  Mountain. 


Mr.  R.  E.  Ornsby. 
Mr.  Walter  Rowley. 
Mr.  F.  R.  Simpson. 
Mr.  John  Simpson. 
Mr.  Simon  Tate. 
Mr.  J.  G.  Weeks. 
Mr.  W.  B.  Wilson. 
Mr.  E.  Seymour  Wood. 


The  resolution  was  agreed  to. 


ACCOUNTS. 


I)K. 


The  Treasurer  in  Account  with  The  North  of  Knolano 

tor  the  Year  ended 


£      s.    d. 

507     1  10 
94  13  10 


310  10     0 


49     0     0 


17     0     0 


June  30th.  1913. 

To  Balance  of  account  at  bankers 

tl  ..        in  Treasurer's  hands 

June  30th.   191  I, 
To  Dividend  of  7^  per  cent,  on  207  shares  of  £20  each  in 

the    Institute    and  Coal-trade  Chambers  Company, 

Limited,  for  the  year  ending  June  30th,  1914 
,,    Interest  on  mortgage  of  £1,400  with  the  Institute  and 

Coal-trade  Chambers  Company,  Limited 
„    Dividend  on  £340  consolidated  5-per-cent.  preference 

stock    of    the    Newcastle    and    Gateshead     Water 

Company 
,,    Dividend  on  £450  ordinary  stock  of  the  Newcastle  and 

Gateshead  Gas  Company 
„  Bank  interest  on  deposit  account 

To  Sales  of  Transactions 

To  Subscriptions  for  1913-1914,  as  follows  : 

712  Members     ...  

79  Associate  members 
169  Associates  ... 

28  Students 

25  New  members 

5  New  associate  members   ... 
10  New  associates 
5  New  students 
3  New  subscribing  firms     ... 

33  Subscribing  firms  ... 

2,104  12     0 
Less,  Subscriptions  for  current  year  paid  in  advance 

at  the  end  of  last  year  ...  ...  ...         34     0     0 

2  New  members,  paid  life-compositions    ... 

A dd.  Arrears  received     ... 

2.358     5     0 
Add,  Subscriptions   paid  in   advance   during   current 

year         36  19     0 


601   15     8 


20 

5 

0 

1 

6 

10 

3P8     1   10 
31   13     5 

@  £2  2s. 

1,495 

4 

0 

@  £2  2s. 

165 

18 

0 

@  £1  5s. 

211 

5 

0 

@  £1  5s. 

35 

0 

0 

@  £2  2s. 

52 

10 

0 

@  £2  2s. 

10 

10 

0 

@  £1  5s. 

12 

10 

0 

<S>  £1  5s. 

6 

5 

0 

@  £2  2s. 

6 

6 

0 

1,995 

8 

0 

109 

4 

0 

2,070  12 

0 

38     0 

0 

2,108  12 

0 

249  13 

0 

2.395     4     0- 


£3,426  14  11 


ACCOUNTS. 

Institutb  of  Mining  and  Mechanical  Engineers 
June  30th.  19U. 


Ch. 


June  30th,  1914. 
By  Salaries  and  wages 
,,  Insurance 
..  Rent,  rates,  and  taxes 
.,   Heating,  lighting,  etc. 
,.   Furniture  and  repairs 
.,  Bankers'  charges    ... 
.,   Library 

,.  Printing,  stationery,  etc.  ... 
..  Postages,  telephones,  etc.  ... 
,,   Incidental  expenses 
..  Travelling  expenses 
.,   Prizes  for  papers    ... 
.,    Reporting  general  meetings 
.,  Library  catalogue  ... 
..  Expenses  of  meetings 


By  The  Institution  of  Mining  Engineers  : 
Calls,  etc.     ... 

Less,   Amounts   paid   by    authors   for 
excerpts    ... 


£ 
1,385 


2     3 


'y  Balance  of  account  at  bankers  :  deposit  account 
.,  ,,  current  account 

.,         in  Treasurer's  hands 


£   s. 

d. 

524  11 

9 

15  4 

7 

37  3 

11 

11  6 

1 

110  5 

4 

21  0 

0 

16  19 

7 

201  2 

7 

89  14 

2 

76  3 

6 

38  19 

4 

7  7 

0 

8  8 

0 

15  17 

6 

fi  12  10 

Capital   Fund  :   Total  amount  guaranteed    6,220     0     0 
Less,    Amounts    received    and   bank 

interest 6,064     4     9 


s.    d. 


1,213  16     2 


1.382  18     0 


155  15     3 


250     0     0 

345     8     9 

78  16     9 


1,538  13     3 


2.752     9     5 


671 


£3,426  14  11 
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Dk.  The  Tbeascbee  of  The  North  of  England  Institute  of  Mining 


£       s.    d.       £       s.    d.       £       s.    d. 


To  874  Members. 

51  of  whom  have  paid  life-compositions. 

823 

1  not  included  in  printed  list. 

824  @  £2  2s. 

To  100  Associate  members, 

10  of  whom  have  paid  life-compositions. 

90 
1  not  included  in  printed  list. 

91  @  £2  2s. 

To  205  Associates, 

1  of  whom  has  paid  a  life-composition. 

204 

1  not  included  in  printed  list. 

205 

2  paid  as  members. 

203  @  £1  5s. 

To     38  Students. 

1  not  included  in  printed  list. 

39  @  £1  5s. 

To     33  Subscribing  firms 

To     25  New  members  @  £2  2s. 

2  ,,  ,,  paid  life-compositions   ... 

To       5  New  associate  members  @  £2  2s. 

To  10  New  associates  @  £1  5s. 

To       5  New  students  @  £1  5s. 

To       3  New  subscribing  firms  @£2  2s. 


To  Arrears,  as  per  balance-sheet,  1912-1913  ... 

Add,  Arrears  considered  irrecoverable,  but  since  paid 

To  Subscriptions  paid  in  advance  during  the  current  year 


1,730     8     0 


191     2     0 


253  15     0 


48  15  0 

109     4  0 

52  10  0 

38     0  0 

10  10  0 

12  10  0 

6     5  0 

6     6  0 

304  11  0 

47     5  0 


2,333     4     0 


126     1     0 


351  16     0 
36  19     0 


£2,848     0     0 


STRUCK  OFF 

UNPAID. 

LIST. 

£    8.  d. 

£   s.  d. 

163  16  0 

12  12  0 

2  2  0 

8  8  0 

48  6  0 

ACCOUNTS.  11 

and  Mechanical  Engineers  in  Account  with  Subsceiptions,  1913-1914.       Cb. 


paid. 
£      s.  d. 

By  712  Members,  paid @  £2  2s.  1,495     4     0 

78         „  unpaid  ...  @  £2  2s 

6  „  resigned        ...  @  £2  2s 

1         ,,  excused  payment  @  £2  2s.  

4         „  dead @  £2  2s 

23  „  struck  off  list  @  £2  2s 

824 

By    79  Associate  members,  paid  @  £2  2s.      165  18     0  

7  „  „         unpaid  @  £2  2s 14  14     0  

1  „  „        dead  (g  £2  2s 2     2     0 

4         „  „     struck  off  list  @  £2  2s 8     8     0 

91 

By  169  Associates,  paid @  £1  5s.       211     5     0  

24  „  unpaid  ...  @  £1  5s 30     0     0  

2  „  resigned        ...  @,  £1  5s 2  10     0 

8  „  struck  off  list  @  £1  5s 10     0     0 

203 

By    28  Students,  paid     @  £1  5s.         35     0     0  

9  „  unpaid  ...  @  £1  5s 11     5     0  

1         „  resigned        ...  @  £1  5s.  15     0 

1  „  struck  off  list  @  £1  5s 15     0 

39 

By    33  Subscribing  firms,  paid  ...  ...       109     4     0  


By    25  New  members,  paid       ...         @  £2  2s.         52  10  0  

2       ,,  ,,         paid  life-compositions  38     0  0  

27 

By      5  New  associate  members,  paid    @  £2  2s.         10  10  0  

By    10  New  associates,  paid     ...  @  £1  5s.         12  10  0  

By      5  New  students,  paid        ...  @  £1  5s.  6     5  0  

By       3  New  subscribing  firms,  paid     @  £2  2s.  6     6  0  

2,142  12  0  219  15  0         96  18     0 

By  Arrears            249  13  0  11  19  0         90     4     0 

2,392     5  0 
By  Subscriptions   paid  in  advance  during   the 

eurrent  year      ...         ...         ...         ...         36  19  0           ...... 

2,429     4  0  231  14  0       187     2     0 

£2.848     0  0 
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The  following  gentlemen  were  elected,  having  been  previously 
nominated  :  — 

Honorary  Members — 
Dr.  Aubrey  Strahan,  Director  of  the  Geological  Survey  of  Great  Britain, 

Jermyn  Street,  Loudon,  S.W. 
Dr.    Jethro   Justinian    Harris    Teall,    174,    Rosendale   Road,    Dulwich, 
London,  S.E. 

Members — 

Mr.  Robert  William  Cochrane,  Mining  Engineer,  Somerset  House,  White- 
haven. 

Mr.  Wilfrid  Cooksey,  Colliery  Manager,  East  Indian  Railway  Collieries, 
Giridih,  E.  I.  R.,  Bihar  and  Orissa,  India. 

Mr.  John  Evans,  Mine  Manager,  Great  Cohar,  Limited,  Lithgow,  New 
South  Wales,  Australia. 

Mr.  George  James  Brooke  Le  Mesurier,  Colliery  Manager,  Ballarpur, 
Chanda  District,  C.  P.,  India. 

Mr.  James  Watts,  Mine  Agent,  Penhenver,  Perranwell  Station,  Cornwall. 

Associate — 
Mr.  George  Mason  Hindmarsh,  Mining  Engineer,  Railway  Street,  Corri- 
mal,  New  South  Wales,  Australia. 

Students — 
Mr.  Geoffrey  Elliot  Blackett,  Mining  Student,  Acorn  Close,  Sacriston, 

Durham. 
Mr.  John  Fenwick  Gibson,  Surveyor,  Bentinck  House,  Ashingtou,  North- 
umberland. 

Subscribers — 
Messrs.   Wasteneys  Smith  &  Sons,  57  to  60,   Sandhill,   Newcastle-upon- 
Tyne. 


DISCUSSION  OF  MR.  LEO  DOREY  FORD'S  "  NOTES  ON  A 
NEW  PROCESS  FOR  THE  WASHING  OF  COAL  AT 
THE  ST.  NICHOLAS  PIT  OF  THE  SOCIETE  DES 
CHARBONNAGES  DE  L'ESPERANCE  ET  BONNE 
FORTUNE,    NEAR  LIEGE,  BELGIUM."* 

Mr.  L.  D.  Ford  (Giridih,  India)  wrote,  in  reply  to  Mr.  John 
Elcoate,  that  he  regretted  that,  owing  to  lack  of  time,  he  was 
unable  to  make  actual  measurements  of  the  velocities  of  water 
flowing  in  the  troughs;  but  he  did  not  think  that  the  velocities 
need  be,  or  were,  any  greater  than  those  usual  in  jig-washers. 
This  was  due  to  the  fact  that  the  inclination  of  the  troughs  was 
very  slight,  each  trough  being  arranged  at  such  an  angle  as  to 
prevent  the  stream  from  overflowing.  Furthermore,  the  speed 
of  the  current  was  continually  being  checked  along  its  course  by 

*  Trans.  Inst.  M.  E.,  1913,  vol.  xlvi.,  page  423  ;  and  1914,  vol.  xlvii.,  pages 
142  and  392. 
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the  upward  flow  of  water  from  the  Rheolaveurs,  these  upward 
streams  causing  in  effect  a  series  of  bridges  over  which  the  main 
current  had  to  mount. 

He  had  omitted  to  mention  in  his  paper  that  at  the  St. 
Nioholas  washery  wherever  the  velocity  of  the  main  current  had 
a  tendency  to  become  too  great,  small  check-pieces  of  flat  iron 
were  placed  on  edge  across  the  trough  at  various  points,  so  as 
further  to  check  the  velocity.  These  check-pieces,  however,  were 
only  necessary  for  the  troughs  which  conveyed  fines,  and  in  a  new 
and  more  perfect  installation  the  writer  thought  that  they  would 
be  found  unnecessary. 

A  proper  regulation  of  the  main  current  and  the  upward  cur- 
rents had  proved  to  give  to  the  Rheolaveur  system  of  washing 
a  working  margin  greater  than  any  possible  with  jigs  for  a  coal 
that  varied  hourly  in  its  dirt  content. 

Mr.  Elcoate  had  stated  that  "  the  speed  of  the  water  rising 
through  these  inlets  was  evidently  intended  to  be  regulated  to 
such  a  degree  that  the  coal  just  passed  clear  over  the  inlet, 
whereas  the  dirt  owing  to  its  greater  weight  fell  through  and 
collected  below."  This  was  not  correct,  for,  with  the  exception 
of  the  first  two  or  three  RJieolaveurs,  which  abstracted  the  bulk 
of  the  heaviest  dirt,  some  coal  was  allowed  to  fall  with  the  dirt 
on  to  the  lower  trough  in  the  intermediate  Rheolaveurs,  in  order 
to  reduce  the  speed  of  all  the  currents  to  a  minimum,  and  to 
equalize  the  separation  throughout  the  whole  system.  In  other 
words,  the  Rheolaveur  system  did  not  (and  never  did)  aim  at  an 
absolute  instantaneous  separation  of  dirt  from  coal,  but  to  effect 
this  by  a  gradual  and  even  separation.  It  was  this  even  and 
gradual  separation  that  enabled  the  Rheolaveurs  to  overcome  the 
difficulties  due  to  the  varied  sizes  and  shapes  of  the  mineral  par- 
ticles, and  gave  to  the  system  perfect  facilities,  in  the  hands 
of  an  experienced  attendant,  for  fine  regulation,  and  thus  a  large 
working  margin. 

.M  i .  Elcoate  had  also  asked  "  why  should  the  power  for  driving 
the  pumps  in  connexion  with  the  Rheolaveurs  be  greater,  as 
mentioned,  if  the  water-consumption  was  less?"  He  (Mr.  Ford) 
admitted  the  existence  of  a  certain  ambiguity  in  his  paper,  but 
could  easily  explain  this  point.  In  his  paper  he  had  stated  that 
"  in  comparison  with  jigs,  the  water-consumption  with  Rheola- 
veurs shows  a  considerable  decrease  for  all  sizes  of  coal  up  to, 
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approximately.  H  inches  (40  millimetres),  but  from  1|  inches  to 
2 J  inches  (40  to  60  millimetres),  the  water-consumption  shows  a 
considerable  increase."  The  extra  power  mentioned  referred  only 
to  that  portion  of  the  washery  which  dealt  with  the  larger  coal, 
namely,  from  li  to  2fj  inches.  In  point  of  fact,  the  same  pump 
as  that  which  supplied  the  jigs  now  supplied  the  present  instal- 
lation, yet  the  output  of  the  washery  had  been  increased  by 
15  per  cent.,  and  the  conditions  were  undoubtedly  more  severe 
from  the  point  of  view  of  the  cleanliness  of  the  coal  that  was 
under  treatment.  With  regard  to  loss  of  water,  the  only  loss 
was  the  water  carried  off  by  the  washed  products. 

Mr.  Elcoate  had  further  remarked  that  "  the  regulation  of 
the  Rheolaveurs  was  stated  to  be  easy,  especially  with  coal  of 
varying  nature,  and  tests  were  easily  taken  at  the  various  valves. 
Mr.  Ford  did  not  say  how  these  tests  were  made,  whether  on  a 
scientific  basis  or  by  appearance  only."  The  writer  had  been 
careful  to  give  at  the  end  of  his  notes  a  detailed  description  of 
an  apparatus  called  the  Control  avoir,  which  enabled  speedy  and 
certain  checking  and  analysis  in  the  laboratory  of  the  products 
from  the  various  parts  of  the  washery. 

Again,  Mr.  Elcoate  had  stated  that  "it  was  only  after 
exhaustive  experiments  combined  with  laboratory  tests  that  a 
modern  jig-washer  was  set  for  its  particular  work,  and  the  margin 
in  the  thickness  of  the  washing  bed  was  the  only  guarantee  for 
continually  good  results.  This  margin  did  not  exist  with  the 
Rheolaveur,  and  it  was  difficult  to  believe  that  results  without 
this  margin  would  be  as  steady  as  those  of  jig-washers."  It  was, 
however,  this  very  fault  in  the  jigs,  namely,  that  they  only 
worked  satisfactorily  when  conditions  were  steady  (that  was, 
lack  of  margin),  that  was  one  of  the  chief  factors  in  inducing 
Messrs.  Habets  and  France  to  persevere  with  the  evolution  of  the 
Rheolaveur.  They  had  found  it  to  be  well  nigh  impossible  to 
regulate  the  jigs  accurately  enough  to  deal  economically  with 
the  very  varying  coal.  The  fact  that  the  Rheolaveurs  had  at  St. 
Nicholas  and  at  Pont  a  Vendin  given  better  results  than  the  jigs 
seemed  to  the  writer  to  indicate  a  distinct  possibility  of  the 
superior  usefulness  of  the  Rheolaveurs  in  cases  where  the  nature 
of  the  coal  varied.  Of  course,  in  cases  where  the  coal  was  of  a 
constant  nature  the  modern  jig  was  well  known  as  a  most  satis- 
factory machine,  and  gave  the  best  of  results.     But  even  this  did 
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not  do  away  with  the  huge  cost  of  installation  and  the  amount  of 
space  taken  up  by  the  plant,  nor  for  that  matter  with  the  greater 
running  costs  of  the  jigs. 

With  regard  to  the  analyses  of  washed  products,  it  was,  of 
course,  obvious  that  such  results  would  convey  little  or  no  mean- 
ing to  the  engineer  when  comparing,  say,  coal  from  Belgium  with 
coal  from  Durham,  for  the  coal  was  of  a  totally  different  nature. 
Everyone  must  admit,  however,  that  analyses  taken  from  the 
same  coal,  but  washed  by  separate  systems  of  washing,  must 
give  comparisons  of  value.  This  had  been  the  case  at  St.  Nicholas, 
and  if  it  were  borne  in  mind  that  the  unwashed  coal  treated  by  the 
Rheolaveurs  had  been  distinctly  more  variable  in  quality,  and 
had  contained  considerably  more  dirt  than  when  washed  by  the 
jigs,  the  very  marked  improvement  in  results,  both  of  washing 
and  of  output,  would  seem  to  point  to  an  unbiassed  mind  to  the 
distinct  superiority  of  the  Rheolaveur  in  this  particular  case,  and 
if  in  one  case,  why  not  in  all? 

In  conclusion,  the  writer  wished  to  state  that  his  only  object 
in  giving  an  account  of  the  Rheolaveurs  was  in  order  to  bring  for- 
ward a  new  system  that  appeared  to  him  to  have  definite  possi- 
bilities in  the  way  of  simplifying  the  ofttimes  difficult  operation 
of  coal-washing.  However,  new  inventions  were  not  always  liked, 
and  were  often  treated  very  sceptically,  especially  by  those  inter- 
ested in  other  concerns.  He  would  therefore  suggest  to  anyone 
sufficiently  interested  in  the  question  (and  from  letters  received 
he  had  reason  to  think  that  considerable  interest  had  been 
awakened)  that  an  actual  inspection  of  the  Rheolaveurs  at  work 
would  be  far  more  likely  to  prove  convincing  than  anything 
that  he  could  put  forward. 


DISCUSSION  OF  MR.  LEO  DOREY  FORD'S  "NOTES  ON 
THE  WORKING  OF  THE  ST.  NICHOLAS  PIT  OF  THE 
SOCIETE  DES  CHARBONNAGES  DE  L'ESPERANCE 
ET  BONNE  FORTUNE,  NEAR  LIEGE,  BELGIUM, 
WITH  SPECIAL  REFERENCE  TO  THE  HYDRAULIC 
PACKING  OF  THE  GOAF."* 

Mr.  L.  D.  Ford  (Giridih,  India),  replying  to  the  discussion, 
wrote  that,  with  regard  to  Mr.  J.  H.  Merivale  and  Mr.  Frank 

*  Tram.  Inst.  M.  E.,  1913,  vol.  xlvi.,  page  439;  and  1914,  vol.  xlvii.,  page 
145. 
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Coulson's  remarks  on  the  coursing  of  the  air  in  the  coal-mines  of 
Belgium,  both  from  personal  experience  in  the  Liege  and 
Charleroi  coalfields,  and  also  from  enquiry,  he  had  found  that 
the  air  was  never  coursed  downwards  except  in  such  cases  as 
descending  drivages,  or  when  no  other  way  was  possible.  In 
every  case,  however,  special  sanction  from  the  Inspector  of  Mines 
had  to  be  obtained,  and  such  sanction  was  only  granted  tempor- 
arily. In  Belgium,  owing  to  the  lie  of  the  seams  and  the  methods 
of  working,  this  coursing  of  the  air  continually  upwards 
presented  no  insuperable  difficulties. 


DISCUSSION  OF  MR.  LEO  DOBEY  FORTfS  PAPER  ON 
"  A  WESTPHALIAN  BYE-PRODUCT  COKING-PLANT, 
WHICH  ALSO  SUPPLIES  TOWN-GAS."* 

Mr.  L.  1).  Ford  (Giridih,  India),  replying  to  the  discussion, 
wrote  that  he  had  no  special  intention  of  praising  the  Otto 
"  direct  "  process  at  the  expense  of  any  other  process.  As  Mr. 
Cooper  had,  however,  somewhat  unfairly  criticized  it,  he  felt  that 
it  was  only  right  to  say  a  few  words  in  support  of  the  statements 
made  in  his  paper. 

His  remarks  on  the  comparative  perfection  of  the  Otto  direct 
process  did  not  refer  especially  to  the  plant  described  (which, 
though  modern,  was  not  by  any  means  the  latest  or  most  perfect 
Otto  production),  but  rather  to  those  which  had  been  erected 
in  1912  and  1913.  The  plant  described  was  one  of  the  earliest 
direct  Otto  plants,  and  as  such  it  was  only  natural  to  suppose 
that  defects  would  be  found  in  it,  and,  in  writing,  these  defects 
were  mentioned  merely  as  points  of  historical  interest,  for  they 
had  long  since  been  rectified. 

Mr.  Cooper  seemed  as  if  he  were  trying  to  show  that,  because 
the  Otto  process  incorporated  some  of  the  ideas  of  the  Kopper 
system,  the  Koppers  process  must  be  the  best.  As  Koppers, 
however,  appeared  to  have  first  got  his  ideas  from  Brunck  (and  it 
was  admitted  that  Brunch's  process  was  a  failure),  this  argument 
did  not  hold  good.  The  natural  inference  would  be  that  as  the 
Koppers  process  was  an  improvement  on  Brunch's,  the  Otto 
process  was  an  improvement  on  Koppers'. 

*  Trans.  Inst.  M.  E.,  191  i,  vol.  xlvii.,  page  207. 

2    E 

VOL.  LXV.— 1914-1915. 


18      DISCUSSION — A  WESTPHALIAN  BYE-PRODUCT  COKING-PLANT. 

All  these  questions  were  to  disinterested  engineers,  for  whom 
the  paper  was  intended,  rather  beside  the  point,  and  he  (Mr. 
Ford)  thought  that  the  way  to  compare  the  merits  and  claims 
of  the  various  processes  was  to  put  them  to  the  test  by  stating 
results,  and  to  look  round  and  see  which  process  was  most 
favoured  by  modern  colliery  engineers.  If  this  were  done,  the 
Otto  direct  process  itself  would  prove  to  be  its  best  advocate. 

With  regard  to  the  question  of  ammonium  chloride,  there 
were  in  point  of  fact  several  Otto  plants,  of  the  direct  type, 
working  near  Dortmund  (Westphalia),  which  experienced  no 
difficulties  at  all  on  this  score.  These  plants  were  working 
independently  of  lime-stills  ;  but,  in  any  case,  an  Otto  direct  plant 
of  average  size  would  require  only  one  lime-still  at  most,  and  this 
would  probably  have  only  to  work  part  of  the  24  hours.  In  the 
plant  described  the  lime-still  was  idle  for  at  least  12  out  of  the 
24  hours.  Further,  as  the  greater  percentage  of  the  ammonium 
chloride  was  condensed  in  the  gas-mains,  or  with  the  tar  in  the 
tar-extractor,  before  passing  into  the  saturator,  the  liberation  of 
hydrochloric  acid  by  the  decomposition  of  ammonium  chloride 
was  not  sufficient  in  quantity  to  do  the  slightest  harm  to  the 
saturator-lining.  Again,  the  mother  liquor  of  the  saturator-bath 
was  not  now  heated  external^,  as  the  heating  of  the  gases  after 
they  had  passed  through  the  tar-sprays  before  entry  into  the 
saturator.  together  with  the  exothermic  reaction  in  the  bath, 
provided  ample  heat  for  ensuring  perfect  action. 

With  regard  to  the  naphthalene,  this,  in  the  writer's  experi- 
ence of  the  plant  described  and  of  other  more  modern  plants,  gave 
no  trouble,  for  there  was  sufficient  light  oil  in  the  gas  after 
leaving  the  saturator  (the  heaviest  of  this  oil  was  condensed  in 
the  tubular  coolers)  to  dissolve  all  the  condensed  naphthalene  and 
thus  to  keep  the  coolers  quite  clean. 

Mr.  Cooper  had  quoted  an  extract  from  a  paper  by  Dr.  A. 
Fiirth,  in  the  Journal  of  Gas  Lighting,  Water  Supply,  etc.,  in 
which  Dr.  Fiirth  remarked  that  "  he  had  learnt  of  one  case  where 
an  ()tlo  plant  was  working  on  ovens,  carbonizing  Westphalian 
coal,  iii  which  the  condensers  had  to  be  steamed  out  nearly  every 
day."  This  remark  the  writer  felt  sure  did  not  refer  (whatever 
Dr.  Fiirth  may  have  imagined)  to  a  direct  type  of  Otto  plant, 
although  he  (Mr.  Ford)  had  himself  seen  something  approaching 
this  state  of  affairs  with  Otto  plants  of  the  "  indirect  "  type.  This 
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was  due  to  the  fact  that  the  oils  previously  mentioned,  which  in 

the  direct  type  of  plants  served  to  dissolve  the  naphthalene,  were, 

in  the  indirect  plants,  deposited  with  the  tar,  thus  leaving  in  the 

gases  no  solvent  for  the  naphthalene  which  was  deposited  in  the 

last  coolers  and  in  the  ammonia-scrubbers.     The  writer  thought, 

therefore,  that  Dr.  Furth's  remark  was  due  to  a  miscarriage  of 

justice,  owing  to  a  case  of  mistaken  identity. 

With  regard  to  Mr.  Benjamin  Dodd's  request  for  costs,  etc., 

the  coal  quoted  was  washed  coal.     The  price  appeared  very  high, 

but  the  writer  had  no  means  of  verifying  this,  as  all  the  figures 

cited  by  him  had  been  supplied  by  the  management.     The  costs 

of  coke  and  tar  were,  owing  to  a  clerical  error,  wrongly  stated, 

and  should  have  been  as  follows:  — 

Cost  of  making  coke  per  ton,  including  coat  of  coke-yard,  wages,  and 

materials,  Is.  4d. 
Cost  per  ton  of  raw  tar,  Is.  9d. 

Tli*'  writer  regretted  that  he  was  unable  to  give  any  reliable 
figures  as  to  the  temperatures  and  suctions  at  which  the  gases 
were  drawn  off  the  ovens;  nor  could  he  state  the  effect  on  the 
yield  of  bye-products  in  the  working-gas :  for,  although  the 
lighting  and  working  gases  were  treated  separately  throughout, 
the  common  products  (such  as  tar  and  ammonium  sulphate)  were 
lumped  together,  and  no  record  was  kept  of  the  quantities  derived 
from  each  gas  respectively. 


DISCUSSION  OF  ME.  W.  C.  MOUNTAIN'S  PAPER  OAT 
"THE  UTILIZATION  OF  EXHAUST-STEAM  FOR 
COLLIERIES.  IRONWORKS,  ETC.,  AND  THE  COST 
OF  ELECTRIC  CURRENT  GENERATED."* 

Mr.  A.  Q.  Carnegie  (Xewc;istle-upon-Tyne)  wrote  that  Mr. 
Mountain  had  stated  in  his  paper  that  the  present  makers  of 
the  Parsons  turbine  almost  invariably  fitted  a  Curtis  or  impulse 
wheel  in  the  high-pressure  stage  of  a  mixed-pressure  turbine. 
As  a  matter  of  fact,  where  economy  was  of  first  importance  a 
pure  reaction  design  must  necessarily  be  adopted,  because  the 
efficiency  of  reaction-blading  was  considerably  higher  than  that 
of  either  the  simple-impulse  or  the  velocity-compounded  types. 

*  Trans.  Inst.  M.  E.,  1914,  vol.  xlvii.,  page  409. 
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It  could  lint  be  denied  that  in  the  high-pressure  stages  of  a 
small  reaction  turbine  the  full  efficiency  of  the  blading  was  not 
realized,  owing  to  leakage  losses  over  the  blade  tips  :  but  impulse 
turbines  had  their  equivalent  losses  in  the  form  of  shock,  due  to 
i  he  turning  of  the  steam  in  the  blades,  disc  friction,  and  blade- 
windage  or  ventilation  losses.  In  the  latest  Parsons  design  the 
leakage  loss  over  the  high-pressure  blade-tips  had  been  consider- 
ably reduced  by  the  use  of  what  was  known  as  '"  end-tightening," 
or  shrouded  blades.  This  form  of  blading  would  be  referred  to 
later. 

Provided  that  the  shaft  of  a  reaction  turbine  was  properly 
designed,  the  clearances  (which  had  been  adopted  as  standard 
after  25  years'  experience)  were  absolutely  safe;  and  at  the 
present  day  it  was  surely  absurd  to  suggest  that  an  experienced 
turbine-designer  was  unable  to  calculate  shaft  deflections  and 
whirling  speeds,  and  was  therefore  liable  to  turn  out  a  shaft 
which  would  whip  and  cause  blade-stripping.  In  low-speed 
Parsons  reaction  turbines  the  running  speed  was  nearly  always 
lower  than  the  first  critical  speed,  while  in  high-speed  turbines 
\i  was  kept  well  clear  of  the  nearest  of  these  speeds.  In  the  latter 
case  the  bearings  were  provided  with  concentric  oil-cushioned 
tubes,  for  the  purpose  of  damping  out  vibration  and  of  enabling 
the  shaft  to  run  safely  through  its  critical  points. 

The  blades  in  Parsons  turbines  were  invariably  made  with 
thin  tips,  which  formed  a  great  safeguard  in  the  event  of  an 
accidental  contact  with  the  shaft  or  casing,  and  rendered  them 
safe  against  stripping. 

Where  the  impulse  element  had  been  adopted,  the  principal 
object  had  been  to  save  length  and  to  enable  the  turbine  to  be 
installed  in  a  short  engine-room,  as  well  as  to  reduce  the  cost 
of  manufacture. 

If  Mr.  Mountain's  warning  as  to  the  dangers  of  reaction-tur- 
bine shafts  applied  to  mixed-pressure  turbines  for  colliery  work, 
it  would  be  expected  to  apply  also  to  large  power-station  plants; 
hut  the  fact  that  the  leading  consulting  engineers  did  not  agree 
with  him  was  clearly  proved  by  the  number  of  large  pure  Parsons 
turbines  which  were  being  manufactured.  Messrs.  C.  A.  Parsons 
&  Company,  Limited,  had  built  a  25,000-kilowatt  pure  reaction 
turbo-alternator   for  Chicago — the    largest   single-shaft   turbine 
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ever  manufactured.  There  were  at  i  lie  present  moment  six  10,000- 
kilowatl  pure  reaction  turbines  being  built  at  their  Heaton  works 
for  the  Victorian  railways,  as  well  as  one  of  15,000  kilowatts 
for  the  Lot's  Road  power-station  of  the  London  Underground 
Electric  Railways.  These  turbines  bad  been  ordered  on  the 
strength  of  the  satisfactory  behaviour  of  the  eight  sets  of  6,000- 
kilowatt  pure  reaction  turbines,  which  were  installed  in  1900 
and  1910  to  replace  turbines  of  the  impulse-reaction  type  which 
had  tailed  hopelessly  in  their  steam-consumption  trials.  It 
might  lie  of  interest  to  the  members  to  learn  that  the  total  repair 
and  renewal  invoices  for  the  whole  of  these  eight  machines,  from 
1909  to  the  present  clay,  amounted  to  £832,  including  all  main- 
tenance of  blading.  All  these  turbines  were  of  the  tandem 
design. 

The  most  recent  improvement  in  blading  was  that  known  as 
"  end-tightening,"  the  blades  in  both  cylinder  and  spindle  being 
constructed  with  shrouding  strips,  which  rendered  the  clearance 
adjustable  in  an  axial  direction  and  enabled  fine  clearances  to 
be  used  with  absolute  safety.  With  this  type  of  blading  the 
radial  clearance  might  be  made  from  |  toyV  inch,  so  that  the 
shaft  was  free  to  move  laterally  without  the  slightest  risk  of 
making  contact  with  any  portion  of  the  stationary  casing  or 
blading. 

There  was  a  point  worth  remembering,  one  which  was  very 
often  overlooked,  simply  because  it  was  not  apparent  to  the  eye, 
namely,  that  the  lightest  shaft  in  a  pure  reaction  turbine  had 
nearly  always  a  much  smaller  deflection  than  the  shaft  of  a  pure 
impulse  turbine.  It  might  be  said,  of  course,  that  if  the  reaction- 
turbine  shaft  whipped,  its  blades  would  touch ;  but  an  equivalent 
to  this  happened  in  the  case  of  the  pure  impulse  turbine,  as  the 
labyrinth  packing  at  the  eyes  of  the  diaphragms  became  worn 
away,  and  the  efficiency  was  thereby  impaired. 

Mr.  Mountain  advocated  a  vacuum  of  27|  inches  for  general 
purposes,  and  rather  gave  one  the  impression  that  he  did  not 
thiuk  that  it  paid  to  provide  the  extra  pumping  power  in  the 
condenser  auxiliaries  and  cooling  plant  in  order  to  obtain  higher 
vacua.  It  might,  however,  be  taken  as  an  absolute  fact  that  in 
the  case  of  turbine  plant  it  always  paid  to  get  the  highest  vacuum 
possible  with  the  cooling- water  available.  If  a  cooling  plant  was 
required,  it  should  be  made  large  enough  to  give  a  temperature  of 


22  DISCUSSION UTILIZATION   OF  EXHAUST-STEAM. 

75°  to  80°  Fahr.,  which  figure  could  nearly  always  be  obtained 
quite  easily  in  this  country. 

Iu  an  exhaust-steam  turbine  the  gain  due  to  vacuum  was 
about  1")  per  cent,  per  inch  of  vacuum,  and  the  increase  of 
power  in  condenser  auxiliaries  and  cooling  plant  did  not  exceed 
2  per  cent.,  thus  leaving  a  clear  gain  in  power  of  13  per  cent,  for 
a  given  weight  of  steam.  In  the  case  of  a  live-steam  turbine  the 
gain  per  inch  of  vacuum  was  only  about  5  per  cent.,  but  the 
auxiliary  power  was  only  1  per  cent,  greater,  so  that  again  there 
was  a  clear  gain  of  4  per  cent.  These  figures  related  only  to 
surface-condensers  fitted  with  vacuum  augmentors  and  with  good 
reciprocating  air-pumps.  Rotary  air-pumps,  as  at  present  known, 
took  appreciably  more  power. 

Mr.  H.  F.  Smithsox  (Allerton  Bywater)  wrote  that  Mr. 
Mountain's  paper  offered  very  little  scope  for  criticism,  and  could 
safely  be  generally  corroborated.  In  one  detail,  however,  he 
thought  that  a  correction  could  be  made  which  would  alter  the 
cost  of  the  plant  detailed  in  Table  III.,  as  no  account  had  been 
taken  of  the  expense  of  an  accumulator,  or  of  the  range  of  two  or 
three  old  boiler-shells  to  act  as  an  accumulator,  mentioned  by 
Mr.  Mountain  at  the  commencement  of  his  paper,  which  expense 
could  be  put  down  at  £1,000,  making  a  total  of  £9,500  for  the 
whole  installation.  The  writer  could  from  experience  agree  with 
this  figure;  and  this  suggested  a  capital  cost  for  a  mixed-pressure 
plant,  including  all  accessories,  of  about  £10  per  kilowatt,  which 
figure  could  be  taken  as  approximately  correct. 

Mr.  Mountain  had  made  no  mention  of  what,  in  the  writer's 
opinion,  was  the  most  important  point  to  keep  in  sight  in  the 
utilization  of  exhaust-steam  -namely,  the  ideal  balance  of  power. 
A.S  an  example  he  would  instance  the  case  of  two  winders,  with 
a  steam-fan  and  perhaps  steam-compressors  exhausting  into  an 
accumulator,  the  accumulator  feeding  a  turbo-generator  supply- 
ing power  tor  pumps,  haulages,  screens,  washeries,  shops,  etc., — 
in  fact,  the  whole  of  the  running  plant.  If  the  power  in  such  a 
case  could  be  so  balanced  that  just  sufficient  exhaust-steam 
(exclusive  of  condensation  losses)  was  maintained  to  run  a  genera- 
tor which  would  keep  the  running  plant  of  the  colliery  working, 
one  had  a  system  which,  the  writer  maintained,  was  ideal.  With 
too  much  exhaust-steam,  a  supply  of  power  was  being  wasted: 
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with  too  little  exhaust-steam ,  the  generator  had  to  be  kept  run- 
ning with  the  help  of  live  steam. 

Another  point  which  Mr.  Mountain  had  apparently  over- 
looked in  his  table  of  running  costs  was  the  cost  of  running  on 
live  steam  at  week-ends,  when  there  would  be  no  exhaust-steam 
(except,  perhaps,  from  a  fan),  and  yet  big  pumping  plant  might 
have  to  be  kept  running. 

In  regard  to  Mr.  Mountain's  suggestions  for  three  complete 
plants,  one  set  for  the  night  load,  two  for  the  full  load,  and  one 
as  a  stand-by,  the  capital  cost  was,  of  course,  thereby  greatly 
increased,  with  additional  loss  due  to  interest  and  depreciation. 
The  writer  believed  that  a  more  economical  scheme,  where 
possible,  would  be  to  use  a  power  company's  mains  as  a  stand-by. 
This  system  was  in  vogue  at  a  colliery  with  which  the  writer  was 
connected,  and  up  to  the  present  had  worked  with  every  success/ 
A  fixed  minimum  rent  per  annum  was  paid  to  the  power  company, 
which  amount  could  be  recouped  by  working  entirely  from  the 
power-company's  supply  during  holidays,  week-ends,  etc. 

If  the  colliery  were  situated  near  a  river,  with  a  constant 
supply  of  cold  water  at  hand  for  condensation  purposes,  the 
cost  of  spray-nozzles  or  a  tower  for  cooling  would  be  eliminated; 
but  the  cost  of  a  pumping  plant  would  be  substituted  to  pump 
from  the  river  to  the  pond,  which  up  to  600  yards  and  a  30-foot 
head  was  about  the  same.  The  only  difference  would  be  that 
the  pond  would  be  divided  into  two  sections,  a  cold  side  and 
a  hot-well  side,  and  the  feed  to  the  boilers,  or  to  the  economizers, 
;is  the  case  might  be,  would  be  taken  from  the  hot-well  side,  thus 
further  increasing  the  saving  effect.  The  temperature  of  the 
cold  side,  direct  from  the  river,  would  be  perhaps  60°  Fahr., 
and  the  temperature  of  the  hot-well  side  85°  Fahr. 

Taking  the  case  of  an  old-fashioned  colliery,  run  almost 
entirely  on  steam,  and  with  all  the  exhaust-steam  blowing  to 
waste,  the  mode  of  procedure  would  be  to  collect  the  exhaust- 
steam  in  accumulators,  install  a  turbo-generator,  to  be  kept 
running  by  the  exhaust-steam  from  the  steam-engines  (which 
would  never  be  replaced  by  electrical  power,  namely,  winders, 
etc.  i.  and  after  that  to  cut  off  generally  the  rest  of  the  old  steam- 
engines  and  replace  by  motors,  until  the  balance  of  powers  was 
attained. 

With  regard  to  the  question  of  the  amount  of  exhaust-steam 
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available,  the  writer  would  take,  in  the  first  place,  the  two  (or 
more)  main  winders,  and  afterwards  the  main  fan.  A  constant- 
running  Ban  gave  an  ideal  supply  of  exhaust-steam,  and,  unless 
the  power  to  run  it  was  generated  at  an  exceedingly  low  figure,  it 
probably  was  more  economical  to  have  a  steam-engine  in  prefer- 
ence to  a  motor-driven  fan.  These  remarks  also  applied  to 
electrically-driven  compressors. 

The  different  conditions  at  collieries  were  so  varied  that  it 
was  impossible  to  lay  out  any  definite  scheme  as  to  what  steam 
jiower  and  what  electrical  power  should  be  used  :  but  there  was 
no  doubt  that  in  all  cases  where  steam  was  blown  to  the  atmo- 
sphere an  enormous  saving  could  be  attained  by  converting  this 
steam  into  electrical  energy.  As  an  example  of  what  could  be 
done  by  adopting  the  suggestions  put  forward  in  Mr.  Mountain's 
paper,  a  typical  case  was  presented  in  his  (Mr.  Smithson's)  recent 
paper  in  the  Transactions  * 

In  order  to  corroborate  Mr.  Mountain's  figures,  he  (Mr. 
Smithson)  appended  the  following  list  of  actual  running  costs 
for  the  last  twelve  months  on  a  1,000-kilowatt  set,  from  which 
3,500,000  units  had  been  taken.     The  costs  were  as  under:  — 


£ 

220 

30 

50 

100 

£400 
Interest  and  depreciation  on  capital  of    £10,000    at    15 

per  cent.      ...         ...         ...         ...         ...         ...         ...      1,£00 


Turbine  men 
Kepairs    ... 
Stores,  oils,  etc. 
Attending  pumps  at  river 


Total  cost 

Equal  to  015d.  per  unit. 


£1,900 


Mr.  Simon  Tate  (Trimdon  Grange)  said  that  the  circum- 
stances existing  at  collieries  varied  greatly,  and  that  the 
economical  working  of  mixed  turbo-generators  depended  very 
much  upon  a  cheap  supply  of  water  and  steam.  At  coking 
collieries,  where  there  was  a  surplus  amount  of  heat  from  coke- 
ovens,  it  was  not  so  material  to  have  exhaust-steam  turbines;  but 
at  all  collieries  where  steam  had  to  be  raised  by  hand-firing,  the 
benefit    arising  from  mixed-flow   turbines  was  very  great.     He 
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quite  appreciated   from   his  own  experience  the  benefits  derived 
from  such  machines  as  I  hose  mentioned  in  the  paper. 

With  regard  to  the  question  of  using  a  power-company's 
supply,  instead  of  a  suitable  .stand-by  plant,  this  was  a  matter 
depending  on  the  circumstances  at  each  individual  colliery.  It 
must  he  remembered  that  if  the  power-company's  supply  were 
used  as  a  stand-by,  an  annual  fixed  rent  would  Lave  to  be  paid; 
and  if  current  were  not  required,  such  an  arrangement  would  be 
found  to  become  very  expensive.  Wbere  there  were  two  or  more 
collieries  situated  comparatively  adjacent  to  each  other,  the 
better  plan  was  to  couple  all  the  collieries  together,  with  a 
separate  plant  or  plants  at  each  colliery.  He  (Mr.  Tate)  had  now 
at  the  collieries  with  which  he  was  connected  four  good-sized 
turbines  coupled  together,  an  arrangement  which  he  found  to 
answer  well  in  practice. 

Mr.  W.  C.  Mountain  (Xewcastle-upon-Tyne),  referring  to 
Mr.  Carnegie's  remarks  on  the  points  raised  in  the  paper  in 
connexion  with  the  desirability  of  reducing  the  length  between 
the  bearings,  wrote  that  he  would  not  like  Mr.  Carnegie  to  sup- 
pose for  a  moment  that  he  (Mr.  Mountain)  had  suggested  that  a 
Parsons  turbine,  as  built  by  Messrs.  C.  A.  Parsons  &  Company, 
Limited,  was  not  a  reliable  piece  of  machinery,  because  there  was 
evidence  to  Hie  contrary.  At  the  same  time,  it  was  a  well-known 
fact  that  that  firm  was  practically  the  only  one  that  now  built 
pure  reaction  turbines;  and,  in  order  to  overcome  any  risk  of  the 
turbine  blades  fouling  the  casing,  it  was  customary  by  all  firms 
making  reaction  turbines  either  to  thin  off  the  tip  of  the  blade, 
so  that  it  it  fouled  the  casing  it  would  cause  no  damage,  or  to  fit 
a  special  shrouding  that  would  not  be  damaged  by  contact.  He 
believed  that  he  was  right  in  stating  that  Messrs.  Parsons  &  Com- 
pany were  the  only  firm  that  had  adhered  to  the  pure  reaction 
turbine,  that  all  other  licensees  were  building  turbines  of  the 
disc-drum  type — that  was,  a  combination  of  impulse  and  reaction 
— and  he  could  only  conclude  that  these  firms  had  good  reasons 
for  adopting  that  design. 

Mr.  Carnegie  had  also  made  a  positive  statement  to  the  effect 
that,  where  economy  was  of  first  importance,  the  pure  reaction 
design  must  necessarily  be  adopted.  These  remarks,  he  thought 
Mi-.   Carnegie  would  admit,  could  not  be  applied  generally  to 
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turbines  of  large  and  small  capacity,  and  he  could  only  say 
that,  having-  dealt  with  a  vein-  considerable  number  of  contracts 
for  mixed-pressure  turbines,  the  guarantees  of  steam-consumption 
given  by  makers  of  the  Curtis  or  impulse  type  of  turbine  had 
in  nearly  every  case  been  better  than  those  that  Messrs.  Parsons 
&  Company  had  been  prepared  to  give,  and  from  very  careful 
testa  that  had  been  made  these  guarantees  had  been  fulfilled. 

He  quite  admitted  that  a  very  high  vacuum  gave  more  econ- 
omical results  as  regards  steam-consumption,  particularly  with 
exhaust-steam  turbines;  but,  taking  the  cooling-water  at  75° 
Fahr.,  and  assuming  that  this  cooling-water  had  to  be  delivered 
through  either  spray-nozzles  or  pumped  up  into  a  cooling-tower, 
the  following  figures  might  be  of  interest  in  respect  to  the 
quantity  of  water  necessary  for  different  vacuums  (with  jet- 
condensers)  :  — 

Number  of  times 
Inches  of  the  weight  of  suam 

vacuum.  passing  into  the 

coudeijBer  required. 

•27-50  35 

28-00  47 

•28-25  58 

28-50  80 

Mr.  Carnegie's  figures,  therefore,  as  regards  the  percentage 
of  extra  power,  could  hardly  be  correct,  as  the  power  taken  by 
the  air-pump  was  only  ;t  small  proportion  of  the  power  taken  in 
dealing  with  the  circulating  water. 

He  ( Mr.  Mountain)  was  indebted  to  Mr.  Smithson  for  the  kind 
way  in  which  he  had  criticized  the  paper,  but  thought  that  he  had 
not  very  closely  followed  some  of  the  figures  given,  and  he 
therefore  desired  to  correct  bis  (Mr.  Smithson's)  remarks. 

With  regard  to  the  cost  of  the  exhaust-steam  accumulator, 
most  collieries  were  able  to  furnish  three  old  boiler-shells  for  use 
as  receivers,  and,  even  if  they  were  not  able  to  find  them  in  the 
colliery  yard — which  was  usually  the  case — they  could  purchase 
them  for  about  £25  each.  The  amount  included  under  the 
average  amount  for  exhaust-steam  pipes  covered  the  cost  of  the 
connecting  pipes  between  the  accumulators.  It  was  not  neces- 
sary, therefore,  to  add  a  figure  of  anything  like  £1,000,  or,  in 
fact,  to  add  anything  to  the  figures  which  he  had  given,  unless, 
ot  course,  it  was  decided  to  put  in  an  accumulator  of  the  Eateau- 
Morison,  Schwarz,  or  other  type. 
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Mr.  Smithson  had  also  stated  that  he  (Mr.  Mountain)  had 
apparently  overlooked  the  cost  of  running-  on  live  steam  at  week- 
ends. He  would,  however,  refer  Mr.  Smithson  to  the  paragraph 
on  page  424,  which  stated  that  it  was  "occasionally  necessary  to 
supplement  the  exhaust-steam  by  passing  a  certain  amount  of 
live  or  high-pressure  steam  into  the  turbine,  or  even  by  running 
on  high-pressure  steam  alone.  In  such  circumstances,  an  addition 
to  the  running  costs  must  be  provided  for  the  coal  consumed  and 
the  stokers'  and  ashmen's  wages,  but  this  can  be  easily  done,  and 
the  cost  of  the  current  generated  may  be  readily  calculated  from 
the  tables." 

He  agreed  with  Mr.  Smithson  that  if  a  power  company  was 
prepared  to  give  a  stand-by  supply  upon  reasonable  terms,  it  was 
economical  to  take  current  from  a  power  company;  but  his  own 
experience  so  far  had  been  that  power  companies  proposed  such 
exorbitant  terms  for  a  stand-by  suppl}-  that  it  paid  far  better,  if 
one  had  the  capital,  to  put  down  his  own  stand-by  plant  and  be 
independent.  As  a  rule,  the  stand-by  plant  need  only  consist 
of  the  turbo-generator,  as  one  condensing  plant  was  usually 
sufficient. 

Mr.  Smithson's  proposal  to  utilize  the  cooling-water  from  a 
river  was,  of  course,  excellent,  if  one  were  fortunate  enough  to 
have  a  river  available.  The  figures,  as  regarded  running  costs 
and  cost  of  current  per  unit  produced,  in  connexion  with  a 
mixed-pressure  turbo-generator  of  750  kilowatts,  for  which  he 
w;is  consulting  engineer  in  the  Barnsley  district,  where  the 
cooling-water  was  obtained  from   a  river,  were  as  follows:  — 

Details  of  Plant. 

One  750-kilowatt  mixed-pressure  turbo-generator. 

Barometric  jet  condensing  plant. 

Three  old  boilers  converted  into  accumulators,  complete  with  valves. 

The  whole  of  the  riveted  steel  exhaust-pipes  for  conveying  the  exhaust- 
steam  from  the  winding-engines  to  the  receivers  and  from  the 
receivers  into  the  turbo-house. 

Main  steam-pipes. 

Additions  to  main  switchboard. 

The   turbine   was   placed   in    an   existing   power-house. 

Costs. 
The  total  capital  outlay  was         ...  ...  ...  ...  ...  £5,000 


The  cost  of  running,  including  interest  and  depreciation,  was  as  follows  :  — 
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£ 

Depreciation  on  capital,  at  in  per  cent.   ...         ...  ...  ...  500 

[nteresl  on  capital,  at  5  per  cent:             ...         ...  ...  ...  250 

Attendants'  wages    ...         ...         ...         ...         ...  ...  ...  252 

Firemen's  wages  (night  time  and  week-ends)     ...  141 

Fuel-consumption,  2,810  tons  of  slack  at  7s.  per  ton  ...  ...  983 

Repairs,  etc.  ...         ...         ...         ...         ...         ...  ..  ...  120 

Turbo  oil  (charged  half-price)        ...         ...         ...  ...  ...  .30 

General  stores            ...         ...                    ...         ...  ...  ...  10 

Changing  oil  and  renewing  air-filters         ...          ...  ...  ...  14 

Cleaning  out  condenser  and  accumulators            ...  ...  4 

Total  cost  per  annum  for  running  and  maintenance  ...    £2,304 

The  rate  of  power-consumption  was  3,770,000  units  per 
annum,  and  the  cost  per  unit  0T46d.  The  offer  of  a  power  com- 
pany, for  the  same  consumption,  would  amount  to  £7,413  per 
annum,  or  0'471d.  per  unit.  The  saving-  effected  by  the  installa- 
tion of  the  exhaust  turbo-generator  was  therefore  0'325d.  per  unit 
at  present,  or  £5.109  per  annum. 

It  would,  of  course,  be  necessary  at  some  time  or  another  to 
install  another  turbo-generator  as  a  stand-by,  as  the  present  one 
could  not  go  on  indefinitely.  This  would  add  about  £3,000  to 
the  capital  outlay.  It  would  not  be  necessary  to  duplicate  the 
circulating  pumps,  condenser,  accumulators,  etc.  The  cost  per 
unit  in  that  case  would  be  0T75d.  with  the  increased  capital. 

These  figures  very  closely  confirmed  his  own  armroximate 
estimates  of  cost,  and  also  the  figures  quoted  by  Mr.  Smithson  in 
connexion  with  his  own  installation. 

He  (Mr.  Mountain)  thanked  Mr.  Simon  Tate  for  his  support. 
Mr.  Tate  had  in  the  installations  at  Trimdon  Grange  and  East 
Hetton  probably  two  of  the  best  examples  of  the  utilization  of 
exhaust-steam  of  which  he  knew.  At  each  colliery  he  had  dupli- 
cate plant,  and  the  two  collieries  were  linked  together.  The 
result  was  that  he  was  able  to  supply  the  whole  of  the  power 
necessary  for  the  large  coking-plant  which  he  had  recently 
installed,  and  he  (Mr.  Mountain)  knew  that  the  figures  which  Mr. 
Tate  could  produce  with  regard  to  the  cost  of  production  of 
current  fully  bore  out  all  that  had  been  stated  in  the  paper. 


The  Chairman  (Mi-.  J.  G.  Weeks)  said  that  he  had  great 
pleasure  in  asking  Mr.  T.  Y.  Greener,  their  newly-elected  Presi- 
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dent,  to  take  the  chair.  He  would  merely  observe  thai  the  Insti- 
tute was  in  its  sixty-second  year,  and  that  Mr.  (livelier  was  their 
twenty-fifth  President. 

The  newly-elected  President  (Mr.  T.  Y.  Greener),  on  taking 
the  chair,  said  that  he  was  very  much  obliged  to  them  for  electing 
him  President,  which  was  the  highest  honour  that  the  Institute 
could  confer  on  one  of  its  members.  He  could  only  say  that 
\\  bile  he  appreciated  the  honour,  he  felt  some  diffidence  in  taking 
the  position  which  they  had  been  good  enough  to  confer  on  him; 
but  they  might  rely  upon  his  doing  his  very  best  to  maintain 
the  traditions  of  the  Institute,  and  to  fill  the  office  of  President 
with  credit  to  the  Institute  and  to  himself. 


The  President  (Mr.  T.  Y.  Greener)  moved,  and  Mr.  J.  H. 
Merivale  seconded,  a  vote  of  thanks  to  the  Scrutineers  for  their 
services,  and  the  resolution  was  carried  unanimously. 


The  President  (Mr.  T.  Y.  Greener)  proposed,  and  Mr.  Simon 
Tate  seconded,  a  vote  of  thanks  to  the  President,  Vice-Presidents, 
Councillors,  and  Officers  for  their  services  during  the  past  year, 
and  this  resolution  was  cordially  adopted. 


The  President  (Mr.  T.  Y.  Greener)  proposed,  and  Mr.  Mark 
Ford  seconded,  a  vote  of  thanks  to  the  representatives  of  the 
Institute  on  the  Council  of  The  Institution  of  Mining  Engineers 
for  their  services  during  the  past  year,  and  the  resolution  was 
carried  unanimously. 
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THE  NOBTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND 
MECHANICAL  ENGINEEES. 


GENERAL  MEETING, 

Held  in  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 

October  10th,  1914 


Mr.  T.  Y.  GREENER,  President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  last  General  Meeting1, 
and  reported  the  proceedings  of  the  Council  at  their  meeting's  on 
August  15th,  September  26th,  and  that  day,  and  of  the  Council 
of  The  Institution  of  Mining  Engineers  on  September  9th,  1914. 


The  following  gentlemen  were  elected,  having  been  previously 
nominated  :  — 

Members — 
Mr.  James  Fallins,  Colliery  Manager,  Abermain  Colliery,  Abermain,  via 

West  Maitland,  New  South  Wales,  Australia. 
Mr.  George  Hambleton  Maynard,  Engineer,  S3,  Albion  Street,  Leeds. 
Mr.    Nanabhoy   Rustomji   Sethna,    Mining   Engineer,    c  o    Messrs.     Tata, 

Limited,  62,  New  Broad  Street,  London,  E.C. 

Associate  Member — 
Mr.  Henry  Cook  Ltjmsden,  48,  Rothwell  Road,  Gosforth,  Newcastle-upon- 
Tyne. 

Associate— 
Mr.  Charles  Frederick  Cdsson,  Mechanical   Engineer,  Gr  eenfield  House 
Station  Road,  Washington  Station,  County  Durham. 

Students— 
Mr.  Vincent   William   Corbett,    Mining  Student,  Seaham  Colliery,  New 

Seaham,  Seaham  Harbour,  County  Durham. 
Mr.   Norman    Margrave   Dillon,    Mining   Student,    Dene   House,    Seaham 

Harbour,   County  Durham. 


Mr.  George  J.  Ralph  read  the  following  paper  on  "A 
Portable  Electrical  Gas-detecting  Device  for  Use  with  Miners' 
Lamps  "  :  — 


A    PORTABLE    ELECTRICAL   GAS-DETECTING    DEVICE.  3  L 


A   POETABLE  ELECTRICAL  GAS-DETECTING   DEVICE 
FOR    USE    WITH    MIXERS'    LAMPS. 


Bv  GEORGE  J.   RALPH. 


It  will  he  within  recollection  that  in  October,  1911,  a  similar 
device  was  brought  by  the  author  to  the  notice  of  the  Institute. 
The  device  then  shown,*  while  acting-  in  a  very  satisfactory  way 
with  most  of  the  various  inflammable  gases,  was  a  failure  in 
detecting  firedamp,  as  man}-  other  electrical  devices  have  been. 
This  failure  was  due  to  somewhat  peculiar  phenomena  attending 
the  combustion  of  firedamp,  which  were  unknown  to  the  author, 
and  possibly  to  many  others,  at  that  time. 

For  a  couple  of  years  afterwards  he  had  been  too  fully 
occupied  with  business  to  devote  an}-  further  attention  to  the 
subject,  but  as  he  had  rather  more  leisure  during  the  last  12 
months,  further  experiments-have  been  made,  which  have  proved 
successful  up  to  a  certain  point. 

Bearing  in  mind  the  exceedingly  kind  and  sympathetic 
manner  in  which  his  previous  failure  had  been  treated,  the 
author  thought  it  was  only  right  that  the  first  public  demonstra- 
tion of  the  modified  apparatus  (Figs.  1  and  2)  should  be  given 
to  the  Institute. 

The  principle  upon  which  nearly  all  attempts  at  making  an 
electrical  gas-detector  have  been  based  is  the  change  which  occurs 
in  the  condition  of  certain  substances,  such  as  platinum, 
palladium,  nickel,  etc.,  when  brought  into  contact  with  hydro- 
carbon gases.  This  change  is  well  known,  and  can  be  observed 
in  virions  ways.  In  the  case  of  an  initially-heated  platinum 
wire,  for  instance,  one  may  measure  or  estimate  its  change  in 
brightness,  length,  temperature,  or  electrical  resistance.  In  the 
device  before  the  members,  the  alteration  in  the  electrical  resist- 
ance of  the  wire  is  estimated  by  comparing  it  with  a  similar  wire 

*  "  The  Holmes-Ralph  Gas  detecting  Portable  Electric  Lamp,"  by  George  J. 
Ralph,  Trans.  Inst.  M.  E.,  1911,  vol.  xlii.,  page  201. 
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sealed   up  in  such  a  manner  that  the  surrounding"  gassy  ntmn- 
sphere  cannot  acl  upon  it. 

With  small  percentages  of  gas,  the  change  which  occurs  is 
minute,  and  the  chief  difficulty  in  the  way  of  constructing  an 


luu.   I. — (Jas-detector  and  Lamp  separate. 

instrument  to  measure  the  change  is  to  devise  a  form  of  galvano- 
meter of  sufficient  sensitiveness  and  small  and  robust  enough  to 
be  readily  carried  about,  and  stand  a  certain  amount  of  rough 
handling. 
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In  the  gas-detector  exhibited,  the  galvanometer,  or  voltmeter, 
whichever  one  prefers  to  style  it,  is  of  the  moving-coil  pattern, 
which  type  of  electrical  instrument,  as  is  well  known,  is  the  least 
affected  by  external  magnetic  disturbances. 

Obviously,  a  very  long  pointer  cannot  be  used  to  indicate  the 
very  small  angular  movement  of  the  galvanometer  needle  or  coil 
and  the  instrument  still  kept  small  enough  to  go  easily  into  the 
pocket;  while,  on  the  other  hand,  if  a  short  pointer  be  employed, 
the  divisions  on  the  scale  would  be  so  small  that  it  would  be 
very  difficult  to  read  them  with 
accuracy.  Instead,  therefore,  of 
attempting  to  read  the  magnitude 
of  movement  of  the  galvanometer 
pointer,  the  bridge-circuit  is  so 
arranged  that  when  the  pointer 
shows  a  deflection  it  niay  be 
brought  back  to  zero  by  moving  a 
sliding  contact  on  a  wire  that 
forms  part  of  the  circuit.  It  is  the 
magnitude  of  the  movement  of 
this  sliding  contact  necessary  to 
bring  the  galvanometer  pointer  to 
zero  that  is  read,  and  this  acts,  as 
it  were,  as  a  multiplier  to  the 
length  of  the  pointer.  In  other 
words,  if  the  pointer  of  the 
galvanometer  is  3  inches  long,  and 
moves  j\  inch  from  zero,  the 
amount  of  movement  of  the  sliding 
contact  may  be  as  much  as  h  inch, 
or  eight  times  as  great,  equivalent  to  a  pointer  (8x3=  )  24  inches 
long.  It  will  be  readily  agreed  that  divisions  of  §  or  ^  inch  can 
be  easily  read. 

In  order  to  economize  current,  it  is  essential  to  use  wire  of 
extremely  small  diameter  for  comparison  of  the  resistances,  and 
this  in  turn  necessitates  the  use  of  very  short  lengths  of  wire,  if 
the  detector  is  to  be  used  in  conjunction  with  a  4-volt  battery. 
For  use  on  a  2-volt  circuit,  the  length  must  obviously  be  still  less 
if  the  diameter  of  the  wire  and  its  temperature  are  to  remain 
approximately  the  same  as  on  the  4-volt  circuit.     The  tempera- 
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2. — Gas  detector  in  Position 
on  Lamp  beady  for  use.  -  •  • 
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ture  at  which  the  active  wire  gives  the  best  result  is  about  a  dull 
red  heat.  This  temperature  is  considerably  below  the'  ignition- 
point  of  firedamp  or  methane.  There  is  the  further  advantage  in 
working  at  this  comparatively  low  temperature,  that  the  wire 
will  last  a  very  long  time  without  burning  out,  and  there  will 
be  little  or  no  permanent  change  in  its  resistance. 

Fig.   3  is  a  diagrammatic  plan  of  the  arrangement  of  the 
device.    A  is  a  battery,  D,  E,  F,  and  G  being  the  four  arms  of  a 

Wheatstone  bridge  ; 
H  is  a  wire  of  low 
resistance  compared 
with  any  of  the  four 
arms ;  and  J  is  an 
electrical  measuring 
instrument.  D  and 
F  are  connected  to- 
gether at  one  end  to 
one  pole  of  the 
battery,  and  E  and  G 
are  likewise  connect- 
ed together  to  the 
other  pole  of  the 
battery,  when  it  is 
desired  to  take  a 
reading,  by  means 
of  a  spring-key  or 
switch  P.  The  free 
ends  of  F  and  G  are 
connected  together  to 
one  terminal  of  the 
Fig.  3.— Diagram  showing  Arrangement  of  the    galvanometer  J.    The 

GAS-DETECTOR.  „  n  i>     n  J      c 

free  ends  of  D  and  h 
are  connected  together  through  tne  low-resistance  wire  H.  The 
other  terminal  of  the  galvanometer  /  is  connected  to  some  part 
of  the  wire  H  through  the  contact-arm  K,  which  can  be  partly 
rotated  or  made  to  slide  along  the  wire  H. 

Assuming  that  under  normal  conditions  (that  is,  when  no 
inflammable  gas  is  present  in  the  air)  the  electrical  resistance  of 
I)  equals  E  and  F  equals  G,  then  the  contact  K  must  be  resting 
on  a  point  of  the  wire  H  exactly  midway  between  D  and  E. 
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Let  it  be  assumed  that  D  is  the  platinum  wire  exposed  to  the 
atmosphere,  and  that  E  is  a  similar  wire  shielded  from  the 
at  Biosphere,  while  F  and  G  are  not  necessarily  made  of  a  material 
thai  is  affected  by  the  state  of  the  atmosphere,  and  remain  equal 
in  resistance  to  one  another  under  all  conditions.  If,  owing  to  the 
presence  oi  some  hydrocarbon  gas,  the  resistance  of  D  increases, 
there  will  no  longer  be  a  state  of  equilibrium  in  the  circuit,  and 
a  certain  amount  of  current  will  pass  through  the  galvanometer, 
causing  the  pointer  to  show  a  deflection. 

By  sliding  the  contact-arm  K  away  from  the  central  position 
towards  D,  a  position  can  be  found  which  will  restore  the  balance 

and  allow  no  current  to  pass  through 
the  galvanometer,  which  consequently 
returns  to  the  zero  position.  The  new 
position  of  the  arm  K  is  then  noted, 
and  A' can  be  moved  back  to  the  central 
position  ready  for  the  next  reading. 

The  positions  which  K  must  occupy 
in    order    to    bring   the    galvanometer 

(H      Hm     needle   to    zero    are    carefully   marked 
^^^  ^^^«      when  D  is  surrounded  by  air  containing 
various  measured  percentages  of  gas. 

In  the  actual  apparatus,  D  and  E  are 
contained  in  the  projecting  portion  at 
the     bottom    of     the     instrument,    the 
circular  cover  of  which  has    openings 
Fig.  4.— Gas-Detector  com-  covered  with  fine   wire    gauze,  and    in 

BINED       WITH       ITS        OWN     ,-.  ,  f  l    •     1  •  il 

separate  Battery.  the  centre  of  which  is  the  spring- 
contact  P. 

F  and  G,  the  galvanometer  J,  the  slide  wire  H,  and  contact- 
arm  K  are  contained  in  the  case.  K  is  rotated  by  means  of  the 
knoli.  a  pointer  attached  to  which  indicates  on  the  outside 
calibrated  dial  the  position  of  K  inside  the  case,  while  the  move- 
ment of  the  galvanometer  pointer  is  observed  through  the 
glass-covered  aperture  at  the  top  of  the  case. 

The  present  form  of  the  device  is  adapted  either  for  use  with 
a  small  separate  battery  of  its  own  (Fig.  4),  or  for  use  in  con- 
junction with  an  electric  lamp,  whichever  may  eventually  prove 
the  more  convenient. 

There  is  every  indication  that  the  device  will  meet  technical 
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requirements,  and  that  it  can  be  produced  at  sucli  a  price  as  will 
render  it  commercially  practicable  for  adoption  by  mining 
officials,  deputies,  and  firemen. 

It  may  be  pointed  out  that  the  instrument  brought  before  the 
Institute  in  1911  required  an  8-volt  battery,  whereas  the  present 
device  is  adapted  to  work  on  a  4-volt  battery,  and  if  necessary  can 
be  made  to  work  on  a  2"6-volt  alkaline  battery.  It  may  be  possible 
to  adapt  it  to  a  2-volt  lead  cell.  Its  weight  is  about  1  pound, 
without  the  battery.  There  is  no  risk  attending  its  use,  for  the 
temperature  of  the  exposed  platinum  wire  is  very  considerably 
below  the  inflammation-point  of  methane,  and  the  spring-contact 
is  contained  within  the  gauze-protected  chamber,  so  that  any 
minute  spark  which  may  occur  is  safeguarded. 

If  used  in  connexion  with  an  electric  hand-lamp,  a  short 
length  of  flexible  cord  is  necessary,  together  with  a  special  plug, 
and  a  socket  attached  to  the  lamp-battery  case.  It  was  a  matter 
which  involved  a  considerable  amount  of  thought  to  devise  a 
socket  with  a  locked  cap  which  would  be  practically  unpickable. 

There  is  no  danger  of  a  spark  occurring  when  the  contact-plug 
is  being  screwed  in,  as  the  electric  circuit  is  not  completed  until 
the  spring-key  on  the  detector  is  pressed. 

Another  difficult}-  that  has  to  be  overcome  in  apparatus  of 
this  nature  is  to  compensate  it  fully  for  variations  of  atmospheric 
temperature  and  pressure  which  may  occur,  and  the  inevitable 
variations  of  voltage  when  the  current  is  obtained  from  a  battery, 
the  voltage  of  which  must  necessarily  be  greater  when  fully 
charged  than  when  nearly  discharged. 

Actual  trials  have  been  carried  out  in  a  mine,  and  also  with 
natural  pit-gas  from  Cymmer  Colliery,  South  Wales,  as  well  as 
with  artificially-prepared  methane,  the  results  of  which  all  agree. 

The  whole  apparatus,  after  one  has  thought  about  it  and 
worked  at  it  off  and  on  for  some  years,  seems  now  to  be  so  simple 
that  any  person  might  have  devised  it,  but  did  not  until  now. 
It  is  a  well-known  fact  that  new  devices,  or  so-called  "  inven- 
tions "  of  any  sort,  are  almost  invariably  the  outcome  of  patient 
trial  and  error,  and  a  process  of  growth  of  ideas  suitably  put  into 
practical  shape,  rather  than,  as  many  people  think,  a  sudden 
"  invention  "  or  inspiration. 
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A.fter  reading  his  paper.  Mr.  Ralph  carried  out  a  number 
of  demonstrations. 

Mr.  Robert  Nelson  (London)  wrote  that  he  had  read  Mr. 
Ralph's  paper  with  great  interest.  Any  instrument  which  pro- 
mised to  detect  unerringly  and  clearly  the  percentage  of  firedamp 
present  in  the  air-current  in  a  mine  was  sure  to  command  the 
attention  of  mining  engineers,  and  if,  as  now  seemed  clear,  Mr. 
Ralph  had  devised  such  an  instrument,  it  was  right  to  congrat- 
ulate him  first  on  the  achievement,  and  secondly  on  the  patience 
and  skill  that  he  had  shown  in  solving  the  problem. 

The  principle  upon  which  the  detector  was  constructed 
appeared  to  be  both  scientific  and  practical,  and  the  finished 
detector  was,  judging  from  the  illustrations,  handy  in  regard  to 
size,  shape,  and  weight.  The  most  convenient  form,  if  the 
detector  proved  to  be  a  practical  success — and  he  knew  no  reason 
why  it  should  not — would,  he  thought,  be  that  shown  in  Fig.  4, 
illustrating  the  detector  furnished  with  its  own  battery  apart 
from  any  lamp. 

Perhaps  Mr.  Ralph,  in  the  course  of  his  reply  to  the  discus- 
sion, would  be  good  enough  to  explain  how  the  apparatus  was 
compensated  for  variations  of  voltage  and  temperature.  The 
author  had  mentioned  these  as  two  difficulties  which  had  to  be 
overcome,  but  had  not  explained  how  they  had  been  overcome  in 
the  course  of  his  experiments.  It  was  of  interest  to  know  that  the 
detector  had  been  tried  below  ground  at  Cymmer  Colliery,  and 
that  it  had  been  successful. 

Mr.  William  Ollerexshaw  (Denton)  wrote  that  Mr.  Ralph 
was  entitled  to  the  best  thanks  of  the  Institute  for  his  paper. 
After  the  disappointment  attending  the  author's  first  efforts  in 
the  direction  of  finding  a  reliable  gas-detector  for  use  with 
miners'  portable  electric  lamps,  he  had  proceeded  with  his 
labours,  which  had  now  apparently  been  crowned  with  success. 
This  was  a  feat  of  which  he  might  well  be  proud,  and  was  deserv- 
ing of  commendation. 

Judging  the  apparatus  from  the  paper  and  the  illustrations. 
the  device  appeared  to  him  (Mr.  Ollerenshaw)  to  meet  all  the 
requirements  necessary  to  make  the  use  of  a  miner's  portable 
electric  safety-lamp  an  unqualified  success,  and  if  this  object 
had  been  actually  achieved,  it  would  do  more,  in  his  opinion,  to 
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lessen  the  loss  of  life  in  coal-mining  than  any  other  invention  of 
the  present  century.  Xot  only  would  it  tend  to  reduce  the 
liability  to  colliery  explosions,  but  it  would  have  the  effect  of 
reducing  materially  the  loss  of  life  from  falls  of  roof  and  sides, 
which  were  still  responsible  for  the  greatest  number  of  the 
fatalities  that  accompanied  coal-mining.  The  increased  light 
nf  the  electric  lamp  would  enable  the  underground  workmen  to 
detect  the  danger  and  prevent  the  occurrence  of  many  of  these 
accidents. 

Prof.  P.  Phillips  Bedson  (Armstrong  College,  Newcastle- 
upon-Tyne)  congratulated  Mr.  Ralph  on  the  success  that  he  had 
achieved.  He  (Prof.  Bedson)  had,  however,  only  just  read  the 
paper,  and  had  not  had  an  opportunity  of  witnessing  a  demonstra- 
tion, and  before  forming  any  decisive  opinion  he  would  like  to 
make  some  experiments  with  the  apparatus.  It  seemed  to  him 
that  Mr.  Ralph  had  gone  a  step  further  than  the  Liveing  firedamp 
detector,  in  which  the  ability  to  test  the  difference  in  the 
appearance  of  two  platinum  wires — one  in  an  atmosphere  free 
from  firedamp  and  the  other  in  an  atmosphere  containing  fire- 
damp— needed  experience,  and  by  the  personal  equation  was 
liable  to  yield  erroneous  results.  In  the  present  apparatus  Mr. 
Ralph  had  given  them  a  means  of  detecting  firedamp,  and  of 
eliminating  this  personal  equation  and  consequent  source  of 
error. 

Prof.  Henry  Louis  (Armstrong  College,  Xewcastle-upon- 
Tyne)  said  that,  whilst  he  was  favourably  impressed  with  the 
obvious  progress  made  by  Mr.  Ralph,  he  would  like  to  call 
attention  to  two  points.  He  noticed  that  the  inventor  used  wires 
at  a  low  red  heat,  at  which  temperature  he  had  stated  that 
methane  did  not  ignite ;  but  it  must  be  remembered  that  at  a 
low  red  heat  coal-dust  ignited  quite  readily.  If  these  wires  were 
introduced  into  a  very  dusty  mine,  the  fine  dust  might  make  its 
way  in  and  smoulder  on  the  wires,  and  if  this  occurred  there 
would  exist  all  the  elements  that  initiated  a  gas  explosion.  He 
did  not  know  whether  it  was  possible  that  this  would  happen, 
but  he  had  no  doubt  that  coal-dust  would  readily  ignite  at  the 
low  red  heat,  and  that  coal-dust  ignited  on  such  a  wire  would 
ignite  firedamp.  He  would  like  to  know  whether  Mr.  Ralph 
had   investigated  the  particular  difficulty  that  broke   down  the 
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Liveing  apparatus,  namely,  the  displacement  of  the  zero  point 
and  the  fact  that  platinum  wire  did  in  the  course  of  time  alter 
its  resistance  under  similar  conditions.  Of  course,  there  was  this 
advantage  in  the  present  apparatus,  that  the  inventor  was  com- 
paring two  platinum  wires,  both  at  fairly  high  temperatures  as 
compared  with  Liveing's,  the  actual  difference  of  resistance  be- 
tween which  could  not  be  very  great.  Notwithstanding  that,  it 
struck  him  that  it  was  perfectly  possible  that  the  ratio  of  differ- 
ential resistance  might  alter.  It  was  not  a  matter  that  could  be 
determined  in  a  day,  but  one  which  required  regular  experi- 
ments. Mr.  Ralph  had  given  so  much  attention  to  the  working 
out  of  his  idea  that  it  was  probable  that  he  had  not  overlooked 
the  point  now  raised,  but  he  (Prof.  Louis)  thought  it  advisable 
to  draw  attention  to  it. 

Mr.  John  H.  Merivale  (Acklington)  remarked  that,  with 
reference  to  what  Prof.  Louis  had  said,  he  had  been  looking  at 
the  lamp  and  found  that  it  was  protected  with  gauze,  so  that  if 
by  any  means  there  was  an  ignition  inside  the  lamp,  the  ignition 
would  be  confined  to  the  interior  of  the  lamp,  and  he  took  it  that 
such  was  the  object  of  that   gauze.        He  would  like  to  know 

(1)  whether  Mr.  Ralph  had  experimented  with  the  apparatus 
in  an   attempt  to  produce  an    explosion  inside  the  lamp ;    and 

(2)  whether,  if  platinum  wire  were  heated  to  a  sufficiently  high 
temperature,  and  an  explosion  resulted  inside,  the  gauze  would 
be  sufficient  to  prevent  the  explosion  from  passing  through. 
He  understood  that  the  difference  between  the  lamp  which  was 
licit  successful  and  the  present  apparatus  was  that  the  temperature 
in  the  latter  was  very  much  lower,  or  rather  that  in  this  instru- 
ment very  much  smaller  alterations  in  temperature  could  be 
measured  than  in  the  other.  In  the  original  lamp  ordinary 
coal-gas  was  burnt,  and  the  result  was  a  considerable  difference 
in  temperature;  but,  when  methane  was  used,  the  difference  in 
temperature  was  so  slight  that  it  could  not  be  detected. 

Mr.  George  J.  Ralph  (Rugby)  replied  that  he  had  placed  a 
highly  explosive  mixture  inside  a  gas-chamber  where  the 
platinum  wire  was  not  protected  by  gauze  in  any  way,  and  in  no 
case  had  there  been  an  explosion.  The  object  of  the  gauze  was 
protection  against  external  explosion. 
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Mr.  -T.  R.  R.  Wilson  (H.M.  Divisional  Inspector  of  Mines, 
Newcastle-upon-Tyne)  said  that  there  was  no  doubt,  in  regard  to 
all  these  gas-detectors,  that  it  might  be  absolutely  fatal  to  their 
use  if  they  were  exposed  to  the  atmosphere.  He  was  anxious  to 
hear  whether  this  apparatus  was  perfectly  safeguarded,  although 
from  the  questions  asked  by  Prof.  Louis  and  the  remarks  of  Mr. 
Merivale  he  imagined  that  it  was. 

The  President  (Mr.  T.  Y.  Greener)  proposed  a  vote  of  thanks 
to  Mr.  Ealph  for  the  trouble  that  he  had  taken  in  preparing  the 
paper  and  for  reading  it  before  the  Institute. 

He  thought  that  the  instrument  was  an  important  one,  and 
everybody  would  appreciate  the  fact  that  it  was  highly  desirable 
to  know  how  much  gas  there  was  in  any  given  current  of  air. 
Assuming  that  the  instrument  was  as  reliable  as  Mr.  Ralph 
expected  it  to  be,  it  was  a  much  more  accurate  means  of  deter- 
mining the  quantity  of  gas  in  any  given  air-current  than  the 
ordinary  safety-lamp,  which  was,  of  course,  used  by  the  deputies, 
who  relied  upon  their  capacity  for  judging  the  height  of  the  cap 
on  the  lamp  and  the  corresponding  percentage  of  gas.  This  was 
entirely  a  personal  matter,  and,  as  Prof.  Bedson  had  said,  owing* 
to  the  personal  equation  coming  in  there  was  a  liability  to  errors 
and  mistakes,  which  might  have  serious  consequences.  Assuming- 
that  this  apparatus  was  safe,  and  would  pass  practical  tests,  it 
was  a  very  valuable  invention;  it  was  portable,  it  was  one  which 
was  easily  read,  and,  so  far  as  he  could  judge,  its  cost  ought  not 
to  be  excessive.  It  would  therefore  come  within  the  reach  of 
all  colliery  companies,  and  the  probability  was  that  it  would  be 
largely  used  in  the  future. 

Mr.  Merivale  seconded  the  vote  of  thanks,  which  was  carried 
unanimously. 

Mr.  Ralph,  in  replying  to  the  discussion,  said  that  he  was 
much  obliged  to  them  for  their  kind  reception  of  his  device.  It 
had  certainly  entailed  a  great  deal  of  thought  and  experimen- 
tation, and  lie  had  obtained  some  wholly  unlooked-for  results. 
A [Kirt  from  any  commercial  success,  it  was  a  great  personal 
satisfaction  to  attain  the  object  that  one  had  set  out  to  achieve. 
He  had  to  thank  Mr.  Nelson  and  Mr.  Ollerenshaw  for  their  com- 
plimentary  remarks.     Mr.    Nelson   asked   a  question  as   to  the 
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manner  in  which  the  variation  of  temperature  was  compensated 
for.  This  was  very  simple:  the  two  wires  were  identical  in  size, 
in  resistance,  and  in  material,  and  any  variation  in  the  battery 
voltage  affected  one  equally  with  the  other. 

He  also  thanked  Prof.  Bedson  and  Prof.  Louis  for  their  kind 
remarks.  Prof.  Louis  had  mentioned  the  possible  danger  from 
coal-duet.  The  mine  in  South  Wales,  in  which  the  apparatus 
was  tested,  was  an  exceedingly  dusty  one,  and  no  trouble 
whatever  was  experienced.  Of  course,  it  was  only  a  one-day 
test,  which  was  not  very  much,  but  he  did  not  apprehend  any 
danger  from  coal-dust,  as  he  thought  that  the  gauze  was  a  fairly 
good  protection,  and  most  people  would  admit  that  a  red-hot 
wire  was  certainly  much  safer  than  a  flame  enclosed  by  gauze. 
Prof.  Louis  had  also  referred  to  the  alteration  of  zero.  Of  course, 
in  the  Liveing  detector  the  temperature  at  which  the  wire  was 
run  was  very  much  in  excess  of  what  was  used  in  the  present 
apparatus;  it  was  practically  a  white  heat,  at  which  temperature 
even  platinum  soon  burnt  away,  and  it  was  a  question  of  com- 
paring the  brilliancy  of  the  two  wires.  He  had  been  working 
on  comparatively  low  temperatures,  and  had  found  the  altera- 
tion in  resistance  to  be  very  minute,  so  that  one  might  expect  the 
detector  to  last  a  long  time. 

Mr.  Wilson  had  also  mentioned  the  question  of  safety  from 
ignition,  but  he  (Mr.  Ralph)  thought  that  the  gauze  protection 
would  cover  that,  especially  as  even  in  a  10-per-cent.  mixture 
the  exposed  wires  still  remained  below  the  ignition-point  of 
methane.  Mr.  Xelson  wavS  in  error  when  he  stated  that  the 
apparatus  had  been  tested  underground  at  Cymrner  Colliery,  as 
the  name  of  the  colliery  had  not  been  mentioned.  He  (Mr. 
Palph)  had  also  been  led  to  suppose  that  if  the  Act  prevented 
anything  of  this  description  from  being  taken  into  mines,  it  was 
quite  possible  that  the  wording  of  the  Act  might  be  altered. 


Mr.  Samuel  Dean's  "  Notes  on  Coal-mining  in  the  State  of 
Illinois.  United  States  of  America,"  were  taken  as  read,  as 
follows  :  — 
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NOTES  ON  COAL-MINING  IN  THE  STATE  OF  ILLINOIS, 
l  NITED  STATES  OF  AMERICA. 


By  SAMUEL  DEAN. 


Introduction. — The  State  of  Illinois  ranks  third  in  the  list  of 
coal-producing  States,  and  the  following  summary  may  be  of 

interest : — 


Yeak  ended  June  30th,   1913. 
Total  output,  in  tons  of  2,000  pounds 
Average  days  of  active  operation  for  all  mines 
Number  of  coal-cutting  machines  in  use 
, ,  tons  undercut  by  machine 

,,  ,,    mined  by  hand 

Average  number  of  employees  underground 

,,  ,,  on  the  surface 

Total  number  of  employees 


61,846,204 

170 

1,689 

30,228,520 

31,617,684 

72,493 

7,004 

79,497 


It  will  be  noted  from  the  foregoing  table  that  the  output  for 
each  working  day  was  363,801  tons,  and  the  production  per 
employee  (surface  and  underground),  45  tons  per  day. 

According  to  Mr.  E.  W.  Parker,  of  the  United  States 
Geological  Survey,*  the  total  coal-area  is  estimated  at  35,600 
square  miles,  this  being  the  largest  area  in  any  State  east  of  the 
Mississippi  River,  and  exceeded  only  by  Montana  and  North 
Dakota. 

There  are  six  different  seams  of  coal,  all  of  which  lie  relatively 
flat.  No.  6  Seam  is  the  most  important;  it  averages  6  feet  in 
thickness  over  a  wide  area,  and  is  mined  at  depths  varying  from 
50  to  800  feet.  Approximately  60  per  cent,  of  the  total  output 
of  the  State  is  from  this  seam. 

Every  year  there  is  a  noticeable  increase  in  the  quantity  of 
coal  cut  by  machines;  and  during  the  year  1913  there  were  108 
more  machines  in  use  than  in  the  preceding  year. 

The  mine-workers  of  Illinois  are  considered  to  be  better 
organized  than  those  of  any  other  coal-producing  State.     One 

*  The  Production   of  Coal  in  1912,  by  E.   W.   Parker,  Department   of  the 
Interior,  U.S.  Geological  Survey. 
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result  of  this  is  that  the  mines  are  closed  regularly  every  two 
years,  beginning  usually  about  April  1st  in  the  even  years.  It 
is  customary  for  the  mines  to  lie  idle  until  new  agreements  have 
been  reached. 


Fig.  20.  — Headframe  in  course  of  Erection. 

As  from  35  to  40  per  cent,  of  the  total  quantity  of  coal  pro- 
duced is  shot  from  the  solid,  only  a  very  small  proportion  of 
Illinois  coal  is  actually  undermined  by  hand,  a  large  quantity 
being  what  is  termed  "  powder-mined." 
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Fig.  21.  — Headframe  with  Shakers  and  Hoppers  partly  erected. 


Fig.  22. — Headframe,  showing  appearance  of  Finished  Structure. 
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The  owners  are  endeavouring,  as  much  as  possible,  to  reduce 
the  dangerous  practice  of  shooting  from  the  solid  with  black 
powder  by  introducing  machines  and  "permissible  "  explosives, 
but  their  workmen  do  not  give  that  assistance  which  is  necessary 
for  the  promotion  of  safety.  It  is  permitted  under  the  State 
Mining  Law  to  withdraw  missed  shots  by  using  copper-tipped  or 
wooden  tools.     Other  State  regulations  are  as  follows  :  — 

Ventilation. — There  shall  be  provided,  supplied,  aud  maintained  an  amount 
of  air  which  shall  not  be  less  than  one  hundred  (100)  cubic  feet  per  minute 
for  each  person,  and  not  less  than  five  hundred  (500)  cubic  feet  per  minute 
for  each  animal  in  the  mine,   measured  at  the  foot  of  the  downcast  and   of 


Fig.  23. — Tipple  or  Heapstead  Building,  Madison  Coal  Corporation's 

No.  5  Mine. 

the  upcast;  except  that  in  gaseous  mines  there  shall  be  not  less  than  one 
hundred  and  fifty  (150)  cubic  feet  of  air  per  minute  for  each  person  in  the 
mine. 

Coal-dust. — In  case  the  passage-ways,  roadways,  or  entries  of  any  mine 
are  so  dry  that  the  air  becomes  charged  with  dust,  such  roadways  must  be 
regularly  and  thoroughly  sprayed,  sprinkled,  or  cleaned. 

Voltage. — Trolley-wires  or  other  exposed  electrical  wires  shall  not  carry 
a  voltage  above  275  volts. 

A  gaseous  mine  is  not  defined. 

All  the  coals  of  Illinois  are  bituminous,  and  are  high  in  vola- 
tile matter,  moisture,  ash,  and  sulphur.  They  are  non-coking 
and  free  burning,  and  are  used  principally  for  steam-generation 
and  heating. 
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Fig.  '24. — Pit-car  (or  Tub)  loaded  at  the  Coal-face. 


Fig.  25.— A  Steel  Railway-car  (or  Truck)  loaded  with  Slack; 
Capacity,  100,000  Pounds  (50  short  tons). 
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Methods  of  Working. — The  general  method  of  working  is  by 
room-and-piUar,  only  a  few  of  the  thinner  seams  being  worked 
by  the  longwall  system.  Wind  is  called  the  "  stripping  "  method 
is  also  employed.  Where  the  coal-seam  lies  at  depths  of  20  to  30 
feet  below  the  surface,  the  overburden  is  removed  by  means  of 
steam  shovels.  The  total  cost  of  mining  coal  by  stripping  the 
overburden  varies  "  on  a  daily  output  of  300  tons  per  day  from 
Is.  8d.  to  2s.  Id.  (40  to  50  cents)  per  ton  loaded  on  the  cars 
[railway-trucks]."* 


Fie.  -26.—  Concrete  Blocks  used  by  the  Madison  Coal  Corporation  for 
Underground  Arching. 

I  ig.  1  (Plate  III.)  shows  a  portion  of  a  plan  of  a  typical  room- 
and-pillar  mine  worked  on  the  panel  system.  The  consideration 
of  cleavage  does  not  generally  determine  the  direction  of  the  main 
headings.  The  main  entries  (three  in  number)  are  driven  east 
and  west,  the  cross-entries  (in  pairs)  north  mid  south.  The  stub 
entries  from  which  the  rooms  are  turned  are  driven  at  right- 
angles  to  the  cross-entries.  The  advantages  of  the  panel  system 
are  that  each  panel  or  block  of  workings  is  surrounded  by  a  pillar 
of  coal,  and  any  squeeze  in  one  panel  is  confined,  provided  that 

*  minoisCoal.mimng  Investigations,  by  S.  O.  Andras,  Department  of  Mining 
Engineering.  University  of  Illinois,  1914.  & 
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the  pillar  is  large  enough.  Better  regulation  of  the  ventilation  is 
also  possible.  Efforts  are  seldom  made  to  extract  the  pillars, 
and  50  per  cent,  of  the  coal  is  left  in  the  ground. 

Haulage. — Electric  trolley-locomotives  are  generally  used  for 
hauling  the  coal  from  the  far  end  "  partings  "  or  sidings,  electric 
"  gathering  "  locomotives  being  used  on  the  secondary  haulage- 
roads  from  the  partings  to  the  coal-face  ;  but,  as  it  has  been  found 
in  some  of  the  mines  that  the  bad  condition  of  the  secondary  roads 
makes  the  use  of  gathering  locomotives  unprofitable,  their  use 
has  been  discontinued,  and  a  return  made  to  the  old  method  of 


Fig.  27. — The  Canton  Automatic  Mine-door  (open). 

gathering  with  mules.  That  this  was  a  wise  procedure  is  doubt- 
ful, as  it  would  probably  have  been  more  advantageous  to  main- 
tain good  haulage-roads  and  abandon  the  use  of  all  animal  power 
underground. 

The  pit  "  cars  "  (or  tubs)  usually  hold  about  3  tons  of  coal, 
which  is  built  up  above  the  sides.  The  tubs  have  end  doors,  and 
are  frequently  not  kept  in  good  repair ;  the  dropping  of  coal  along 
the  roads  delays  the  haulage  and  produces  much  coal-dust.  Figs. 
2  to  7  (Plate  III.)  illustrate  one  of  the  types  of  tub  in  use,  this 
tub  being  used  on  a   narrow-gauge  track,  which  is  unusual. 
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Shafts.— The  shafts  are  generally  sunk  in  pairs,  one  only 
being  used  for  coal-winding  purposes;  nearly  all  are  rectangular 
in  shape,  with  compartments,  and  are  lined  with  wood. 

Open  Lights.— The  lamps  used  underground  are  carried  by 
employees  on  their  caps.  The  acetylene-gas  lamp  is  becoming 
very  popular,  and  is  displacing  the  oil-lamp.  Some  officials  are 
of  the  opinion  that  danger  is  attached  to  the  use  of  this  lamp,  and 
that  if  a  quantity  of  carbide  should  be  accideu tally  dropped  on 
the  damp  or  wet  floor  at  the  face  of  a  narrow  working-place,  a 
quantity  of  gas  might  be  generated  suffirient  to  form  an°explosive 
mixture. 


Fin.  28.— A  Colliery  Surface  Plant  in  Illinois. 

Head-frames.— Figs.  8  to  19  (Plates  IY.  and  Y.)  and  Figs. 
20,  21,  and  22  in  the  text  show  a  steel  head-frame  typical^of 
modern  plants,  with  self-dumping  cage.  This  arrangement 
reduces  the  number  of  surface  hands  required  to  a  minimum  ; 
but  it  necessitates  end-door  tubs,  and  increases  the  difficulty  of 
dealing  with  the  coal-diLst  danger. 

At  some  collieries  no  one  is  employed  at  the  pit-top  except 
the  winding-engineman  and  the  men  lowering  the  railway-trucks 
under  the  shoots,  the  tubs  being  weighed  at  the  pit-bottom. 

VOL.  LXV.-I914.1915.  4     E 
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Figs.  23  to  28  in  the  text  illustrate  some  interesting  features 
in  connexion  with  coal-mining  in  Illinois. 

The  following  particulars  relate  to  the  working  of  a  seam  of 
coal  6^  feet  thick,  with  a  coal-roof  18  inches  thick,  under  a  slate 
which  varies  from  a  few  inches  to  8  feet  in  thickness.  There  are 
two  shafts,  each  385  feet  deep,  one  only  being  used  for  coal- 
winding.  The  cages  are  single-deck,  with  one  tub  on  the  deck. 
The  capacity  of  the  tubs  is  2f  to  3  tons.  The  output  per  man 
(surface  and  underground)  is  over  bh  tons  per  shift  of  8  hours. 

Average  production  per  day  (8  hours)  ...         ...         ...      3,000  tons. 

Record  output  per  day     ...         ...         ...         ...         ...      3,273    ,, 

All  the  coal  is  undercut  by  machines  of  the  chain  -breast  type. 

Number  of  machines         ...         ...         ...         ...         ...  14 

,,  machine-men  and  helpers    ...         ...         ...  44 

loaders  290  to  310 

Average  per  loader  per  day         ...         ...         ...         ...  10  tons. 

The  secondary  haulage  is  done  with  mules. 

Number  of  drivers  on  day-shift  hauling  machine-cut 

coal  ...         ...         ...         ...         ...         ...         ...  25 

Drivers  are   employed  on  the  night-shift  in  hauling  props,  timber,  moving 
machines,  cleaning  roads,  and  pulling  coal  from  the  night-shift  loaders,  some  of  the 
entries  being  worked  double  shift. 

Number  of  drivers  on  the  night-shift    ...  ...  ...  10 

,,  tracklayers  and  helpers,  day  and  night    ...  31 

, ,  timbermen  and  helpers      , ,  , ,        ...  20 

,,  switch  throwers  ,,  ,,        ...  5 

,,  trappers  ,,  ,,        ...  1 

,,  labourers  ,,  ,,        ...  40 

The  labourers  clean  roads,  work  in  air-courses,  and  remove  falls. 
Number    of    men    in    underground    electrical    shop, 

repairing  machines  and  locomotives  ...         ...  6 

Number  of  electric  locomotive-drivers  and  trip-riders  8 

,,  blacksmiths  and  helpers      ...  ...  ...  3 

,,  bit -sharpeners  ...  ...         ...         ...  2 

,,  carpenters  and  helper  ...  ..         ...  3 

All  the  tubs  are  built  at  the  colliery. 

Number  of  machinists      ...         ...         ...         ...         ...  1 

,,  engine- winders  ...         ...         ...         ...  3 

,,  firemen  or  stokers     ...         ...         ...  ■■  4 

,,  mine-foremen  ...  ..  ...         ...  1 

,,  assistant  mine-foremen        ...         ...  ...  3 

,,  night  mine-foremen  ...         ...         ...         ...  1 

, ,  deputies  or  fire  bosses  ...         ...         -  -  •  4 

,,  weighmen       ...         ...         ...         •■•         •••  1 

Price  paid  for  loading  machine-mined  coal  per  ton,  Is.  10|d.  (45i  cents). 
Price  paid  to  machine-men  and  helpers  per  ton,  4£d.  (Sh  cents). 
The  price  paid  for  loading  after  machines  is  found  to  be  high,  when  compared 
with  prices  in  other  parts  of  the  country. 

The  seam  is  level,  and  open  lights  are  used. 
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Th<  Record  Mine.— The  mine  which  holds  the  ouput  record 
for  the  State  is  the  Superior  Coal  Company's  No.  2  Mine  at 
Gillespie.  On  March  14th,  1914.  5,023  tons  were  wound  from 
one  shaft,  385  feet  deep,  in  8  hours.  Single-deck  cages  are  used, 
with  one  tub  on  the  deck  ;  the  capacity  of  the  tubs  is  •'}  tons. 
One  seam  is  worked,  the  average  thickness  of  which  is  over  7 
feet.  The  seam  is  level.  The  method  of  haulage  is  by  electric 
locomotive.  Forty-seven  coal-cutting  machines  are  in  use, 
namely,  twenty-six  Sullivan,  thirteen  Harrison,  and  eight 
Ingersoll. 

The  following  chart  shows  the  official  organization  of  some  of 
the  larger  coal-mining  companies  : 

President. 
General  Manager. 


Secretary. 

I 
Treasurer. 


General 
Superintendent. 

I 

Mine 

Superintendent. 

I 
Mine  Foremen. 

I 

Assistant 

Mine  Foremen. 

I 
Face  Boss. 


Mining 
Engineer. 


Master 
Electrician. 


Master 
Carpenter. 


Transit-  Electrician.  Mine 

men.  Carpenter. 

Machine  Boss. 
Rod  men. 


In  the  State  of  Illinois  the  mine  foreman  receives  the  title 
of  "mine  manager."  and  his  duties  are  defined  by  law;  he  is 
compelled  to  pass  an  examination.  His  superiors,  the  superin- 
tendent, general  superintendent,  and  general  manager,  are  not 
required  to  pass  an  examination  of  any  description. 

The  status  and  duties  of  the  mining  engineer  vary  with 
different  companies.  He  also  is  not  compelled  to  pass  an 
examination.  His  department  is  responsible  for  the  upkeep  of 
the  underground  plans  and  for  the  design  of  the  different 
constructions  on  the  surface.  His  duties  demand  a  knowledge 
of  surveying,  civil  and  constructional  engineering,  and  mechan- 
ical drafting. 

The  Madison  Coal  Corporation,  one  of  the  most  important 
companies  in  the  State,  issue  very  elaborate  sets  of  rules  for 
the  guidance  of  their  officials. 
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Appendices. — The  agreement  between  the  Coal-operators' 
Associations  of  Illinois  and  the  United  Mine-workers  of  America, 
which  expired  on  March  31st,  1914,  is  given  in  Appendices  I., 
II.,  and  III.  The  agreement  is  original,  and  will  no  doubt  be 
read  with  interest.* 

The  Madison  Coal  Corporation  has  also  drawn  up  rules  for 
fires,  which  are  given  in  Appendix  IV. 

The  writer  wishes  to  express  his  thanks  to  Messrs.  A.  J. 
Moorshead  (President)  and  G.  E.  Lyman  (Mining  Engineer)  of 
the  Madison  Coal  Corporation  for  special  courtesies  shown  to  him 
during  his  visit  to  the  Illinois  coal-fields. 

APPENDICES. 
APPENDIX    I. — Agreement   by   and   between   the   Illinois   Coal-operators' 
Association,  The  Coal-operators'  Association  of  the  Fifth  and  Ninth 
Districts    of    Illinois,    and    the    United    Mine-workers    of    America, 
District  No.   12,  expiring  March  31st,  1914. 

The  prices  for  pick-mined  coal,  per  ton  of  2,000  pounds,  throughout  the 
State  of  Illinois  shall  be  as  follows  :  — 

First  District. 

Dollars,     s.     d. 
Streator,    Cardiff,    Clarke    City,    Fairbury,    and    associated 

mines,  including  Toluca  Thick  Vein 0*70       2  11 

Note. — The  matter  of  the  clay-parting  at  Streator  to  be 
referred  to  sub-district  convention  for  adjustment. 

Third  Vein  and  associated  mines,  including  Third  Vein  at 
Streator,  including  24  inches  of  brushing 0-90       3     9 

Wilmington  and  associated  mines,  including  Cardiff  long- 
wall  and  Bloomington  Thin  Vein,  including  brushing  ...         ...       0-95       3  llj 

Cherry,  Bureau  County,  Middle  Vein.  (Saint  Paul  Coal 
Company)     ... 

Bloomington  Thick  Vein 

Pontiac,  including  24  inches  of  brushing       

Pontiac,  Top  Vein    ... 

Marseilles         

Morris,  longwall,  Wilmington  conditions 

Morris,  room  and  pillar     ■•• 

Seneca,  longwall  (see  local  agreement) 

Cornell,  longwall,  Third  Vein  conditions         

Cornell,  room  and  pillar 

Second  District. 
Danville,  Westville,  Grape  Creek,  and  associated  mines  in 
Vermillion  County  0-61      2     6J 

Third  District. 

Springfield,  Dawson,  and  associated  mines     ...         ...         ...  0  61T77  2  7 

Lincoln  and  Niantic  0-65       2  8J 

Colfax  0-65       2  8£ 

*  A  coal-operator  is  a  colliery-owner  or  lessee. 
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Fourth  District. 
Mines  on  C.   £   A.  south  of  Springfield,  to  and  including 
Carhnville;  including  Taylnrville,  Pana,  Tower  Hill,  Litchfield 
Hillsboro,  Witt   (Paisley),  Divernon,  Pawnee,  and  Nokomis 
Assumption,  long-wall,  including  24  inches  of  brushing 
A. sumption,  Upper  Vein,  including  24  inches  of  brushing 
Moweaqua,  room  and  pillar 

Decatur,  longwall,  present  conditions 

Decatur,  room  and  pillar 

Fifth  Di.slrirt. 
Glen    Carbon,    Belleville,    and    associated    mines,    to    and 
including  Percy,  Pinckneyville,  Willisville,  and  Nashville 
Coal  5  feet  and  under 

Sixth   District. 
Duquoin,  Odin,  Sandoval,  Centralis,  and  associated  mines 
Salem  and  Kinmundy 

,r        ,    „  Seventh  District. 

Mount  ^  eruon 

Jackson  County 

(All  coal  5  feet  and  under,  5  cents  extra  per  ton ;  this  is  not 
to  apply  to  lower  bench  nor  rolls  nor  horsebacks.) 

Lower  bench,  Jackson  County,  for  shipping  mines,  mineis 
to  carry  14  inches  of  brushing 

S a  line,  White,  and  Gallatin  County 

Williamson  and  Franklin  County  * 

Eighth  District. 
Fulton  and  Peoria  Counties,  thin  or  lower  coal  (Third  Vein 
conditions) 

Fulton  and  Peoria  Counties,  No.  5  Vein 
Astoria,  No.  5  Vein  (Fulton  and  Peoria  Counties  conditions) 
Fulton  and  Peoria  Counties,  No.  6  Vein  (with  Kewanee  and 
Ltherly  conditions,  undercutting  and  wedging  the  coal;  and  if 
they  cannot  obtain  members  of  the  U.M.W.  of  A  to  mine  the 
coal  under  these  terms  and  conditions,  it  shall  be  the  privilege 
of  the  operators  to  call  for  a  meeting  of  the  joint  executive 
boards  of  the  miners  and  operators,  and  the  said  joint  executive 
boards  shall  fix  a  rate  for  shooting  coal  in  that  seam) 

Gilchrist,  Wanlock,  Cable  Sherrard,  and  Silvis  mines  and 
Llhsville,  72  cents  (3s.)  per  ton,  with  last  year's  conditions.  In 
case  of  deficient  work,  where  miner  and  mine  manager  cannot 
agree  as  to  compensation,  the  mine  committee  shall  be  called 
in  and,  if  they  cannot  agree,  the  dispute  shall  be  carried  up 
under  Clause  13  of  the  present  scale. 
Kewanee,  Etherly,  and  Wyoming 
Pekiu,  shipping  mines  only 

Ninth  District. 
Mount  Olive,  Staunton,  Gillespie,  Clyde,  Sorento,  Coffeen, 
KI"J?'  .a"?  miues  on  the  Vandalia  line  as  far  east  as  and 
Buxton       SnUthb0r0'  and  °»  the  B.  &  0.  S.  W.  as  far  east  as 

Coal  5  feet  and  under 


Dollars. 
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Contract  Based  on  E.iisting  Mining  Lines. — (1)  This  contract  is  based 
upon  existing  mining  laws,  and  neither  party  to  the  same  shall  initiate  or 
encourage  the  passage  of  laws  that  would  iu  any  manner  affect  the  obligation 
of  this  contract  or  abrogate  any  of  the  provisions,  unless  such  proposed  laws 
be  mutually  agree  to  by  the  parties  hereto,  or  be  recommended  by  the  Mining 
Investigation  Commission  appointed  under  the  laws  of  the  State  of  Illinois, 
the  parties  hereto  agreeing  to  unite  in  securing  the  continuance  of  such 
commission  during  the  life  of  this  agreement. 

Employees  Exempted  from,  Jurisdiction  of  I.M.W.  of  A. — (2)  No  scale  of 
wages  shall  be  made  by  the  LJnited  Mine  Workers  for  mine  manager,  mine- 
manager's  assistant,  or  assistants,  not  to  exceed  three  (3)  in  Class  "A" 
mines,  top  foreman,  company  weighman,  boss  drivers,  night  boss,  head 
machinist,  head  boilermaker,  head  carpenter,  head  electrician  and  night 
watchman.  The  authority  of  the  operator  to  hire  and  discharge  may  be 
delegated  to  the  mine  manager,  top  foreman,  boss  driver,  and  night  boss.  The 
term  "  assistant  "  shall  apply  only  to  such  as  are  authorized  to  act  in  that 
capacity.  The  night  watchman  shall  be  exempt  when  employed  in  that 
capacity  only.  The  terms  "head  carpenter,"  "head  electrician"  and  "head 
machinist"  shall  apply  only  to  such  as  have  general  charge  of  carpentry, 
electrical,  or  machine  work  at  two  or  more  mines,  or  at  one  mine  and  one  or 
more  washing  plants. 

Xo  Market  Restriction. — (3)  Any  operator  paying  the  scale-rate  of  mining 
and  day  labour  under  this  agreement,  shall  at  all  times  be  at  liberty  to  load 
any  railroad-cars  whatever,  regardless  of  their  ownership,  with  coal,  and  sell 
and  deliver  such  coal  in  any  market  and  to  any  person,  firm,  or  corporation 
that  he  may  desire. 

Quality  of  Mine-run  Cual.  Pushing  Coal  by  Miners  Prohibited. — (-4)  The 
scale  of  prices  for  mining  per  ton  of  2,000  jjounds  run-of-mine  coal  herein 
provided  for,  is  understood  in  every  case  to  be  for  coal  practically  free  from 
slate,  bone,  and  other  impurities,  loaded  into  cars  at  the  face,  weighed  before 
screening,  and  the  practice  of  pushing  coal  by  the  miners  shall  be  prohibited. 

Mining  and  Shooting  to  be  According  to  State  Mining  Law. — 
(5)  (a)  Whether  the  coal  is  shot  after  being  undercut  or  sheared  by  pick  or 
machine,  or  shot  without  undercutting  or  shearing,  the  miners  must  drill  and 
blast  the  coal  in  accordance  with  the  State  Mining  Law  of  Illinois,  in  order 
to  protect  the  roof  and  timbers  and  in  the  interest  of  general  safety.  Any 
miner  who  clearly  violates  the  letter  or  spirit  of  this  paragraph  may  be 
discharged. 

(b)  The  system  of  paying  for  coal  before  screening  was  intended  to  obviate 
the  many  contentions  incident  to  the  use  of  screens,  and  was  not  intended 
to  encourage  unworkmanlike  methods  of  mining  and  blasting  coal,  or  to 
decrease  the  proportion  of  screened  lump,  and  the  operators  are  hereby 
guaranteed  the  hearty  support  and  co-operation  of  the  United  Mine  Workers 
of  America  in  disciplining  any  miner  who  from  ignorance  or  carelessness  or 
other  cause  fails  to  properly  mine,  shoot,  and  load  his  coal. 

(c)  That  all  bug-dust  or  machine-coal  cuttings,  when  practically  free  from 
impurities,  be  loaded  out  with  the  snubbings  or  other  coal,  so  as  to  produce 
a  merchantable  mine-run  coal. 

The  above  does  not  contemplate  any  change  in  the  present  method  of 
handling  bug-dust  or  machine-cuttings  in  Franklin  County,  or  other  mines 
where  it  is  necessary  to  load  same  out  before  shooting  the  coal,  as  a  protection 
against  explosions  or  fire. 
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Where  the  operator  desires  the  bug-dust  loaded  out  separately,  this  shall 
be  doue  by  the  miner  working  in  the  place  during  his  regular  shift  at  the 
regular  tonnage  price,  and  the  company  shall  furnish  car's  promptly  to  load 
same. 

(d)  Wherever  it  is  practicable,  the  miners  shall  shoot  the  coal  with  2 
pounds  of  powder  or  less.  Where  a  dispute  arises  as  to  the  practicability  of 
shooting  the  coal  with  2  pounds  of  powder,  such  dispute  shall  be  taken  up  and 
-it*  led  by  the  two  organizations,  as  provided  in  this  contract. 

(f)  It  is  hereby  agreed  that  the  cost  of  firing  shots  during  the  life  of  this 
contract  shall  not  exceed  the  cost  per  ton  for  the  same  work  during  the 
previous  contract,  except  in  so  far  as  the  5-26-per-cent.  advance  affects  it.  It 
is  understood  that  this  clause  does  not  mean  that  the  operator  can  avoid 
paying  for  the  work  actually  necessary  to  be  done  by  the  shot-firers. 

It  is  also  agreed  that  there  shall  be  no  shot-firers  in  mines  where  coal  is 
undercut  by  hand  or  machines,  except  as  mutually  agreed.     Where  conditions 

in    the    past    have    :essitated   shot-firers,    they    will    be    continued;     where 

conditions  develop    >>  that  they  are  not  necessary,  they  can  be  discontinued. 

(/)  The  shot-firers  shall  go  into  the  mine  two  hours  before  the  regular 
quitting  tic  o*  to  satisfy  themselves  by  examination  and  inspection  of  the 
-hots  to  be  fired  that  they  have  been  properly  placed  and  prepared.  When 
examining  shots,  the  shot-firers  shall  work  single;  when  firing  shots,  they 
shall  work  double. 

(g)  The  question  as  to  whether  squibs  or  fuse  shall  be  used  is  left  to  the 
discretion  of  the  mine  manager  and  the  shot-firers  in  the  respective  mines 
where  shot-firers  are  employed.  Wherever  a  dispute  arises  relative  to  the 
advisability  of  using  fuse  or  squibs,  the  same  shall  be  taken  up  under  the 
provisions  of  Section  13  hereof. 

(h)  Where  but  few  miners  are  employed,  the  operator  shall  have  the  right 
to  designate  two  practical  miners  as  shot-firers  at  the  regular  hour  rate  for 
time  actually  worked. 

(i)  The  miners  shall  continue  to  assume  all  responsibility  heretofore  resting 
upon  them  for  the  care  of  the  working-places  and  the  proper  character  and 
placing  ot  the  blasting  shots;  and  at  the  small  mines,  where  the  law  makes 
it  necessary  to  employ  an  additional  engineer,  it  will  be  the  privilege  of  the 
operator  to  put  on  a  man  to  act  as  such  engineer,  who  shall  fire,  or  watch  the 
plant,  or  do  such  other  work  as  is  now  being  done  by  the  fireman  or  nighi 
watchman  at  the  wages  of  third  engineer;  and  any  shot-firer  can  be  appointed 
bottom  bell-man,  to  bell  away  shot-firersj  and  in  case  of  wet  holes  that  will 
not  stand  if  charged  and  tamped  by  the  miners,  the  shot-firers  will  attend  to 
charging  and  tamping  the  said  holes. 

(j)  Upon  the  recommendation  of  the  Joint  Powder  Commission  provided 
for  in  paragraph  (8)  hereof,  the  Joint  Executive  Boards  shall  have  authority 
to  recommend  the  use  of  any  shot-firing  device  and  establish  the  regulations 
concerning  the  same;  or  at  its  discretion,  to  require  its  use.  It  shall  also 
have  authority  to  permit  the  use  of  any  mechanical  device  as  a  substitute  for 
explosives  in  cases  where  the  operator  and  miners  locally  can  agree  thereupon. 

Penalties  for  Loading  Impurities. —  (6)  (a)  In  case  slate,  bone,  clay, 
sulphur,  or  other  impurities  are  sent  up  with  the  coal  by  a  miner,  it  shall  be 
the  duty  of  whomever  the  company  shall  designate  as  Inspector  to  report  the 
same,  with  the  estimated  weight  thereof,  and  the  miner  or  miners  so  offending 
shall  have  such  weight  deducted  from  the  established  weight  of  the  car,  and 
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for  the  first  offence  in  any  given  month  shall  be  fined  50  cents  (2s.  Id.) ;  for  the 
second  offence  in  the  same  month  he  or  they  shall,  at  the  option  of  the 
operator,  be  fined  2  dollars  (8s.  4d.),  or  be  suspended  for  two  working  days; 
and  for  the  third,  or  any  subsequent  offence  in  the  calendar  month,  or  in 
malicious  or  aggravated  cases  for  the  first  or  any  subsequent  offence,  the 
operator  may  indefinitely  suspend  or  discharge  him. 

(b)  In  case  of  discharge  for  an  aggravated  case,  as  above,  the  Inspector 
shall  preserve  the  impurities  in  question  for  72  hours,  Sundays  and  legal 
holidays  excepted ;  in  other  cases  it  will  not  be  necessary  to  preserve  the 
impurities.  All  docks  must  be  shown  where  possible  without  restricting  the 
output  of  the  mine. 

(c)  The  company  weighman  shall  post  in  a  conspicuous  place  at  the  pit- 
head the  names  of  all  miners  dealt  with  hereunder. 

(d)  The  Inspector  designated  by  the  operator,  provided  he  does  not  perform 
any  work  for  which  a  scale  of  wages  is  jointly  made,  shall  not  be  a  member 
of  the  U.M.W.  of  A.,  and  in  the  discharge  of  the  duties  herein  specified  shall 
not  be  subject  to  the  jurisdiction  of  the  local  union  or  president  or  pit 
committee,  and  against  any  miner  or  committeeman  seeking  in  any  way  to 
embarrass  the  Inspector  in  or  because  of  the  discharge  of  such  duties,  the 
provisions  of  the  miners'  State  constitution  shall  be  invoked,  and,  in  addition, 
he  shall,  at  the  option  of  the  operator,  be  suspended  for  two  working  days. 

(e)  In  case  it  shall  be  alleged  by  either  the  local  representative  of  the 
miners,  or  by  the  operator,  that  the  Inspector  is  not  uroperly  performing  his 
duties  hereunder,  it  shall  be  so  reported  to  the  miners'  sub-district  president, 
who  shall,  within  24  hours  after  the  receipt  of  notification,  take  it  up  with 
the  superintendent  of  the  company  for  adjudication;  and,  if  it  shall  be  found 
that  the  Inspector  is  not  faithfully  performing  such  duties,  he  shall  be 
discharged  or  transferred  to  other  duties,  as  the  operator  may  elect. 

(f)  The  proceeds  of  all  fines  hereunder  shall  be  paid  to  the  miners'  sub- 
district  treasurer,  and  in  no  circumstances  shall  any  such  fines  be  remitted 
or  refunded. 

Pay-days  ami  Statements  of  Account. —  (7)  The  miners  are  to  be  paid 
twice  a  month  in  lawful  money  the  balance  due  to  them,  the  days  of  pay  to  be 
on  the  15th  for  the  last  half  of  the  previous  month,  and  on  the  30th  for  the  first 
half  of  the  current  month :  provided  that  where  the  operator  has  three  or 
more  mines  paid  from  the  same  office,  the  different  mines  may  be  paid  in 
rotation,  beginning  with  one  day  earlier  and  ending  not  more  than  one  day 
later.  In  case  the  pay-day  herein  provided  for  falls  upon  Sunday,  or  on  a 
holiday  recognized  by  the  contract,  the  men  shall  be  paid  the  day  previous. 

Statements  shall  be  issued  to  all  employees  not  later  than  the  12th  and 
27th  of  each  month  respectively.  Each  statement  shall  show  specifically  his 
account  as  it  appears  on  the  pay-roll.  No  commission  shall  be  charged  for 
cash  advanced  to  employees  between  pay-days,  and  any  cash  advances  between 
pay-days  shall  be  at  the  option  of  the  operator.  Orders  on  the  operator  shall 
be  accepted  only  at  his  option,  and  all  orders  and  statements  shall  be  non- 
negotiable,  non-transferable,  and  non-assignable,  and  shall  so  distinctly  state 
upon  their  face. 

When  an  employee  gives  the  operator  two  days'  notice  of  his  intent  to 
leave  his  employ,  he  shall  be  entitled  to  and  shall  receive  his  pay,  in  cash 
or  par  cheque,  within  a  further  period  of  48  hours :  provided  (in  case  of  a 
miner)  he  lias  left  his  place  in  proper  shape.  In  case  of  discharge,  an  employee 
shall  also  be  promptly  paid  the  amount  due  to  him. 
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No  statements  shall  be  issued  except  for  the  regular  pay-roll  period,  or 
except  in  case  of  a  m   n  leaving  his  employ,  or  of  discharge  as  aforesaid. 

In  the  absence  of  local  agreement  otherwise,  men  shall  be  paid  in  cash 
or  in  par  cheques,  according  to  the  practice  followed  at  the  various  mines 
heretofore. 

Powder  Price  <ni<l  Quality.  -(8)  The  price  for  powder  per  keg  shall  be 
|1'7S  (7a.  3fd.),  the  same  to  be  delivered  at  the  face  when  so  requested.  The 
miners  shall  purchase  their  powder  from  the  operators:  provided  that  it  be 
furnished  of  standard  grade  and  quality,  and  provided  further  that  other 
permissible  explosives  may  be  used  when  necessary  for  the  safety  of  life  and 
property — the  permissible  explosives  shall  be  furnished  at  the  same  relative 
-  black  powder,  the  interest  of  operator  and  miner  alike  considered. 
In  determining  the  powder  for  a  mine,  it  shall  be  the  purpose  to  select  powder 
which  shall  give  the  besl  results  to  miner  and  operator  alike.  A  majority 
of  the  miners  on  the  pay-roll  at  any  mine  may  tile  with  the  operator  a  written 
complaint  against  the  powder  being  furnished  by  the  operator.  Such  complaint 
must  explicitly  -tad-  the  objections  to  the  powder,  and  must  be  signed  by  a 
majority  of  the  miners.  The  operator  also  may  file  with  the  Pit  Committee 
written  notice  of  his  desire  to  change  the  powder  being  furnished,  stating 
his  reasons  therefor.  Upon  the  filing  of  either  complaint  or  notice,  as  above 
i.  a  test  shall  be  arranged  for  as  soon  as  possible,  and  such  test  shall  be 
conducted  under  written  regulations  hereinafter  provided  for,  or  the  regula- 
tions may  be  prescribed  by  the  Joint  Powder  Commission  hereinafter  provided 
for.  A  joint  State  Powder  Commission,  which  shall  serve  during  the  life  of 
this  agreement,  -hall  be  constituted,  consisting  of  six  members,  three  of  whom 
shall  lie  appointed  by  each  executive  board  respectively,  of  whom  not  lesr-  than 
one  on  each  side  shall  possess  technical  knowledge,  and  all  of  whom  shall 
possess  either  technical  or  practical  knowledge  of  the  use  of  powder  in  pro- 
ducing coal.  The  said  commission  shall  have  full  control  of  all  powder  tests 
not  settled  locally,  as  herein  provided.  The  commission  shall  be  empowered 
to  investigate  the  various  phases  of  the  powder  question,  and  may  negotiate 
with  powder  companies  for  the  establishment  of  standard  sizes  of  powe'er  and 
the  proper  branding  thereof.  It  shall  be  the  duty  of  the  commission  to 
eliminate  entirely  from  cases  of  powder  disputes  the  pait:cipation,  openly  or 
otherwise,  of  representatives  of  powder  companies,  and  shall  by  all  lawful  and 
proper  means  seek  to  secure  for  both  operators  and  miners  uniform  deliveries 
of  such  powder  as  is  selected  as  the  most  suitable  in  any  given  case. 

In  case  of  a  powder  dispute  arising  at  any  mine  as  to  the  kind  of  powder 
to  be  furnished  under  the  provisions  of  this  agreement,  the  dispute  shall  first 
be  taken  up  locally  by  the  interested  parties,  and  a  local  test  made  in  order  to 
determine  whether  the  powder  used  or  desired  by  either  operator  or  miners 
is  best  suited  or  adapted  for  use  at  the  mine  where  the  dispute  arises.  The 
local  test  shall  be  made  in  accordance  with  the  following  rules  and  regulations 
as  nearly  as  possible,  and  shall  cover  a  sufficient  time  and  tonnage  to  give  the 
different  powders  tested  a  fair  chance  to  determine  their  respective  value.  The 
powder  to  be  tested  shall  be  agreed  upon  by  both  parties  to  the  controversy 
as  being  in  the  judgment  of  each  best  suited  for  use  in  the  mine  where  the 
dispute  arises,  the  interests  of  operator  and  miner  alike  considered.  The 
kind  of  powder  giving  the  best  results  in  the  opinion  of  the  parties  making 
the  test  shall  be  the  powder  used  in  the  mine  during  the  life  of  the  contract, 
unless  otherwise  directed  by  law,  or  unless  a  radical  change  occurs  in  the 
character  or  conditions  of  the  coal-seam,  or  unless  a  change  of  powder  is 
mutually  agreeable  to  both  parties. 
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Rules. — Iu  the  conducting  of  any  local  tests  the  following  rules  shall  be 
observed  and  enforced,  to  wit  :  — 

(1)  Six  members  shall  constitute  the  committee  or  commission  for  making 
any  local  tests,  unless  otherwise  specifically  agreed  to  by  both  the  operator 
and  the  miners;  the  said  committee  or  commission  to  be  composed  of  three 
miners  selected  and  authorized  to  represent  the  local  and  three  men  to  likewise 
represent  the  operator.  In  case  of  additional  members  participating  in  any 
local  test,  each  side  shall  have  equal  representation. 

(2)  The  drilling  of  all  holes  shall  be  under  the  direct  supervision  of  one 
miner  and  one  operator,  member  of  the  committee  or  commission,  during 
the  conducting  of  any  test. 

(3)  One  miner  and  oue  operator,  members  of  this  committee  or  commission, 
shall  prepare  all  cartridges  and  keep  a  record  of  the  measurements  and  weights 
of  the  same,  the  results  of  the  shots  to  be  figured  by  weights  of  the  powder 
used  and  the  condition  of  the  coal  after  being  shot  as  a  basis. 

iii  In  no  case  -hall  the  members  of  the  committee  or  commission  who 
drill  or  supervise  the  drilling  of  the  holes  have  any  knowledge  of  the  powder 
to  be  used,  or  that  has  been  used,  until  after  the  shot>  have  been  exploded. 

(5)  The  members  of  the  committee  or  commission  shall  tamp  and  fire,  or 
have  direct  supervision  of  the  tamping  and  firing  of,  all  shots  during  any  test. 

(6)  A  record  shall  be  kept,  giving  the  measurements  of  the  face,  the 
number  of  -hots  fired,  the  amount  and  kind  of  powder  used,  together  with  the 
comparative  condition  of  the  place  and   shots. 

7  111'  holes  chilled  -hall  be  measured  and  inspected,  when  possible,  by 
all  members  of  the  committee  or  commission,  and  shall  be  placed  as  nearly  as 
possible  in  the  same  direction  and  depth,  in  order  to  ensure  as  nearly  as 
possible  similar  conditions  and  chances  for  the  different  grains  or  brands  of 
]Ki\\  ler  to  be  tested. 

(8)  In  judging  the  results  obtained  from  any  test,  the  interests  of  the 
miner  and  operator  alike  shall  be  considered,  and,  if  required  by  either  party, 
a  record  of  the  tons  of  coal  produced  aud  the  quality  of  the  same  shall  be  kept. 

(9)  The  committee  or  commission  -hall  have  the  right  to  require  the 
sealing  of  any  or  all  full  or  part  kegs  of  powder  in  the  mines  during  the 
conducting  of  any  test,  and  may  adopt  any  other  rule  or  method  to  ensure 
that  no  other  powder  than  the  powder  used  by  the  committee  or  commission 
will  count  or  figure  in  the  results  obtained  by  any  test  made  by  them. 

i  HM  The  committee  or  commission  shall  eliminate  entirely  the  participa- 
tion openly  or  otherwise,  of  men  who  are  directly  or  indirectly  representatives 
of  any  powder  or  powder  company.  In  the  event  of  a  powder  dispute  arising, 
and  the  failure  of  either  side  to  appoint  its  members  of  the  committee  or 
commission  herein  provided  for  within  -even  days  after  the  complaint  is  filed, 
the  State  president  of  the  organization  failing  to  appoint  its  members  locally 
shall  make  the  appointment  thereof  promptly,  and  the  committee  or  com- 
mission  so  appointed  shall  proceed  with  the  test  as  herein  ]3i'ovided. 

Iu  case  the  committee  or  commission  fails  to  agree  after  a  test  has  been 
made  locally,  as  herein  provided,  the  said  Joint  Powder  Commission  shall 
assume  jurisdiction,  and  the  whole  data  and  records  of  the  test  shall  be 
submitted  to  and  reviewed  by  it,  and  if  all  the  conditions  as  above  have  been 
observed  in  conducting  the  test,  it  shall  take  the  matter  up  for  final  decision, 
with  power  to  make  any  further  test  that  it  may  deem  necessary.  It  is 
understood  and  agreed  that  all  the  requirements  of  a  local  test  as  above  must 
be  complied  with  before  the  case  can  properly  come  before  the  Joint  Powder 
Commission. 
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The  said  commission  may  investigate  shot-firing  devices,  the  merits  of 
explosives  other  than  powder,  and  the  use  of  other  mechanical  agents  than 
explosives  for  the  production  of  coal,  and  make  recommendations  to  the  two 
organizations  concerning  the  same. 

It  is  understood  that  the  question  of  package  or  kegs  in  which  the 
powdc  ,s  slapped  shall  he  considered  in  the  same  way  as  the  powder  itself 
Also  that  the  Joint  Powder  Commission  will  have  access  to  the  powder- 
magazine  at  all  times  where  disputes  arise.  That  no  new  shipments  of  powder 
be  stored  on  top  of  powder  on  hand,  it  being  the  intention  to  use  the  powder 
in  the  order  in  which  it  is  received  at  the  mine. 

Bhtcksmithing.-(9)  The  price  for  blacksmithiug  for  pick-mining  shall  be 
six-tenths  of  a  cent  (T\d.)  per  ton  for  room-and-pillar  work,  and  twelve  and 
one-half  cents  (6*d.)  per  pay  per  man,  or  twentv-five  cents  (Is  O^d  )  per 
month  for  longwall  work.  Sharpening  and  drawing  out  picks,  putting 
button  or  sumper  on  scraper,  straightening  or  welding  or  refacing  tamper 
when  battered  up.  drawing  out  wedge,  or  fixing  sockets  when  broken  shall 
be  considered  a  part  of  blacksmithing  without  extra  charge. 

Oil.  (10)  It  is  understood  that  there  is  no  agreement  as  to  the  price  of 
oil.  ' 

Inside    Dan-wage    Scale.— (11)  The    inside    day-wage    scale    shall    be    as 

\  -  :  — 

Mine  examiners  to  be  advanced  5-26  per  cent,  s    d' 

Tracklayers      ■" 

Tracklayers'  helpers  

Trappers 

Bottom    cagers 

Drivers 

Trip-riders  and  grippers 

Water-haulers  and  machine-haulers 

Timbermen,  where  such  are  employed 

Pipemen,  for  compressed-air  plants 

Brushers  in  longwall   mines,  Third  Vein  and   Wilmington 
fields,  Northern   Illinois  2-84     11  10 

Other  company   men  in  longwall   mines  of  Third  Vein  and 
Wilmington  fields.  Northern  Illinois 

Shot-firers,  per  hour 

All  other  inside  day  labour 

Provided  that  all  classes  of  underground  day  labour,  not  specified  above, 
whose  rates  have  been  fixed  locally,  shall  be  advanced  5-26  per  cent. 

Definition  of  Eight-hour  Dag  for  Miners.— (12)  (a)  The  above  scale  o* 
mining  prices  is  based  upon  an  8-hour  working  day,  and  it  is  definitely 
understood  that  this  shall  mean  8  hours'  work  at  the  face,  exclusive  of  noon 
time,  6  days  a  week,  or  48  hours  in  the  week,  provided  the  operator  desires 
the  mine  to  work,  and  no  local  ruling  shall  in  any  way  affect  this  agreement, 
or  impose  conditions  affecting  the  same. 

Overtime  for  Day  Labour.— (b)  Any  class  of  day  labour  may  be  paid,  at  the 
option  of  the  operator,  for  the  number  of  hours  and  fractions  thereof  actually 
worked  at  an  hour-rate  based  on  one-eighth  of  the  scale-rate  per  day.  Pro- 
vided, however,  that  when  the  men  go  into  the  mine  in  the  morning  they  shall 
be  entitled  to  two  hours'  pay  whether  the  mine  hoists  coal  for  two  hours  or  not, 


2-84 

11 

10 

2-62 

10 

11 

125 

5 

2i 

2-84 

11 

10 

2-84 

11 

10 

2-84 

11 

10 

2-84 

11 

10 

2-84 

11 

10 

2-78 

11 

7 

2-62 

10 

11 

0-589 

2 

5 

262 

10 

11 

60  COAL-MINING    IX   THE    STATE  OF   ILLINOIS. 

except  in  the  event  that  they  voluntarily  leave  their  work  during  this  time 
without  the  consent  of  the  operator,  they  shall  forfeit  such  two  hours'  pay. 
Provided,  further,  that  overtime  by  day-labourers,  when  necessary  to  supply 
railroad  shoots  with  coal  by  night  cr  Sunday,  where  no  regular  men  therefor 
are  exclusively  employed,  or  when  necessary  in  order  not  to  impede  the 
operation  of  the  mine  the  day  following,  and  for  work  which  cannot  be 
performed  or  completed  by  the  regular  shift  during  regular  hours  without 
impeding  the  operation  of  the  mine,  may  be  performed  and  paid  for  at  the 
same  rate  per  hour. 

Duties  and  Limitations  of  Pit  Committee.  Adjustment  of  Disputes  and 
Grievances. — (13)  (a)  The  duties  of  the  Pit  Committee  shall  be  confined  to  the 
adjustment  of  disputes  between  the  pit-boss  and  any  of  the  members  of  the 
United  Mine  Workers  of  America  working  in  and  around  the  mine,  for  whom 
a  scale  is  made,  arising  out  of  this  agreement,  or  any  sub-district  agreement 
made  in  connexion  herewith,  where  the  pit-boss  and  said  miner,  or  mine 
labourer,  have  failed  to  agree. 

(b)  In  case  of  any  local  trouble  arising  at  any  shaft  through  such  failure 
to   agree   between   the   pit-boss    and    any   miner   or    mine    labourer,    the    Pit 
Committee  and  the  miners'  local  president  and  the  pit-boss  are  empowered 
to  adjust  it ;    and,  in  case  of  their  disagreement,  it  shall  be  referred  to  the 
superintendent  of  the  company  and  the  miners'  president  of  the  sub-district; 
and,   should   they   fail   to   adjust   it,   it   shall   be   referred   in    writing  to   the 
officers  of  the  association  and  commission  concerned,   and  the  State  officials 
of  the  U.M.W.  of  A.  for  adjustment.    In  case  any  such  issue  shall  be  referred 
to  the  said  officers  of  the  association  and  commission  and  State  officials,  each 
side    to    the    controversy    shall    present    to    them,    in    writing,    the    question 
involved,  and  separately  the  alleged  essential  facts  in  the  case,  together  with 
the  names  of  witnesses  to  substantiate  the  same.    In  a  case  so  referred,  it  shall 
be  taken  up  by  the  representatives  of  the  said  officers  of  the  association  and 
commission  and  the  said  State  officers  jointly,  who   shall  thereupon  give   a 
hearing  to  the  local  representatives  of  the  respective  parties  to  the  dispute, 
and  to  such  witnesses   mentioned,   as  the  representatives  of  either  side  may 
produce.     After  hearing  the  testimony  and  arguments,  the  said  representatives 
shall  retire  and  consider  the  case,  and  shall  within  a  reasonable  time  render 
their  decision  in  writing,  if  one  is  reached.     Should  uo  agreement  be  thus 
reached,  the  said  representatives  shall  endeavour  to  agree  in  writing  as  to  the 
essential  facts  governing  the  case,  and  if  they  cannot,  shall  state  in  writing 
such  facts  as  are  agreed  upon,  together  with  such  questions  of  fact  as  are  in 
dispute,  and  in  addition,  the  respective  reasons  for  failing  to  reach  a  decision. 
Neither    party    to    a    controversy    shall   have    the   right    to    appeal    from 
any  joint  decision  reached  in  accordance  herewith,  but  such  decision  may  be 
set  aside  by  joint  action  of  the  two  Executive  Boards,  and  either  Executive 
Board  may  require  a  review  of  a   decision  by  the  Joint  Executive  Boards, 
and  if  not  set  aside  when  so  reviewed,  either  Executive  Board  may  protest 
against  it  as   a   precedent.     Decisions  reached   in  accordance  herewith  shall 
govern  like  cases  during  the  life  of  the  contract,  or  future  contracts,  with  like 
provisions,  unless  otherwise  stipulated  in  writing  in  the  decision,  or  except 
as  protested  as  herein  provided.     In  case  no  decision  of  a  case  is  reached,  as 
last   above  provided,  the  dispute  shall  either  be  referred  in  writing  to  the 
Joint  Executive  Boards  for  adjustment   or  be  submitted  to   arbitration.     In 
the  event  that   the  Joint  Executive  Boards  shall   disagree,  the  dispute  shall 
be    submitted    to    arbitration  :     provided,    however,    that    in    matters    which 


COAL-MINING    IN    THE   STATE  OF    ILLINOIS. 


fil 


vitally  affect  the  interest  of  either  organization,  or  vitally  affect  the 
interpretation  of  the  contract,  the  dispute  shall  be  submitted  to  arbitration 
only  at  the  discretion  of  the  Joint  Executive  Board. 

The  method  for  arbitrating  disputed  hereunder  shall  be  provided  by 
the  Joint  Executive  Boards,  which  shall  secure  prompt  rendering  of  decisions 
in  accordance  with  the  facts  presented. 

The  intent  of  the  foregoing  is  to  obviate  the  necessity  of  independent 
action  by  either  party,  and  to  avoid  the  delay  in  disposing  of  disputes 
existing  in   the   past. 

N.i  decision  reached  hereunder  by  the  authorized  representatives  of  the 
two  organizations  shall  be  reviewed,  modified,  or  set  aside,  except  as 
provided  herein. 

The  officers  of  the  respective  organizations  may,  from  time  to  time, 
jointly  prescribe  the  forms  and  procedures  for  the  trial  of  cases  under  the 
foregoing  provision,  the  same  not  to  be  inconsistent  herewith. 

In  all  cases  of  dispute  the  miners  and  mine  labourers  and  all  parties 
involved  shall  continue  at  work,  pending  a  trial  and  adjustment,  until  a 
final  decision  is  reached  under  the  provisions  herein  set  forth. 

When  Day-men  are  to  be  Furnished  by  Pit  Committee. — (c)  If  any  day- 
men refuse  to  continue  at  work  because  of  a  grievance  which  has  or  has  not 
been  taken  up  for  adjustment  in  the  manner  provided  herein,  and  such 
action  shall  seem  likely  to  impede  the  operation  of  the  mine,  the  Pit 
Committee  shall  immediately  furnish  a  man  or  men  to  take  such  vacant  place 
or  places,  at  the  scale-rate,  in  order  that  the  mine  may  continue  at  work ; 
and  it  shall  be  the  duty  of  any  member  or  members  of  the  United  Mine 
Workers,  who  may  be  called  upon  by  the  pit-boss,  or  Pit  Committee,  to 
immediately  take  the  place  or  places  assigned  to  him  or  them  in  pursuance 
hereof. 

Duties  and  Limitations  of  Pit  Committee. — (d)  The  Pit  Committee,  in  the 
discharge  of  its  duties,  shall  iu  no  circumstances  go  round  the  mine 
for  any  cause  whatever,  unless  called  upon  by  the  pit-boss,  or  by  a 
miner  or  company  man  who  may  have  a  grievance  that  he  cannot 
settle  with  the  boss;  and,  as  its  duties  are  confined  to  the 
adjustment  of  any  such  grievances,  it  is  understood  that  its  members 
shall  not  draw  any  compensation  except  while  actively  engaged  in  the 
discharge  of  the  said  duties.  Any  Pit  Committeeman  who  shall  attempt  to 
execute  any  local  rule  or  proceeding  in  conflict  with  any  provision  of  this 
contract,  or  any  other  made  in  pursuance  hereof,  or  who  shall  fail  to  advise 
against  any  shut-down  of  the  mine  in  violation  of  the  contract,  shall  be 
forthwith  deposed  as  committeeman.  The  foregoing  shall  not  be  construed 
to  prohibit  the  Pit  Committee  from  looking  after  the  matter  of  membership 
dues  and  initiations  in  pny  proper  manner. 

(e)  Members  of  the  Pit  Committee  employed  as  day-men  shall  not  leave 
their  places  of  duty  during  working  hours,  except  by  permission  of  the 
operator,  or  in  cases  involving  the  stoppage  of  the  mine. 

Right  to  Hire  and  Discharge. — (/)  The  right  to  hire  and  discharge,  the 
management  of  the  mine,  and  the  direction  of  the  working  force  are 
vested  exclusively  in  the  operator,  and  the  U.M.W.  of  A.  shall  not  abridge 
this  right.  It  is  not  the  intention  of  this  provision  to  encourage  the  dis- 
charge of  employees  or  the  refusal  of  employment  to  applicants  because  of 
personal   prejudice  or  activity    in   matters  affecting  the   U.M.W.   of  A.       If 
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any  employee  shall  be  suspended  or  discharged  by  the  company,  and  it  is 
claimed  that  an  injustice  has  been  done  him,  an  investigation  to  be  conducted 
by  the  parties  and  in  the  manner  set  forth  in  paragraphs  (a)  and  (b)  of 
this  section  shall  be  taken  up  promptly;  and  if  it  is  proven  that 
an  injustice  has  been  done,  the  operator  shall  reinstate  the  said  employee, 
and  when  so  reinstated  such  employee  shall  receive  as  compensation  during 
the  period  of  his  suspension  or  discharge  a  sum  not  exceeding  $284 
(lis.  lOd.)  per  day  for  the  time  during  which  the  mine  operated.  In  such 
cases  where  he  was  employed  as  a  day-labourer,  if  as  such  day-labourer  his 
regular  scale-wage  was  less  than  §2'84  per  day,  he  shall  be  compensated  at 
the  scale-rate  provided  for  in  this  agreement  for  his  regular  employment. 
Provided,  however,  that  should  the  adjudication  of  the  case  be  delayed  by 
any  act  of  the  miners  or  their  officials,  then  the  company  shall  not  be  respons- 
ible for  more  than  ten  days'  compensation.  Provided,  further,  that  the 
employer  shall  have  the  option  of  permitting  the  accused  to  continue  at  work, 
or  in  ca-e  of  discharge  or  suspension  to  put  him  back  to  work,  pendiug 
the  investigation  as  provided  for  in  paragraphs  (a)  and  (b)  of  this  section. 
And  it  is  further  agreed  that  the  taking  up  and  investigation  of  discharge 
cases  shall  have  precedence  over  all  other  cases  except  shut-downs. 

(g)  It  is  understood  and  agreed  that  there  shall  be  no  more  than  three 
members  on  the  Pit  Committee  at  any  one  mine,  except  that  where  the 
operator  gives  the  night  boss  the  right  to  hire  and  discharge,  the  miners  may 
select  an  additional  committeeman  to  represent  them  on  the  night-shift. 
The  regular  term  of  the  Pit  Committee  shall  be  one  year,  unless  deposed  in 
accordance  with  the  agreement. 

Outside  Day-wage  Scale. — (14)  The  scale  of  wages  uow  being  paid  for 
outside  day  labour  at  the  various  mines  in  this  State,  plus  the  526-per-cent. 
advance,  shall  be  the  wage-scale  for  that  class  of  labour  during  the  life  of 
this  agreement,  with  a  minimum  of  $2*249  (9s.  4Jd.)  per  day.  Firemen  shall 
receive  $262  (10s.  lid.). 

Fatal  Accidents  ami  Funerals. — (15)  (a)  In  the  event  of  an  instantaneous 
death  by  accident  in  the  mine,  the  miners  and  underground  employees  shall 
have  the  privilege  of  discontinuing  work  for  the  remainder  of  the  day : 
but  work,  at  the  option  of  the  operator,  shall  be  resumed  the  day  following 
and  continue  thereafter.  In  case  the  operator  elects  to  operate  the  mine 
on  the  day  of  the  funeral  of  the  deceased,  as  above,  or  where  death  has 
resulted  from  an  accident  in  the  mine,  the  individual  miners  and  under- 
ground employees  may,  at  their  option,  absent  themselves  from  work  for 
the  purpose  of  attending  such  funeral,  but  not  otherwise.  And  whether 
attending  such  funeral  or  not,  each  member  of  the  C.M.W.  of  A.  employed 
at  the  mine  at  wThich  deceased  was  employed,  shall  contribute  50  cent.s 
(2s.  Id.),  and  the  operator  S25  (£5  4s.  2d.)  for  the  benefit  of  the  family 
of  the  deceased,  or  his  legal  representatives,  to  be  collected  through  the 
office  of  the  company.  Iu  the  event  that  the  mines  are  thrown  idle  on 
account  of  the  miners'  or  other  employees'  failure  to  report  for  work  in  the 
time  intervening  between  the  time  of  the  accident  and  the  funeral,  or  on 
the  day  of  the  funeral,  then  the  company  shall  not  be  called  iipon  for  the  pay- 
ment of  the  S25  above  referred  to.  In  case  the  mine  is  so  thrown  idle  on 
the  said  intervening  day,  employees  absenting  themselves  from  work  shall  be 
dealt  with  the  same  as  when  a  mine  is  thrown  idle  without  the  consent 
of  the  operator,  other  than  in  order  to  enforce  a  demand  in  violation  of  the 
contract. 
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Except  in  case  of  fatal  accidents  as  above,  the  mine  -hall  in  no  case  be 
thrown  [die  because  of  any  death  or  funeral,  bul  in  case  of  the  deatli  of 
any  employee  of  the  company  or  member  of  his  family  any  individual 
miner  may  at  hi-  option  absent  himself  from  work  for  the  purpose  of 
attending   such    funeral,    but    not    otherwise. 

(b)  Any  employee  absenting  himself  from  work  ostensibly  to  attend  the 
funeral  of  an  employee,  member  of  his  family,  or  some  one  else,  and  who 
does  qo1  attend  such  funeral,  shall  lie  lined  $250  (10s.  5d.).  When  any  mine 
is  thrown  idle  for  any  funeral,  pursuant  to  the  action  of  the  miners'  local 
organization  or  (.Hirer-,  or  because  of  a  tacit  understanding  to  that  effect, 
each  employee  idle  because  thereof  shall  be  fined  .'>2'50.  The  proceeds  of  the 
-aid  1 2' 50  fines  shall  sjo  either  to  the  family  of  the  deceased  or  to  the  Widows' 
and  Orphans'    Pund,  a-  may   lie  jointly  agreed  upon  locally. 

Responsibility  for  Timbering  and  Deadwork. — (16)  (a)  The  scale  of  prices 
herein  provided  shall  include,  under  ordinary  conditions,  the  work  required  to 
load  coal  and  properly  timber  the  working-places  in  the  mine,  and  the  operator 
shall  be  required  to  furnish  the  necessary  props  and  timber  in  rooms  or 
working-face.  And  in  longwall  mines  it  shall  include  the  proper  mining  of 
the  coal  and  the  brushing  and  care  of  the  working-places  and  roadway, 
according  to  the  present  method  and  rules  relating  thereto,  which  shall 
continue   unchanged. 

i'»i  If  any  miner  shall  fail  to  properly  timber,  shoot,  and  care  for  his 
working-place,  and  such  failure  has  entailed  falls  of  slate,  rock,  and  the  like, 
the  miner  whose  fault  has  occasioned  such  damage  shall  repair  the  same 
without  compensation,  and  if  such  miner  fails  to  repair  such  damage  he  may 
be  discharged. 

Any  dispute  that  may  arise  as  to  the  responsibility,  under  this  clause, 
shall  be  adjusted  by  the  Pit  Committee  and  mine  foreman,  and  in  case  of 
their  failure  to  agree,  shall  be  taken  up  for  settlement  under  Section  13 
of  this  agreement. 

In  cases  where  the  mine  manager  directs  the  placing  of  cross-bars  to 
permanently  secure  the  roadway,  then,  and  in  such  cases  only,  the  miner 
shall  be  paid  at  the  current  price  for  each  cross-bar  when  properly  set. 

The  above  does  not  contemplate  any  change  from  the  ordinary  method 
of  timbering  by  the  miner  for  his  own  safety. 

Check-off. — (17)  The  operators  will  recognize  the  Pit  Committee  in  the 
discharge  of  its  duties  as  herein  specified,  but  not  otherwise,  and  agree  to  check 
off  union  dues,  assessments,  and  fines  from  the  miners  and  mine  labourers, 
when  desired,  on  proper  individual  or  collective  continuous  order.  It  is 
understood  that  after  the  pit  expenses  for  powder,  smithing,  and  a  proper 
proportion  of  mine  tools,  the  operator  will  give  preference  to  the  ordinary 
dues  and  assessments;  and  also  not  to  exceed  $5  (£1  0s.  lOd.)  in  any  one  pay 
for  fines  and  initiation  fee,  unless  by  special  agreement  with  the  operator 
concerned.  The  operator  will  furnish  to  the  miners'  local  representative  a 
statement  showing  separately  the  total  amount  of  dues,  assessments,  and 
fines  collected,  and  furnish  to  the  miners'  local  representative  a  statement 
showing  in  detail  those  whose  dues  and  assessments  have  not  been  collected, 
and  the  means  of  ascertaining  that  the  total  amount  collected  is  correct. 
When  such  collections  are  made,  card  day  shall  be  abolished.  In  case  any 
fine  is  imposed,  the  propriety  of  which  is  questioned,  the  amount  of  such  fine 
shall  be  withheld  by  the  operator  until  the  question  has  been  taken  up  for 
adjustment  and  a  decision  has  been  reached. 
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Emergency  Work  and  Ordinary  Repairs. —  (18)  The  operators  shall  have 
the  right  in  eases  of  emergency  work  or  ordinary  repairs  to  the  plant  to  employ 
in  connexion  therewith  such  men  as,  in  their  judgment,  are  best  acquaintei 
with  and  suited  to  the  work  to  be  performed,  except  where  men  are  per- 
manently employed  for  such  work.  Blacksmiths  and  other  skilled  labour  shall 
make  any  necessary  repairs  to  machinery  and  boilers. 

Const  ruction  and  Extensive  Repairs. —  (.19)  The  erection  of  keadframes, 
buildings,  scale  machinery,  railroad  switches,  etc.,  necessary  for  the  completion 
of  a  plant  to  hoist  coal,  all  being  in  the  nature  of  construction  work,  are  to  be 
excluded  from  the  jurisdiction  of  the  United  Mine  Workers  of  America. 
Extensive  repairs  to,  or  rebuilding  the  same  class  of  work,  shall  also  be 
included  in  the  same  exception.  The  employees  thereon  to  be  excluded  as 
above,  when  employed  on  such  work  only. 

Penalties. — (20)  (a)  When  any  employee  absents  himself  from  his  work 
for  a  period  of  two  days  without  the  consent  of  the  company,  other  than 
because  of  proven  sickness,  he  may  be  discharged. 

(b)  Any  employee  or  employees  guilty  of  throwing  a  mine  idle  or  of 
materially  reducing  the  output  of  a  mine,  by  failure  to  continue  at  work  in 
accordance  with  the  provisions  of  this  agreement,  for  the  purpose  of  enforcing 
some  demand  in  violation  of  this  agreement,  or  of  enforcing  a  decision  of  some 
case  in  dispute  by  methods  other  than  as  provided  for  herein,  shall  be  fined 
$5  (£1  0s.  lOd.)  each.  For  the  same  offence,  other  than  to  enforce  such  demand 
or  such  decision,  he  or  they  shall  be  fined  $1  (4s.  2d.)  each  for  each  day  so  idle. 

(c)  Any  operator  who  shall  lock  out  all  or  any  material  part  of  his 
employees  in  order  to  enforce  some  condition  in  violation  of  this  agreement 
shall  be  fined  $100  (£20  16s.  8d.). 

(d)  All  fines  collected  as  above  shall  be  paid,  one-half  to  the  State 
treasurer  of  the  U.M.W.  of  A.,  and  one-half  to  the  secretary -treasurer  of 
the  Coal-operators'  Association  concerned,  and  in  no  circumstances  shall  any 
fines  so  collected  be  refunded  except  when  mutually  agreed  upon  by  the  two 
organizations. 

Machine  Differential. — (21)  (a)  Exce])t  at  Danville,  where  the  differential 
shall  be  10  cents  (od.)  per  ton,  the  differential  for  machine-mining  throughout 
the  State  of  Illinois  shall  be  7  cents  (3£d.)  per  ton  less  than  the  pick-mining 
rate :  it  being  understood  and  agreed  that  the  machine-mining  rate  shall 
include  the  snubbing  of  coal  either  by  powder  or  by  wedge  and  sledge,  as 
conditions  may  warrant,  where  a  chain-machine  is  used;  but  it  is  understood 
that  this  condition  shall  not  apply  where  two  men  have,  and  work  in,  one 
place  only  in  the  same  shift,  except  at  the  option  of  the  miner ;  and  it  shall 
also  be  optional  with  the  miner  which  system  of  snubbing  shall  be  followed. 
The  division  of  the  machine-mining  rate  shall  be  fixed  in  joint  local  or  joint 
sub-district  meeting. 

Shearing  Machine  and  Air  or  Electric  Drills. — (b)  The  established  rates 
on  shearing  machines  and  air  or  electric  drills,  as  now  existing  locally,  shall 
remain  unchanged  for  the  ensuing  term  of  this  contract,  and  in  other  mines 
the  matter  of  a  scale  for  shooting  off  the  solid  with  air  or  electric  drills  shall 
be  taken  up  if  desired  by  any  operator  without  any  prejudice  or  influence  from 
what  has  been  done  or  said  heretofore. 

Rules  for  Use  of  Cage  by  Employees. — (22)  Any  underground  employee  not 
on  hand,  so  as  to  go  down  to  his  work  before  the  hour  for  commencing  work, 
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shall  not  be  entitled  to  go  below  excepl  at  the  convenience  of  the  company. 
When  an  employee  is  sick  or  injured,  he  shall  be  given  a  cage  at  once.  When 
a  cage-load  of  men  comes  to  the  bottom  of  the  shaft,  who  have  been  prevented 
from  working  by  reason  of  falls  or  other  things  over  which  they  have  no 
control,  they  shall  be  given  a  cage  at  once.  For  the  accommodation  of 
individual  employees,  less  than  a  cage-load,  who  have  been  prevented  from 
working  as  above,  a  cage  shall  be  run  mid-forenoon,  noon,  and  mid-afternoon 
of  each  working  day:  provided,  however,  that  the  foregoing  shall  not  be 
permitted  to  enable  men  to  leave  their  work  for  other  than  the  reasons  stated 
above. 

Shaft-sinking.— (23)  The  scale  for  sinkers  shall  be  §3-378  (Us.  Id.)  and  for 
shift-leaders  S3' 747  (15s.  7id.)  per  day. 

The  scale  for  top  men  handling  dirt  at  sinking  mines  shall  be  the  same  as 
that  of  dumpers  or  top  men  in  the  sub-district  in  which  the  mine  is  being 
sunk. 

The  word  "sinker"  shall  mean  a  man  who  drills,  fires,  digs,  or  loads  the 
refuse  on  a  shift  in  the  shaft  until  the  door-heads  are  in,  when  the  sinking 
in  question  shall  be  considered  finished.  By  that  is  meant  the  completely- 
finished  shaft  to  the  bottom  of  the  sump. 

Repairing  or  retimbering  shafts  shall  not  be  construed  as  sinking,  unless 
more  than  two  sets  of  timbers  are  needed  for  such  repairs  within  any  fifteen 
days.     Replacing  guides  or  buntons  shall  not  come  under  sinkers'  wages. 

Definition  of  Eight-hour  Day  for  Day  Labour. — (24)  (a)  All  classes  of  day 
labour  are  to  work  full  8  hours,  and  the  going  to  and  coming  from  the 
respective  working-places  is  to  be  done  in  their  own  time.  All  company  men 
shall  perform  whatever  day  labour  the  foreman  may  direct.  An  8-hour  day 
means  8  hours'  work  at  the  usual  working-places,  exclusive  of  noontime  for 
all  classes  of  day  labour.  This  shall  be  exclusive  of  the  time  required  to 
reach  such  working-places  in  the  morning  and  to  depart  from  the  same  at 
night. 

Drivers — Rules  to  Govern. — (b)  Drivers  shall  take  their  mules  to  and  from 
the  stables,  and  the  time  required  in  so  doing  shall  not  include  any  part  of  the 
day's  labour  :  their  time  beginning  when  they  reach  the  change  at  which  they 
receive  empty  cars — that  is,  the  parting  drivers  at  the  shaft-bottom  and  the 
inside  drivers  at  the  parting — and  ending  at  the  same  places;  but  in  no  case 
shall  a  driver's  time  be  docked  while  he  is  waiting  for  such  cars  at  the 
points  named.  The  inside  drivers,  at  their  option,  may  either  walk  to  and 
from  their  parting  or  take  with  them,  without  compensation,  either  loaded 
or  empty  cars,  to  enable  them  to  ride.  This  provision,  however,  shall  not 
prevent  the  inside  drivers  from  bringing  to  and  taking  from  the  bottom 
regular  trips,  if  so  directed  by  the  operator,  provided  such  work  is  done  within 
the  8  hours. 

Harnessing  and  Unharnessing  Mules. — (c)  The  methods  at  present  exist- 
ing covering  the  harnessing,  unharnessing,  feeding,  and  caring  for  the  mules, 
shall  be  continued  throughout  the  life  of  this  agreement. 

Yardage  and  Deadwork. —  (25)  All  yardage  and  deadwork  on  which  a 
scale  has  been  established  shall  be  advanced  526  per  cent. 

Operators  to  Keep  Places  as  Dry  as  Practicable. — (26)  (a)  The  company 
shall  keep  the  mine  in  as  dry  a  condition  as  practicable  by  keeping  the  water 
off  the  road  and  out  of  the  working-places.     When  a  miner  has  to  leave  his 
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working-place  on  account  of  water,  through  the  neglect  of  the  company,  they 
shall  employ  the  said  miner  oil  company  work  when  practicable,  and  provided 
that  the  said  miner  is  competent  to  do  such  work,  or  he  will  be  given  another 
working-place,  equal  to  the  average  place  of  the  mine,  until  such  water  is 
taken  out  of  his  place. 

Where  Track  is  Laid  by  Operator. — (b)  All  permanent  metal  track  shall 
be  laid  by  the  company,  and  when  a  miner  has  to  leave  his  working-place  on 
account  of  such  track  not  being  laid  through  the  neglect  of  the  company, 
it  shall  employ  the  said  miner  on  company  work  when  practicable,  provided 
that  the  said  miner  is  comjietent  to  do  such  work,  or  he  shall  be  given  another 
place  equal  to  the  average  of  the  mine  until  such  time  as  such  track  is  laid 
in  his  place. 

Ambulances,  Bandages,  etc. — (27)  The  operators  shall  keep  sufficient 
blankets,  oil,  bandages,  etc.,  and  provide  suitable  ambulance  or  conveyance 
readily  available  at  each  mine  to  properly  convey  injured  persons  to  their 
homes  after  an  accident. 

Equal  Turn. — (28)  The  operator  shall  see  that  an  equal  turn  is  offered 
each  miner,  and  that  he  shall  be  given  a  fair  chance  to  obtain  the  same.  The 
company  shall  furnish  a  turn-board  or  sheet  where  demanded — except  at 
mines  where  there  is  an  unlimited  turn — so  ruled  that  there  will  be  a  numbered 
horizontal  line  or  space  for  each  driver  employed  in  the  mine  who  has  been 
authorized  by  the  management  to  have  charge  of  the  turn  in  the  run  or 
territory  from  which  he  pulls  coal ;  with  perpendicular  lines  at  right-angles 
with  the  above,  forming  spaces  at  the  top  in  which  shall  be  marked  the  day 
of  the  month,  and  it  shall  be  the  duty  of  the  above-mentioned  driver  to  mark 
in  his  designated  line  or  space  under  proper  date  the  number  of  full  turns 
of  cars  that  have  been  pulled  from  his  territory  or  run  each  day  he  work-. 
There  shall  be  a  vertical  space  ruled  or  lined  on  the  right-hand  side  of  the 
board  for  the  purpose  of  totalling  the  accounts  each  day,  and  it  shall  be  the 
duty  of  the  turnkeeper  to  see  that  each  driver's  accoi  nt  is  totalled  each 
day,  for  the  preceding  day,  before  the  time  of  marking  turns  by  the  drivers, 
and  at  the  end  of  each  pay  he  shall  deduct  the  amount  of  the  lowest  turn 
on  the  board  from  the  different  totalled  turns,  and  shall  carry  forward  to 
the  next  pay  all  balances,  thereby  keeping  a  continuous  turn.  It  shall  be 
the  duty  of  each  driver  to  keep  account  of  the  individual  turn,  and  keep 
the  same  equal  in  his  own  run  or  territory. 

Any  miner  will  be  considered  as  having  loaded  the  highest  turn  of  cars 
offered  in  the  run  in  which  he  works  each  day,  whether  he  is  present  at 
work  or  not,  unless  he  is  hindered  from  doing  the  same  through  some  fault 
of  the  company,  and  then  it  shall  lie  the  duty  of  the  driver  in  charge  of 
that  run  to  make  up  such  cars  or  turn,  provided  the  miner  is  able  to  load 
the  same  unless  otherwies  provided  for  by  contract. 

Should  any  run  at  any  time  become  more  than  an  average  two  days' 
turn  either  ahead  or  behind  the  average  turn  of  the  different  runs,  it  shall 
be  the  duty  of  the  management  to  so  regulate  the  driving  that  such  runs 
shall  either  be  made  up  or  held  back,  as  the  case  may  demand,  and  should 
the  management  fail  within  ten  days  to  remedy  such  condition  after  the 
same  occurs,  then  the  men  in  the  run  or  territory  having  the  highest  turn 
shall  be  suspended  from  loading  coal  until  the  same  is  remedied. 

Any  driver  having  pulled  all  the  coal  loaded  by  the  miners  in  his  run 
during  any  shift  shall  mark  an  "X"  in  addition  to  this  turn  in  his  alloted 
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space  on  the  turn-board,  signifying  ;i  clean-up,  and  the  turnkeeper  shall, 
in  totalling,  count  the  same  equal  to  the  highesl  turn  of  any  run  pulled  that 
day.  In  addition  to  the  above,  the  turnkeeper  shall  copy  the  total  turns 
each  day  iii  a  book  kept  for  that  purpose,  For  reference  in  case  of  dispute, 
<>r  preserve  the  original  sheet. 

The  above  is  not  intended  to  change  any  plan  mutually  agreeable  to 
operators  and  miners  thai  may  have  been  adopted  by  them  at  any  mine  to 
regulate  the  turn.  bu1  in  no  way  shall  the  miners  or  mine-workers  restrict 
the  number  of  cars  loaded  by  the  miner  or  the  amount  of  coal  to  he  placed 
on  any  ear. 

The  driver  shall  be  subject  to  whomsoever  the  mine  manager  shall 
designate  a>  turn-keeper  in  pursuance  hereof. 

In  mines  where  there  is  both  hand-  and  machine-mining,  an  equal 
turn  shall  mean  approximately  the  same  turn  to  each  man  in  the  machine 
part  of  the  mine,  and  approximately  the  same  turn  to  each  man  doing 
hand-work,  but  not  necessarily  the  same  to  each  hand-miner  as  to  each  man 
working  with   the   machines. 

Holidays. — ^29)  Work  may  be  suspended  on  Virden  day  at  mines  at  places 
where  any  of  the  dead  are  interred,  if  memorial  services  are  to  be  held, 
provided  that  picnics  or  other  pleasure  festivities  are  not  proposed,  but 
not  elsewhere  or  otherwise.  New  Year's  Day,  April  1st,  July  4th,  Labour 
Day.  Thanksgiving,  and  Christmas  shall  be  the  only  holidays  under  this 
agreement. 

On  miners'  election  day,  National,  State,  and  Sub-district,  the  mines  may 
be  closed  at  12  o'clock  noon:  provided  that  mines  employing  more  than  200 
men  may  take  a  full  day  by  the  local  officers  giving  the  operator  ten  days' 
notice  of  their  intention  so  to  do. 

Engineers  to  Continue  to  Work  in  Event  of  Suspension. — (30)  In  case  of 
either  local  or  general  suspension  of  mining,  either  at  the  expiration  of  this 
contract,  or  otherwise,  the  engineers  shall  not  suspend  work,  but  shall,  when 
mining  is  suspended,  fully  protect  all  of  the  company's  property  under  their 
care,  and  operate  fans  and  pumps,  and  lower  and  hoist  such  men  or  supplies 
as  may  be  required  to  protect  the  company's  property,  and  all  coal  required 
to  keep  up  steam  at  the  company's  coal-plants ;  but  it  is  understood  and 
agreed  that  the  operators  will  not  ask  them  to  hoist  any  coal  produced  by 
non-union  labour  for  sale  on  the  market. 

Should  the  interests  of  the  engineers  be  directly  involved  in  any  issue  at 
the  expiration  of  this  contract  and  any  engineers  cease  from  work,  the  United 
Mine  Workers  of  America  will  provide  competent  men  to  perform  the 
emergency  work  above  recited,  at  the  scale-price  in  effect  at  the  time  of  the 
suspension,  subject  to  any  subsequent  settlement:  the  operator  at  his  option 
to  retain  only  such  engineers  as  are  required,  but  with  the  understanding 
that  all  of  the  engineers  employed  at  the  time  of  the  suspension  shall  be 
entitled  to  an  equal  division  of  the  work. 

Contract  not  to  be  Voided  by  Miners'  Constitution  or  Rules. — (31)  (a)  This 
contract  is  in  no  case  to  be  set  aside  because  of  any  rules  of  the  U.M.W.  of  A. 
now  in  force  or  which  may  hereafter  be  adopted ;  nor  is  this  contract  to  be  set 
aside  by  reason  of  any  provision  iu  their  national,  State,  or  local  constitutions. 

Sub-district  and  Local  Agreements. — (b)  Existing  sub-district  and  local 
agreements  shall  continue  in  effect  during  the  life  of  this  agreement,  except 
as  changed  herein,  or  pursuant  hereto.    There  shall  be  no  sub-district  or  local 
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agreements  entered  into  in  conflict  with  this  agreement,  and  all  local  and 
sub-district  agreements  hereafter  made  shall  be  submitted  to  the  Joint  Boards 
for  ratification. 

No  Local  Demands. —  (c)  There  shall  be  no  demands  made  locally  that  are 
not  specifically  set  forth  in  this  agreement,  except  as  agreed  to  in  the  joint 
sub-district  meetings  held  in  accordance  with  this  agreement. 

Negotiations  for  Next  Agreement. — (32)  It  is  mutually  agreed  by  and 
between  the  parties  hereto  that  joint  negotiations  for  the  formation  of  a  new 
wage  contract  shall  begin  on  a  date  sufficiently  in  advance  of  the  expiration 
of  the  present  contract  to  reasonably  insure  the  completion  of  these  negotia- 
tions before  the  tenth  day  of  March.  1914.  But  should  conditions  arise  which 
apparently  make  it  impossible  to  complete  these  negotiations  before  that  date, 
a  Commission  shall  be  appointed  composed  of  nine  miners  and  nine  operators, 
together  with  three  disinterested  parties  hereinafter  named,  who  shall  be 
called  in,  who  shall  sit  together  with  the  miners  and  operators  with  a  voice 
in  the  affairs,  but  without  vote.  This  Commission  shall  continue  negotiations 
and  complete  the  work  of  making  a  conti*act,  settling  all  questions  that  have 
not  been  agreed  to  up  to  the  date  of  the  expiration  of  the  contract,  and 
sliall  continue  in  session  for  such  time  as  is  mutually  agreed  upon.  All  mines 
to  continue  at  work  without  interruption,  provided  that  negotiations  are  still 
pending  and  the  same  is  mutually  agreed  upon.  For  the  purpose  of  the 
above  J.  E.  Williams,  of  Streator,  Illinois,  Dr.  Joseph  A.  Holmes,  Washington, 
D.C.,  and  Wm.  T.  Morris  of  DuQuoin,  Illinois,  are  named  as  the  three  disin- 
terested parties.  In  case  of  the  inability  or  failure  of  any  one  of  these  three 
to  qualify,  it  shall  be  within  the  power  of  the  other  two  to  name  a  third 
disinterested  party,  who  shall  sit  with  them  on  the  commission ;  the  said 
person  so  appointed  to  be  mutually  agreeable  to  both  parties  in  interest. 

This  section  is  subject  to  the  ratification  of  the  respective  organizations  at 
the  earliest  date  on  which  they  convene  in  State  Convention. 


APPENDIX  II. — Engineers'  Agreement  :   Wages  and  Conditions  to  Govern 
Coal-hoisting  Engineers  to  March  31st,  1914. 

Memorandum  of  Agreement,  made  and  entered  into  by  and  between  The 
Illinois  Coal-operators'  Association,  the  Coal-operators'  Association  of  the 
Fifth  and  Ninth  Districts  of  Illinois,  and  the  United  Mine  Workers  of  Illinois, 
witnesseth :  — 

(1)  That  from  April  1st,  1912,  to  March  31st,  1914,  the  coal-hoisting 
engineers  employed  by  the  members  of  the  Illinois  Coal-operators'  Association 
in  the  State  of  Illinois  shall  be  paid  the  following  scale  of  wages:  — 

Class  A. — Mines  with  a  daily  capacity  of  500  tons  or  over,  and  employing 
one,  two,  or  three  engineers,  first  engineer  S100  (£20  16s.  8d.)  per  month, 
second  engineer  $88-88  (£18  10s.  4d.)  per  month,  third  engineer  £83-32 
(=£17  7s.  2d.)  per  month.     Engineers  will  do  no  firing  in  Class  A. 

Class  B. — Mines  with  a  daily  capacity  of  200  tons  and  less  than  500  tons, 
employing  one,  two,  or  three  engineers,  first  engineer  S94428  (£19  13s.  6d.) 
per  month,  second  and  third  engineers,  each  883-32  (£17  7s.  2d.)  per  month. 

Class  C- — Mines  with  a  daily  capacity  of  less  than  200  tons  and  more  than 
100  tons,  employing  one  or  two  engineers,  first  engineer  S94'428  (£19  13s.  6d.) 
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per    month,    second    engineer    $8054   (£16    15s.    7d.)    per    month,    each    for    a 
nine-hour  working  day,  and  each  to  do  his  own  firing. 

Class  I). — Mines  with  a  daily  capacity  of  100  tons  or  less,  employing  one 
or  two  engineers,  each  engineer  §77-766  (£16  4s.)  per  month,  for  a  9-hour  day; 
the  engineer  to  do  his  own  firing. 

Engineers  employed  at  mines  in  course  of  sinking  shall  be  paid  $3-336 
(14s.)  per  day  of  8  hours,  and  shall  do  their  own  firing  when  required. 

(2)  It  is  understood  and  agreed  that,  except  as  provided  in  Classes  C  and 
D,  the  foregoing  scale  is  for  8  hours'  work,  seven  days  in  the  week;  but  that 
any  mine  in  Class  A  or  Class  B  can  establish  a  9-  or  a  10-hour  day  for  one  or 
bwo  engineers,  by  paying  therefor  a  proportionate  rate,  and  any  mine  in 
Class  C  or  Class  D  can  establish  a  10-hour  day  by  paying  therefor  a  proportion- 
ate rate  based  on  the  above  9-hour  scale.  The  8  hours'  work  at  mines  in 
Classes  A  and  B  and  the  9  hours'  work  in  Classes  C  and  D  shall  be  exclusive  of 
noon  or  dinner-time,  where  one  or  two  engineers  are  employed;  but,  where  the 
engineer  is  required  to  work  during  the  noon  or  dinner-time,  he  shall  be  paid 
accordingly. 

(3)  No  engineer  shall  lay  off  or  exchange  shifts  without  the  consent  of 
the  operator. 

At  mines  working  three  engineers,  the  first  engineer  shall  complete  the 
hoisting  shift,  where  desired,  without  overtime,  and  the  remainder  of  the  24 
hours  shall  be  divided  between  the  other  two  engineers,  and  paid  for  the  same 
as  two  full  8-hour  shifts. 

Provided  that  where  it  is  mutually  agreed,  the  engineers  may  exchange 
shifts  or  the  second  engineer  may  complete  the  hoisting  shift ;  and  should  the 
question  of  competency  arise,  it  may  be  taken  up  through  the  proper  channel. 

(4)  It  is  understood  and  agreed  that  where  the  above  scale  of  wages  is 
paid,  there  shall  be  no  charge  for  overtime  by  the  engineers,  except  as 
hereinafter  provided;  any  or  all  engineers  shall  perform  such  work  when 
required. 

The  hoisting  engineer  being  generally  in  charge  of  all  the  engines  and 
machinery  on  top,  such  as  dynamos  and  compressors,  and  engines  for  shaker- 
screens,  box-car  loaders,  dirt-dump  haulage,  etc.,  it  is  understood  to  be  a  part 
of  his  duties  to  repair  them  (with  the  exception  of  electric  repairs  to  dynamos) 
in  cases  of  emergency  without  overtime  or  extra  pay;  but  it  is  fuither  under- 
stood and  agreed  that  where  any  engineer  not  on  duty  is  required  to  come  to 
or  remain  at  the  mine  on  account  of  a  breakage  or  accident  to  the  machinery, 
not  attributable  to  the  negligence  of  the  engineer,  such  overtime  shall  be 
paid  for  at  an  hour  rate  based  on  his  monthly  salary. 

All  engineers  will  attend  to  the  ordinary  incidental  repairs  without  over- 
time, even  though  some  overtime  has  to  be  worked.  But,  if  an  engineer  at  a 
mine  where  two  or  more  engineers  are  employed  is  required  to  come  out  or 
stay  out  to  do  some  work  on  another  shift,  on  account  of  breakage  or  acci- 
dent, as  stated  herein,  he  shall  be  allowed  overtime;  or  if,  where  only  one 
engineer  is  employed,  he  is  required  to  work  overtime  repairing  a  breakage  or 
accident  not  attributable  to  his  negligence,  he  shall  likewise  be  entitled  to 
overtime  on  the  same  basis. 

It  is  also  agreed  that  in  case  of  sickness  or  unexpected  absence  of  any 
engineer  the  other  engineer  or  engineers  shall  perform  his  duties,  and  if 
desired  by  them  his  wages  for  time  so  absent  shall  levert  to  the  engineers 
performing  such  extra  service-. 

(5)  When   the   mine  is  in   active  operation  hoisting  coal,   it   is,   of  course, 
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understood  that  the  engineer's  place  is  in  the  engine-room;  but  otherwise 
when  not  so  employed,,  and  he  is  on  pay,  he  shall  perform  any  work,  not 
herein  specifically  excepted,  in  connexion  with  the  boilers,  machinery,  and 
appliances  directly  under  his  charge,  that  the  operator  or  his  accredited 
representative  may  direct,  except  patching  boilers  or  inserting  new  flues. 
No  engineer  shall  be  required  to  clean  boilers  without  assistance;  such 
assistance  to  be  selected  by  the  operator. 

(6)  A  licensed  engineer  shall  be  employed  at  all  times  when  steam  is 
required  at  the  throttle,  in  compliance  with  the  State  law.  He  shall,  at 
the  option  of  the  operator  do  his  own  firing  at  Class  A  and  B  mines,  except 
the  engineer  who  hoists  the  coal  on  days  when  hoisting  in  excess  of  an 
aggregate  of  50  tons  of  coal  per  24  hours  for  railroad,  shoots,  or  wagon 
trade,  and  except  when  the  mine  shuts  down  in  the  middle  of  the  shift. 
The  engineer  shall  do  his  own  firing  at  mines  of  any  class  (except  as  herein 
provided),  except  when  compressors  or  haulage-engines  are  running,  or 
dynamos  are  operated  for  other  purposes  than  furnishing  light  for  the 
company's  j3remises  or  for  operating  the  ventilating  fan  of  the  mine. 

(7)  In  case  of  either  local  or  general  suspension  of  mining,  either  at 
the  expiration  of  this  contract,  or  otherwise,  the  engineers  shall  not  suspend 
work,  but  shall,  when  mining  is  suspended,  fully  protect  all  of  the  company's 
property  under  their  care,  and  operate  fans  and  pumps,  and  lower  and  hoist 
such  men  or  supplies  as  may  be  required  to  project  the  company's  property, 
and  any  and  all  coal  required  to  keep  up  steam  at  the  company's  coal-plants; 
but  it  is  understood  and  agreed  that  the  operators  will  not  ask  them  to 
hoist  any  coal  produced  by  non-union   labour  for  sale  on  the  market. 

Should  the  interests  of  the  engineers  be  directly  involved  in  any  issue 
at  the  expiration  of  this  contract  and  any  engineers  cease  from  work,  the 
United  Mine  Workers  of  America  will  provide  competent  men  to  perform 
the  emergency  work  above  recited,  at  the  scale-price  in  effect  at  the  time 
of  suspension,  subject  to  any  subsequent  settlement;  the  operator  at  his 
option  to  retain  only  such  engineers  as  are  required,  but  with  the  under- 
standing that  all  of  the  engineers  employed  at  the  time  of  the  suspension 
>hall  be  entitled  to  an  equal  division  of  the  work.  This  does  not  contemplate, 
in  case  of  suspension,  that  operators  can  lay  off  engineers,  and  use  top  boss  or 
other  labour  to  keep  up  steam  for  pumps  or  other  purposes. 

(8)  It  is  also  agreed  that  in  case  of  any  dispute  or  trouble  arising 
between  any  engineer  and  the  operator  by  whom  he  is  employed,  work  shall 
not  be  suspended,  but  the  grievance  shall  be  taken  up  by  the  proper  officials. 

(9)  As  rapidly  as  the  requisite  corps  of  competent  engineers  is  pro- 
vided at  the  different  mines,  the  engineers  shall  become  members  of  the 
United  Mine  Workers  of  America,  aud  thereafter  only  members  thereof  shall 
be  employed  as  hoisting  engineers  when  such  members  competent  to  fill  the 
positions  can  be  obtained. 

(10)  The  capacity  of  the  mines  shall  be  determined  by  the  operator  and 
engineer  or  engineers  of  each  mine,  and  in  the  event  of  their  failure  to  agree, 
it  shall  be  immediately  referred  to  the  officials  of  the  respective  organizations, 
whose  decision  shall  be  final  and  binding  upon  both  parties. 

(11)  No  hoisting  engineer  shall  be  subject  to  the  authority  or  super- 
vision of  tlu  local  union  or  Pit  Committee.  It  is  not  the  intent  of  this  con- 
tract either  to  enlarge  or  to  restrict  their  duties  and  privileges  as  heretofore 
existing  or  exercised,  or  to  change  any  established  condition.  In  case  of  any 
dispute  between  any  engineer  and  operator  which  they  cannot  adjust,  it  shall 
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be  referred  to  the  operator  or  his  superintendent  and  the  miners*  sub-district 
president  for  adjustmenl  ;  and  upon  Heir  failure  £o  agree  it  shall  be  referred 
to  the  State  officers  -t  the  respective  organizations  for  adjustment  The 
provisions  of  the  State  contract  between  the  Illinois  Coal-operators'  Associa- 
tion, the  Coal-operato.v  Association  of  the  Fifth  and  Ninth  Districts  of 
Elhnois,  and  the  United  Mine  Workers  of  Illinois  shall  apply  to  the  engineers 
to  the  extenl  thai  they  are  in  harmony  with  this  contract,  and  with  the 
conditions  and  practices  heretofore  recognized  between  the  operators  and 
their  engineers,  and  the  mode  of  settling  disputes  arising  between  them. 

(11')  h  irst  engineer  in  Class  A  and  B  mines  will  do  no  firing,  except  where 
the  mine  is  idle  for  a  period  of  two  days  or  more.  The  other  engineers  shall 
continue  as  at   present. 

[Here    follow    the    signatures    Of    the    parties.] 


APPENDIX  III. — Interstate  Agreement. 
The    following   agreement   was   made   and  entered    into   this   30th   day   of 
March.    1912,    covering    the    prices    and    conditions    of    mining    in    Western 
Pennsylvania.  Ohio,  Indiana,  and  Illinois,  for  the  two  years  endino-  March 
31st,  1914,  to  wit  :  — 

(1)  That  the  price  of  mining  be  increased  5  cents  (2|d.)  per  ton  on  lj-inch 
screened  lump-coal,  pick-mining,  in  Western  Pennsylvania  Thin  Vein,  the 
Hocking,  the  Basing  district  of  Ohio,  and  both  Block  and  Bituminous  dis- 
tricts of  Indiana;  and  3  cents  (l£d.)  per  ton  on  mine-run  coal,  pick-mining,  in 
the  Bituminous  districts  of  Indiana  and  Illinois. 

(2)  That  the  price  of  machine  mines  be  increased  4  cents  (2d.)  per  ton  on 
screened  lump-coal  in  Western  Pennsylvania  Thin  Vein,  the  Hockin-  the 
Basing  district  of  Ohio;  4  cents  (2d.)  per  ton  on  screened  lump-coal  hi  the 
Block  and  Bituminous  districts  of  Indiana,  and  3  cents  (ljd.)  per  ton  on 
mine-run  coal  in  the  Bituminous  districts  of  Indiana  and  Illinois 

(3)  That  internal  differences  be  referred  for  adjustment  to  the  various 
districts  affected,  it  being  understood  that  nothing  shall  be  done  in  district 
or  sub-drstnct  conventions  that  will  increase  the  cost  of  production  or  reduce 
the  earning  capacity  of  the  men. 

(4)  That  the  inside  day-wage  scale  shall  be  advanced  5"26  per  cent  with 
the  conditions  of  the  Columbus  day-wage  scale  of  1898. 

(5)  That  all  narrow,  dead  work  and  room-turning,' and  outside  day  labour 
anal]  be  paid  a  proportionate  advance  with  the  pick-mining  rate  namely 
5'26  per  cent. 

(6)  That  the  screen  hereby  adopted  for  the  State  of  Ohio,  Western 
Pennsylvania  and  the  Bituminous  district  of  Indiana,  shall  be  uniform  in 
->/.,.  0  feet  wide  by  12  feet  long,  built  of  flat  or  Akron-shaped  bar,  of  not  less 

han  |  of  an  inch  surface,  with  1*  inches  between  the  bars,  free  from  obstruc 
turn,  and  that  such  screen  shall  rest  upon  a  sufficient  number  of  bearings  to 
floid  the  bars  m  proper  position. 

(7)  That  the  Block  Coal  district  of  Indiana  may  continue  the  use  of  the 
diamond  bar-screen,  the  screen  to  be  72  feet  superficial  area,  of  uniform  size, 

sh     1  \T  Z  thG  bai'S'  frCe  fr°m  ^ructfon,  ■«!  that  such  screen 

shal  «st    upon   a   efficient   number  of  bearings  to   hold   the   bars   in    proper 
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(8)  The  above  scale  is  based  on  an  8-hour  day,  as  defined  by  the  Columbus 
day-wage  scale  of  1898. 

(9)  That  there  shall  be  no  discrimination  by  the  coal  companies  in  the 
employment  of  mine  workers  on  account  of  creed,  colour,  or  nationality,  or 
because  of  activities  in  matters  affecting  the  organization. 

[Here  follow  the  signatures  of  the  parties.] 


APPENDIX  IV. — Fire  Kules  op  the  Madison  Coal  Corporation. 

(1)  All  fire-equipment  shall  be  tested  in  actual  drill  "not  less  than  once 
every  14  days,"  both  on  the  surface  as  well  as  in  the  mine-workings. 

(2)  The  alarm  of  fire,  on  the  surface,  shall  be  short  continuous  blasts 
of   the  steam-whistle. 

(3)  The  ringing  of  the  electric  alarm-gongs  indicates  fire  in  the  under- 
ground workings. 

(a)  Continuous  unbroken  ringing  of  the  gongs  means  all  employees  to  go 
to  the  main  shaft. 

(b)  A  succession  of  short  rings  of  the  gongs  means  that  they  must  go  to 
the  escapement  shaft. 

(4)  Upon  hearing  the  fire-alarm  gongs,  it  will  be  the  duty  of  the  mine 
manager  and  his  assistants  to  go  to  their  respective  stations  at  the  bottom 
of  each  shaft,  as  directed  by  the  district  superintendent,  to  give  directions 
and  preserve  order. 

(5)  After  the  fire-alarm  has  been  given,  either  on  the  surface  or  below 
ground,  no  coal  except  that  on  the  ascending  cage  must  be  hoisted,  and  both 
cages  must  be  immediately  relieved  of  cars. 

(6)  All  men  upon  hearing  the  alarm  of  fire  must  immediately  go  to  their 
respective  stations  and  prepare  the  pumps,-  hydrants,  hose,  and  chemical 
extinguishers  for  action.  Drivers,  motormen,  trip-riders,  and  others  must 
immediately  give  notice  to  all  employees  in  their  respective  districts,  and 
exert  their  best  efforts  to  aid  in  the  safe  escape  of  the  entire  force. 

(7)  Hoisting  engineers  must  remain  in  the  engine-room,  and  obey  regular 
signals   and    orders  of   the   district   superintendent   or   mine    manager. 

(8)  The  firemen  must  remain  at  the  boilers,  unless  otherwise  directed  by 
the  district  superintendent  or  mine  manager. 

(9)  The  head  dumper  or  weigh  boss  (as  may  be  directed)  shall  have  charge 
of  the  gates  and  guard  the  shaft  at  the  surface-landing,  and  attend  mine 
signals. 

(10)  The  head  bottom  eager  will  retain  charge  of  the  cages  and  attend 
to  fire-alarm  and  other  signals  at  the  shaft-bottom. 

(11)  The  machinists'  duty  will  be  to  stand  by  and  attend  to  the  fire 
pumps   only. 

(12)  It  shall  be  the  duty  of  the  head  blacksmith  or  his  helpers  (as  may 
be  designated)  to  open  valves  for  conveying  water  to  the  fan-house  and  all 
water-pipes  on  the  surface  and  in  the  mines. 

(13)  Certain  assigned  duties  shall  be  given  to  a  sufficient  number  of  men 
to  take  charge  of  valves  connected  with  all  underground  fire  pipe-lines,  handle 
the  hose  on  the  surface  and  in  the  workings,  and  take  chaige  of  the  chemical 
extinguishers,  both  in  the  surface  buildings  as  well  as  in  the  mine. 

(14)  In  no  circumstances  must  hay  or  straw  be  permitted  to  be  loaded  into 
a  car  and  sent  into  the  mine  until  all  miners  of  the  day-shift  are  on  the 
surface,   and    must   then    onlv   be  lowered    into   the   mine   after   it   has    been 
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Fig.  1. -Portion  of  Workings  of  Mine  No.  8  of  the  Madison  Coal  Corporation.  Illinois 
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Fig.  19.— Elevation  of  Bent  No.  8. 
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inspected  by  the  hoisting  engineer  <>r  top  foreman,  to  see  that  the  hay  and 
straw  are  in  bales  and  contained  in  a  closed  forage-box  with  a  lid  securely 
fastened  to  make  it  impossible  of  ignition  from  any  cause,  and  the  hoisting 
engineer  on  duty  at  the  time  is  charged  with  the  knowledge  of  such  inspection. 

(15)  The  first  duty  of  the  watchman  or  such  other  person  as  may  be 
designated  by  the  district  superintendent  or  mine  manager  (when  the  weather 
permits)  shall  be  to  unreel  two  lines  of  boss  (one  on  each  side  of  the  mine) 
and  open  the  hydrant-valves. 

(16)  On  the  discovery  of  fire  at  night,  the  steam-whistle  must  be  blown 
and  the  electric  alarm-gongs  sounded,  as  indicated  in  Rules  2  and  3. 

(17)  The  night  forces  must,  upon  the  alarm  of  fire,  go  to  their  regular 
stations  and  duties  assigned  to  them  by  the  district  superintendent  or  the 
mine  manager. 

The  greatest  degree  of  protection  and  safety  to  life  and  property  can 
only  be  secured  by  cool,  active  action  on  the  part  of  those  in  charge  of  the 
supervision  of  the  forces  and  those  in  charge  of  the  fire-apparatus,  as  well  as 
calmness  and  good  order  on  the  part  of  all  employees  leaving  the  mine. 

Fire-apparatus  must  not  be  handled  by  anyone  except  those  authorized 
to  do  so,  and  then  only  in  case  of  fire  or  for  the  purpose  of  drill  and  repairing. 
Any  persou  known  to  mutilate  or  damage  any  part  of  the  fire  machinery  and 
appliances  will  be  prosecuted,  and  in  addition  thereto  will,  if  an  employee, 
be  discharged. 

A.  J.  Moorshead,  President  and  General  Manager. 


The  President  (Mr.  T.  Y.  Greener)  proposed  a  vote  of  thanks 
in  Mr.  J)e;in  tor  his  very  interesting1  paper. 

Mr.  Johh  H.  Merivale  seconded  the  resolution,  which  was 
heartily  adopted. 


Mr.  B.  C.  Gullachsen's  paper  on  "  Hydraulic  Stowing-  in 
the  Gold-mines  of  the  Witwatersrand  "  was  taken  as  read,  as 
follows  :  — 
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HYDRAULIC  STOWIXG  IX  THE  GOLD-MIXES  OF  THE 
WITWATERSEAXD. 


By  B.   C.  GULLACHSKX. 

Introduction.- — The  hydraulic  stowing  of  mine-workings  is  a 
subject  that  is  coming  more  and  more  into  prominence  in  the 
mining  world  :  and  although  there  are  many  detractors  of  the 
system  in  this  country,  the  most  conservative  of  British  mining 
engineers  must,  by  now,  be  convinced  of  its  practical  utility. 

That  Great  Britain  should  be  one  of  the  last  mining  countries 
to  adopt  hydraulic  stowing  is  only  in  keeping  with  its  old  tradi- 
tion of  caution  :  but  one  cannot  think  that  the  coal-mining  indus- 
try of  this  country  will  hesitate  much  longer  in  adopting  the 
system.  Hydraulic  stowing  would  certainly  result  in  an  in- 
creased  percentage  of  coal  recovered  from  our  mines :  a  saving  of 
large  sums  of  money  paid  every  year  for  surface  damage  :  an  im- 
provement in  ventilation ;  greater  security  from  explosions  and 
underground  fires,  due  to  the  filling  of  goaves  which  at  present 
only  act  as  reservoirs  for  inflammable  and  noxious  gases;  and 
last,  but  not  least,  in  the  greater  security  of  the  "  hanging  "  and 
in  a  decrease  in  the  number  of  accidents  due  to  falls  of  roof. 

It  is  not  the  object  of  this  paper  to  deal  with  hydraulic  stow- 
ing  in  general,  but  with  the  method  as  employed  at  the  gold- 
mines of  the  Witwatersrand  in  particular.  At  the  same  time, 
a  brief  reference  to  its  history  may  not  be  out  of  place. 

As  is  well  known.  Upper  Silesia  receives  the  credit  of  being 
the  birth-place  of  hydraulic  stowing.  Even  if  it  had  been  em- 
ployed  on  ;i  small  scale  at  a  previous  date  in  other  parts  of  the 
world,  it  remained  for  Herr  Bergrat  Williger  to  introduce  it  on 
a  large  and  economic  scale  at  the  Myslowitz  Mine  in  Upper 
Silesia  during  the  year  1901. 

Withoul  going  further  into  the  gradual  evolution  and  per- 
fecting of  the  system  up  to  the  present  time,  a  short  summary 
of  the  districts  in  which  it  is  now  in  general  use  may  be  of  inter- 
cut in  proving  how  applicable  hydraulic  stowing  is  to  all  methods 
:iik1  conditions  of  mining. 


HYDKAI  LIC    STOWING     IN     GOLD-MINES.  i  ■> 

In  Upper  Silesia  ;it  the  present  time  no  less  than  thirty  col- 
lieries, employing  forty-eight  separate  plants,  out  of  a  total  of 
fifty-eight  collieries,  have  adopted  hydraulic  stowing.'  In  West- 
phalia  the  system  is  also  extensively  employed,  and  no  doubt 
would  be  more  so  if  it  were  not  for  the  difficulty  of  securing  suit- 
able Bto wing-material.  During  the  year  11)09  Mr.  H.  C.  Annett 
read  a  paper  before  the  Institute  dealing  with  hydraulic  stow- 
ing in  Westphalia,  in  which  a  very  full  description  of  the  plant, 
together  with  costs,  etc.,  is  given. t  la  Westphalia  twenty-seven 
collieries,  employing  forty  equipments,  are  daily  in  use.  In 
Prussia  the  method  is  employed  in  the  Crown-land  iron-mines,  in 
the  potash  and  salt-mines,  as  well  as  at  the  Saint  Ingbert  collier- 
ies in  Bavaria.  In  Alsace-Lorraine  a  plant  is  at  work  in  the 
district  of  Petite  Rossette.  Outside  Germany  the  hydraulic  pro- 
cess of  stowing  is  also  widely  utilized.  In  France  it  has  been 
considerably  used,  especially  at  the  collieries  in  the  Department 
of  the  Pas-de-Calais,  and  also  in  the  coal-fields  of  St.  Etienne. 
In  Belgium  it  is  also  used  at  several  collieries.  Mr.  L.  D.  Ford 
recently  communicated  a  paper  to  the  Institute  dealing  with 
hydraulic  packing  of  the  goaf  in  Belgium.*  In  Spain  the 
Penarroza  Colliery  is  erecting  a  plant,  and  several  collieries  in 
Austria,  as  well  as  in  Poland  and  Russia,  are  employing  the 
system. 

Leaving  Europe,  we  find  that  li3rdraulic  stowing  is  extensively 
used  at  a  number  of  mines  in  the  United  States,  at  lignite-mines 
in  Manchuria,  and  in  the  gold-mines  of  Australia  and  the  Trans- 
vaal. 

In  the  Transvaal  hydraulic  stowing  was  first  used  in  the  gold- 
mines about  the  middle  of  1909,  but  credit  is  often  given  to  the 
late  President  Kruger  for  having  several  years  previously  sug- 
gested that  the  unsightly  residual  <5and-dumps,  which  were  then 
commencing  to  make  themselves  objectionable,  should  be  con- 
veyed underground  to  fill  up  the  excavated  portions  of  the  mine. 

*  See  ' '  The  Hvdraulic  Stowing  of  Goaves, "  by  <  leorge  Knox,  Trans*  Inst.  M.  E. , 
1913,  vol.  xlv.,  page  13. 

t  "Hydraulic  Stowing  of  Gob  at  Shamrock  I.  ami  II.  Colliery,  Heme,  West- 
phalia, Germany,"  by  H.  C.  Annett,  Trans.  Inst.  M.  E.,  1!»09,  vol.  xxxvii.,  page 
257. 

X  "Notes  on  the  Working  of  the  St.  Nicholas  Pit  of  the  Societe  des 
Charl tonnages  tie  l'Esperance  et  Bonne  Fortune,  near  Lii'ge,  Belgium,  with  Special 
Reference  to  the  Hydraulic  Packing  of  the  Goaf,"  by  Leo  Doi-ey  Ford,  Trans.  Inst. 
M.  E.,  1913,  vol.  xlvi.,  page  439. 
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The  Hist  mine  at  which  hydraulic  stowing,  or  "  sand-filling" 
as  it  is  more  generally  called  on  the  Hand,  was  commenced  was 
the  Village  Main  Gold-mine,  to  he  followed  shortly  afterwards 
by  the  Ferreira  Gold-mine,  and  by  June,  1910.  the  Village  Main 
was  sending-  underground  about  1,200  tons  of  sand  daily. 

During  1911  several  more  mines  were  equipped,  and  in  the 
annual  report  of  the  Central  Mining  &  Investment  Corporation 
for  1912  it  is  stated  that  at  seven  mines  of  this  group  alone 
984,650  tons  of  sand  were  stowed  into  the  worked-out  stopes.  At 
the  present  date  fifteen  mines  on  the  Rand  have  installed 
hydraulic  equipment,  and  more  are  to  follow  in  the  near  future. 


Fig.  9. — Geldenhuis  Deep  Gold-mine. 

Hydraulic  stowing  on  the  Rand  may  be  divided  into  two 
systems,  namely :  (1)  sand  taken  from  dumps;  and  (2)  sand  taken 
direct  from  the  cyanide  vats.  In  the  first  of  these  two  systems 
the  sand  to  be  used  for  stowing  is  taken  from  the  mine-dump  (the 
dump  consisting  of  the  residual  sand  after  the  gold  has  been 
extracted).  The  following  description  is  that  of  the  sand-filling 
arrangements  employed  at  the  Geldenhuis  Deep  Gold-mine  (Fig. 
1,  Plate  VI.,  and  Fig.  9  in  text). 


Sand-r filling  <d  the  Geldenhuis  Deep  Gold-mini .  -The  sand  at 
the  dump  is  shovelled  into  trucks,  which  are  then  taken  by  an 
endless-rope   haulage   to   the  collecting  bins,   situated    near  the 
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entrance  to  the  mine.  The  sand  is  tipped  into  these  bins,  which 
are  furnished  with  sliding-  doors,  through  which  the  sand  is  able 
to  pass  when  required.  Projecting  through  these  doors  are  short 
lengths  nt  3-inch  piping,  having  a  flat-shaped  nozzle-end,  and 
perforated  along  its  length  with  \small  holes.  Water  under 
pressure  is  tinned  into  this  pipe,  and  is  injected  into  the  surround- 
ing sand,  which  is  then  washed  through  the  doors  into  the 
launder.  In  the  event  of  the  sand  coining  through  too  thickly, 
more  water  may  he  added  in  the  launder  from  the  water-pipe 
provided  for  that  purpose  at  the  end  of  the  launder.  The  pulp 
flows  down  the  launder,  which  has  a  gradient  of  about  15  degrees, 
into  a  box-shaped  receptacle  at  the  top  of  the  shaft,  from  which 


F.<;.    10.  —  Roluxson  Gold-mine,  showing  Sand-dumts. 

box  the  pulp  is  conveyed  through  0-inch  cast-iron  pipes  to  its 
desired  destination  underground. 

As  will  be  seen  in  the  sketch  of  the  Geldenhuis  Deep  sand- 
filling  plant  (Fig.  1.  Plate  VI.),  there  are  two  6-inch  pipes  for 
the  passage  of  the  pulp  down  the  shaft ;  only  one  of  these  pipes 
is  used  at  a  time,  the  other  being  plugged  and  kept  in  reserve. 
In  the  event  of  one  pipe  becoming  worn  through,  or  bursting,  it 
can  be  immediately  plugged  and  the  other  pipe  brought  into 
service.  Both  pipes  are  connected  to  the  same  pipe-line  at  the 
bottom  of  the  shaft. 

At  the  Robinson  Gold-mine  the  arrangements  are  different, 
as  at  this  mine  the  dump  was  so  conveniently  situated  to  the 
mine-workings  that  it  was  found  unnecessary  to  convey  the  sand 
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to  storage-bins.  The  sand  is  washed  direct  from  the  dumps  by 
mean-  of  water  at  high  pressure  thrown  on  to  it  by  hydraulic 
monitors  witb  3-inch  nozzles,  which  force  of  water  breaks  into 
the  (lump  and  washes  the  sand  away  into  launders.  The  pulp 
then  proceeds  direct  into  a  small  shaft,  from  the  bottom  of  which 
the  pulp  is  conveyed  into  the  workings  by  means  of  launders. 

Unless,  as  in  the  case  of  the  Robinson  mine,  the  sand  can  be 
washed  direct  into  the  workings  from  the  dump,  this  system  has 
the  disadvantage  that  the  sand  must  be  shovelled  from  the  dump 
into  trucks  and  then  conveyed  to  the  collecting  bins,  an  expense 
not  incurred  by  the  other  system.  "When  sand  from  old  dumps  is 
used,   considerable  quantities  of  lime  must  be  added  in  order  to 


Fig.   11. — Simmer  and  Jack  Gold-mine,  showing  Cyanide  Vats 
to  the  Right. 

neutralize  the  sulphuric  acid  formed  by  the  decomposition  of  the 
pyrites.  Another  disadvantage  of  using  old-dump  sand  is  that 
the  sand  is  mixed  with  a  considerable  quantity  of  colloidal  slime, 
the  presence  of  which  is  very  objectionable  underground.  Fig. 
10  in  the  text  shows  the  sand-dumps. 

Scund  taki  n  Direct  from  the  Cyanide  Vats. — This  system  was 
first  employed  on  a  large  scale  at  the  Simmer  and  Jack  Mine, 
although  current  sand-residue  had  previously  been  employed  to 
some  extent  at  the  City  and  Suburban  Mine. 

The  essential  feature  of  this  system  consists  of  using  the  sand 
as  soon  as  it  is  discharged  from  the  cyanide  vats,  thus  doing  away 
with  the  cost  of  transporting  it  to  the  top  of  high  dumps,  whence, 


HYDRAULIC    STOWING    IX    GOLD-MIXES.  79 

as  in  the  first  system,  it  lias  again  to  be  shovelled  into  trucks  and 
transported  to  the  collecting'  bins.  What  was  at  first  looked 
upon  as  a  grave  objection  to  this  system  was  the  presence  in 
current  sand-residue  of  dangerous  quantities  of  potassium 
cyanide,  and  it  was  found  to  be  absolutely  necessary  to  destroy 
the  cyanide  before  the  sand  could  be  used.  This  was  accom- 
plished by  introducing  into  the  water  a  small  amount  of  per- 
manganate of  potash  solution,  thus  converting  the  poisonous 
cyanide  into  harmless  cyanate.  The  chemical  equation  is  as 
follows  : — 

2  KMn04  +  3KCN  -  2Mn02  +  K20  +  3KCNO. 

In  order  to  facilitate  this  reaction,  the  residue  pulp  should  be 
kept  alkaline,  so  as  to  assist  the  oxidizing  effect  of  the  perman- 
ganate. The  consumption  of  permanganate  niay  vary  from  0'04 
to  0'08  pound,  which  is  equivalent  to  about  Jd.  to  Jd.  per  ton  of 
sand  used.     Fig.  11  in  the  text  shows  the  cyanide  vats. 

According  to  the  Mining  Regulations  no  solution  containing 
more  than  O005  per  cent,  of  total  cyanide  may  be  sent  under- 
ground. The  tests  for  such  small  quantities  are  naturally  very 
delicate  operations,  but  those  employed  by  Mr.  A.  McA.  Johnston 
have  proved  perfectly  satisfactory.* 

In  this  system  it  is  a  great  advantage  if  the  sand-treatment 
vats  are  situated  so  that  the  sand  immediately  on  being  dis- 
charged can  be  mixed  with  water  and  permanganate  and  run 
direct  into  the  mine.  As  frequently  occurs,  the  vats  are  placed 
some  considerable  distance  from  the  borehole  or  entrance  to  the 
mine,  in  which  case,  as  at  the  Simmer  and  Jack  installation,  the 
pulp  has  to  be  pumped  to  the  position  where  it  is  required.  The 
pulp  then  passes  through  de-watering  cone  classifiers,  the  under- 
flow from  which  is  then  discharged  into  the  borehole  or  pipe-line 
leading  to  the  mine  workings,  while  the  overflow  runs  or  is 
pumped  back  to  the  mixing  bin,  when  it  is  again  utilized  to  bring 
up  more  sand. 

It  is  interesting  to  note  that  in  this  system  the  ore  hoisted 
from  the  mine  about  a  fortnight  previously  is  returned  again 
minus  its  gold  content,  and  that  a  ton  of  the  ore  which  occupied 
a  space  of  12  cubic  feet  in  situ  in  the  mine  yields  about  the 
same  volume  of  sand  for  return  underground,  after  the  ore  has 
been  well  crushed  and  classified  into  50  per  cent,  of  sand  and  slime 
respectively. 

*  Rand  Metallurgical  Practice,  vol.  i. ,  patre  324. 
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( 'on  veyance  of  the  Sand  down  the  Mine. — The  systems  of  deal- 
ing  with  the  sand  on  the  surface  having-  been  discussed,  the  next 
point  is  the  lowering  of  it  down  the  mine.  There  are  two  methods 
nt  doing  this,  namely:  (1)  by  means  of  pipes;  and  (2)  by  means 
ot  boreholes.  In  the  first  case  the  pipes  are  hung  in  the  shafts, 
care  being  taken  to  make  them  quite  secure,  on  account  of  the 
very  considerable  vibration  caused  by  the  passage  of  the  thick 
pulp  through  them.  The  pipe-line  must  also  be  easily  accessible, 
so  as  to  allow  of  the  easy  and  rapid  removal  of  the  lengths  of 
pipes  that  become  worn  through.  A  great  objection  to  the  sand- 
filling  pipe-lines  being  installed  in  the  .shaft  is  that,  in  the  event 
of  a  pipe  becoming  worn  through,  or  bursting,  a  considerable 
quantity  of  pulp  is  discharged  into  the  shaft,  causing  a  very 
objectionable  mess. 

It  was  at  first  considered  that  boreholes  would  be  imprac- 
ticable, on  account  of  their  becoming  choked,  but  in  practice  this 
is  not  the  case  if  the  borehole  is  of  a  reasonably  large  diameter. 
Boreholes  7  or  8  inches  in  diameter  have  been  found  to  give  very 
little  trouble  through  choking.  If  a  borehole  should  become 
choked,  it  can  be  cleared  by  running  a  small  amount  of  water 
into  it  for  a  few  hours. 

Boreholes  have  the  great  advantage  over  pipe-lines  that  after 
once  the  first  cost  has  been  met,  there  is  no  upkeep  cost,  as  in  the 
case  of  a  pipe-line.  There  is  also  the  additional  advantage  that 
they  can  be  put  down  at  the  very  best  point  for  the  distribution 
of  the  filling-material  underground,  thus  avoiding  in  many  cases 
the  great  lengths  of  more  or  less  horizontal  piping  necessary 
when  the  pipe-line  is  taken  down  the  shaft,  and  which  are  so 
liable  to  become  choked. 

Boreholes  are  in  use  at  the  Simmer  and  Jack  and  Robinson 
Deep  Mines ;  that  at  the  Simmer  and  Jack  was  put  down  by 
means  of  a  jumper-drill  at  a  rate  of  8  feet  per  day,  and  at  a  cost 
of  17s.  to  20s.  per  foot.  The  Robinson  Deep  borehole  was  bored 
by  a  steel  shot-drill  to  a  depth  of  1,700  feet  in  9  months,  and  cost 
£2,625,  or  a  little  over  30s.  per  foot.  The  borehole  at  the 
Simmer  and  Jack  Mine  has  now  been  in  use  for  4  years,  and  no 
trouble  whatever  has  been  experienced  with  it. 

After  the  stowing-material  has  reached  the  bottom  of  the 
shaft  or  borehole,  the  next  consideration  is  the  method  to  be  used 
}<n  its  distribution  underground.  For  this  purpose  two  methods 
are  employed,  namely:  (1)  by  transport  under  pressure  in  pipes; 


HYDRAULIC    STOWING    IN    GOLD-MINES.  81 

and  (2)  by  transport  in  launders.  Transport  under  pressure 
in  pipes  is  necessary  in  all  mines  when  the  filling-material  has 
to  be  conveyed  along  roads  that  are  either  horizontal  or  that  only 
slightly  dip  or  rise,  the  pressure  being  obtained  by  the  head  or 
pull  on  the  vertical  pipes  in  the  shaft. 

As  there  is  naturally  very  heavy  wear  and  tear  upon  the 
lining  of  the  pipes,  many  methods  have  been  devised  for  their 
protection.  In  Germany  pipes  are  manufactured  with  porcelain, 
wood,  glass,  and  detachable  steel  linings.  Oval  pipes  are  used 
having  half-oval  liners  bolted  into  them. 

On  the  Hand  only  three  kinds  of  pipes  have  been  used,  the 
ordinary  cast-iron  pipe,  wood-lined  pipes,  and  to  a  very  small 
extent  porcelain-lined  pipes.  The  pipe-line  is  laid  either  along 
the  foot  of  the  drives  and  stopes,  or,  when  this  is  not  practicable, 
the  pipes  are  hung  from  the  "  hanging  "  by  means  of  chains 
attached  to  eye-bolts,  or  else  they  are  supported  on  timber 
trestles.  The  pipes  may  have  loose  or  fixed  flanges,  rubber 
(insertion)  washers  being  placed  between  them.  After  a  few 
months'  use  the  pipes  are  given  a  turn,  in  order  that  the  bottom 
segment  of  the  pipe,  where  the  greatest  wear  takes  place,  may  be 
replaced  by  a  portion  of  the  pipe  which  has  suffered  compara- 
tively little  damage  through  the  abrasion  of  the  sand-particles. 
By  this  means  the  pipes  can  be  used  for  a  considerable  length  of 
time.  The  life  of  the  pipes  used  on  the  Rand  appears  to  be  very 
variable,  and  it  is  therefore  difficult  to  give  any  exact  figures  on 
this  point. 

Transport  in  launders  is  preferable  to  that  in  pipes  wherever 
the  gradient  is  suitable.  The  gradient  required  is  dependent 
not  merely  upon  the  size  of  the  sand-particles  and  the  ratio  of 
sand  to  water,  but  also  upon  the  volume  of  pulp  and  the  rough- 
ness and  internal  shape  of  the  launder. 

In  a  wooden  launder  sand-pulp  containing  30  per  cent,  of 
moisture  Avill  flow  slowly  on  a  grade  of  30  per  cent,  approxi- 
mately IT  degrees ;  with  40  per  cent,  of  moisture  on  a  20-per-cent. 
grade,  approximately  11  degrees;  and  with  60  per  cent,  of  mois- 
ture on  a  10-per-cent.  grade,  approximately  0  degrees. 

Launders  are  made  up  of  planks,  the  bottoms  being  provided 
with  a  liner  of  hard  wood  and  with  angle-pieces  of  hard  wood  in 
the  corners,  as  shown  in  Fig.  2  (Plate  VI.).  Y-shaped  launders 
(Fig.  3,  Plate  YI.)  are  easy  of  construction,  cheap,  and,  being 
light,  are  useful  when  frecpaent  replacement  is  necessary.       At 
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the  Robinson  Mine  launders  having  concrete  liners  (Fig.  4, 
Plate  VI,))  were  used.  These  were  made  in  3-foot  lengths  and 
placed  inside  the  wooden  launders. 

Drainage  launders  are  used  for  carrying  off  the  water  from 
the  surface  of  the  filling.  These  launders  are  in  box  form,  and 
musl  be  of  fairlj-  strong  constr.iction  in  order  to  withstand  the 
pressure  of  the  filling-material  down  through  which  they  pass. 
Fresh  lengths  are  added  as  the  filling  rises,  each  length  provided 
with  some  means  of  escape  for  the  water  as  it  rises  along  its 
entire  length.  Either  holes  are  drilled  or  the  top  plank  is  left 
off  and  short  lengths  nailed  on  as  the  water  rises,  cocoanut- 
matting  or  wire-netting  being  placed  over  the  openings  for  the 
purpose  of  clearing  the  water. 

Barriers. — Before  filling  can  take  place  underground,  the 
place  which  it  is  desired  to  fill  must  be  prepared  for  the  purpose. 
Wherever  possible,  faults,  dykes,  or  portions  of  unprofitable 
bodies  of  ore  are  used  as  natural  barriers ;  but  as  in  many  mines 
these  natural  barriers  do  not  exist,  or,  as  is  more  often  the  case, 
do  not  occur  in  that  portion  of  the  mine  where  they  could  be 
made  use  of,  it  is  necessary  to  build  artificial  barriers. 

Barriers  should  be  built  with  two  purposes  in  view — first  to 
hold  the  sand  in  the  position  required,  and,  secondly,  to  allow 
of  the  drainage  of  the  water.  The  first  barriers  built  under- 
ground on  the  Rand  were  constructed  as  water-tight  as  possible, 
all  the  water  being  carried  off  from  the  surface  of  the  filling  by 
means  of  special  drainage  launders,  which  passed  down  through 
the  sand  and  barriers,  and  were  gradually  lengthened  as  the 
sand  was  filled  in.  It  is  now  found  to  be  preferable  to  drain  as 
much  water  as  possible  through  the  barriers,  which  must  there- 
fore be  constructed  to  act  as  a  form  of  filter-bed.  Draining  the 
water  off  direct  through  the  barriers  naturally  reduces  the  pres- 
sure upon  them  to  a  very  considerable  extent,  with  the  result 
that  they  need  not  be  of  such  heavy  construction  as  previously. 

A  barrier  which  has  given  good  results,  and  does  away 
entirely  with  the  use  of  timber,  is  one  built  up  of  waste-rock  in 
the  form  of  a  pack.  The  outer  wall  is  first  built  of  large  stones, 
and  on  the  inside  of  this  smaller  stones  are  used,  gradually 
decreasing  in  size  until  sufficient  thickness  of  barrier  has  been 
constructed,  ash  being  last  of  all  thrown  on.  Such  a  barrier  is 
shown    in    Fig.    5   (Plate   YL),    and,    if   well    constructed,    will 
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retain  all  the  sand  and  only  allow  practically  clear  water  to  pass 
through  it. 

Several  tyj>68  of  timber  barriers  have  been  used,  all  more  or 
less  similar  in  construction,  only  differing  slightly  as  to  their 
method  of  drainag'e. 

Fig.  b  (Plate  VI.)  shows  a  barrier  suitable  for  supporting  the 
sides  of  the  sand-pack,  and  consists  of  props  set  from  4  to  G  feet 
apart  and  hitched  at  the  bottom  and  the  top.  On  the  inside  of 
the  props  either  pitch-pine  or  blue  gum  planks  are  nailed.  The 
top  and  bottom  planks  are  scribed  to  the  roof  and  floor,  and  hay 
is  often  used  to  fill  up  any  remaining  openings.  Cocoanut- 
matting  may  he  nailed  to  the  planks,  so  as  to  act  as  a  filter  for  the 
escaping  water. 

Fig.  7  (Plate  VI.)  shows  a  barrier  which  is  intended  for  use 
in  a  narrow  opening,  such  as  a  box-hole,  and  should  only  be  used 
at  the  lowest  point  in  the  portion  of  ground  that  is  to  be  filled 
As  will  be  seen,  its  object  is  to  act  as  a  filter-bed ;  ash  is  used  as 
the  filtering  medium,  and  the  filtered  water  is  conveyed  through 
the  stone-pack  by  means  of  a  3-inch  pipe. 

Hydraulic  Stowing  in  Deep  Mines. — When  sand-filling  was 
first  introduced  on  the  Rand,  it  was  only  employed  at  the  outcrop 
mines,  in  order  to  permit  of  the  extraction  of  valuable  pillars  of 
rich  ore  which  had  been  left  as  supports  (Fig.  8,  Plate  VI.). 
As  time  went  on,  sand-filling  was  carried  on  at  greater  depths, 
and  in  the  very  deep  mines  it  is  especially  necessary  on  account 
of  the  great  roof  pressure. 

When  filling  takes  place  at  a  depth  of  from  3,000  to  4,000 
feet,  a  heavy  charge  is  incurred  for  pumping  all  the  extra  water 
introduced  into  the  mine  with  the  stowing-material  from  this 
depth,  as  well  as  the  extra  cost  for  pipes  due  to  their  rapid 
destruction,  caused  by  the  high  pressure  and  velocity  of  the 
pulp.  In  order  to  avoid  these  extra  costs,  a  system  was  intro- 
duced on  the  Cinderella  Deep  Mine,  by  which  the  sand  was 
sent  into  the  mine  in  a  dry  condition.  In  order  to  effect 
this,  a  wooden  box-launder  was  constructed  measuring  12  by  11 
inches  in  inside  cross-section.  This  launder  was  carried  down 
the  vertical  shaft  to  the  level  at  which  the  filling-material  was 
required,  which  was  at  a  depth  of  3,900  feet.  The  sand,  which 
should  not  contain  more  than  7  per  cent,  of  moisture,  is  stored 
in  a  surface  bin,  from  which  it  is  taken  on  a  conveyor-belt  to 
the  top  of  the  shaft  and  there  discharged  into  the  launder.     On 
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reacting  the  bottom  of  the 
launder,  it  falls  on  to  a  steeply 
inclined  iron  plate,  at  which 
point  jets  of  water  are  turned 
into  the  sand,  which  is  then 
carried  away  as  a  pulp,  either  by 
means  of  pipes  or  by  launders, 
to  wherever  it  may  be  required. 

The  great  objection  to  this 
system  is  the  difficulty  of  secur- 
ing a  constant  supply  of  dry 
sand.  As  soon  as  the  sand  con- 
tains more  than  7  per  cent,  of 
moisture,  it  is  inclined  to  grad- 
ually adhere  to  the  sides  of  the 
launder,  which  in  time  becomes 
choked.  The  launder  was  con- 
nected up  to  a  Roots  blower  and 
jets  of  compressed  air  intro- 
duced, the  idea  being  to  assist 
the  drying  of  the  sand  and  to 
increase  the  velocity  of  the  fal- 
ling stream,  but  this  device  was 
found  to  result  in  only  a  very 
slight  improvement. 

The  system  has  much  in  its 
favour,  but  unless  some  method 
can  be  devised  to  enable  sand 
containing  more  than  7  per 
cent,  of  moisture  to  be  used 
successfully,  it  is  certain  to  be  a 
failure. 

Drainage. — The  clarifying  of 
the  overflow  water  before  pump- 
ing is  a  matter  of  some  import- 
ance, as,  of  course,  water  con- 
taining only  a  small  percentage 
of  sand  and  slime  is  injurious  to 
the  pumps.  At  those  mines 
where  old  dumps  are  being  used 
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for  filling',  trouble  is  experienced  with  the  large  quantities  of 
slime  present  with  the  sand.  Great  difficulty  is  found  in  getting 
the  slime  to  settle,  and  on  this  account  the  use  of  current  sand- 
residues  is  much  to  be  preferred.  Slime  has  also  the  additional 
objection  that  it  prevents,  to  a  considerable  extent,  the  rapid 
filtration  of  the  water,  on  account  of  its  forming  a  more  or  less 
impervious  covering  on  the  filter-bed  at  the  barriers. 

All  the  water  overflowing  from  fhe  sand-filling  is  made  to  pass 
through  the  catch-pits  and  filter-beds  constructed  in  old  drives 
or  stopes.  The  catch-pits  and  filter-beds  should  always  be  con- 
structed in  duplicate,  so  that,  in  the  event  of  one  becoming  filled 
up  with  sludge,  the  water  may  be  turned  into  the  other  while  the 
first  is  being  cleaned  out,  thus  preventing  any  stoppage. 

It  is  often  found  necessary  to  add  lime  to  the  water  before 
pumping,  on  account  of  its  having  become  acid,  due  to  the  decom- 
position of  the  pyrites  in  the  sand.  The  lime  can  be  conven- 
iently added  at  the  catch-pits. 

Costs. — The  cost  of  sand-filling  varies  considerably  at  different 
mines,  but  will,  no  doubt,  be  reduced  as  further  economies  are 
introduced.  The  costs  incurred  by  four  mines  on  the  Rand, 
which  correspond  very  favourably  with  the  costs  incurred  by 
the  coal-mines  of  Upper  Silesia,  are  shown  in  the  annexed  table. 


Mr.  J.  Drummoxd  Patox  (Manchester)  said  that  he  was  greatly 
interested  in  this  subject ;  he  was  pleased  to  have  the  privilege 
of  showing  them  several  of  his  own  lantern-slides  and  data,  and 
in  being  allowed  to  discuss  the  features  of  Mr.  Gullachsen's 
paper,  as  he  thought  that  hydraulic  stowing  would  apply  more 
directly  to  British  mines  and  bear  a  corresponding  interest  to  the 
members  of  the  Institute. 

Commenting  on  the  author's  remarks  respecting  the  origin 
of  hydraulic  stowing,  he  (Mr.  Paton)  did  not  wish  to  discredit 
Herr  Bergrat  AVilliger's  work  at  the  Myslowitz  Mine,  but  he  had 
heard  it  stated  that  it  was  the  invention  of  a  British  engineer 
who  had  spent  the  best  years  of  his  life  in  trying  to  interest  his 
own  countrymen  in  the  subject,  and  had  eventually  developed 
the  idea  in  America.  Hydraulic  stowing  was  now  returning  to  us 
through  German  sources. 
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With  regard  to  the  question  of  installation,  the  technical 
difficulties  were  matters  of  past  history.  The  only  vital 
difficulty  that  had  to  be  faced  in  the  bulk  of  cases  was  the  supply 
of  stowing-material.  Unquestionably  the  floors  of  some  mines 
would  require  serious  consideration,  but  the  main  item  was  the 
supply  of  material.  In  his  recent  paper*  he  had  suggested  the 
use  of  some  more  or  less  barren  territory,  so  far  as  agriculture 
was  concerned,  namely,  the  hill  in  the  Horwich  district,  which 
was  only  5  miles  from  the  centre  of  the  Lancashire  coal-field. 
His  idea  had  been  to  obtain  stowing-material  at  a  centre  on 
the  main  route  for  the  return  empty  wagons  coming  from  the 
large  industrial  centres,  or,  in  the  case  of  the  shipping  trade, 
the  empty  wagons  coming  back  from  the  port.  Any  hill  on 
the  route  between  a  large  manufacturing  centre  and  a  coal-field, 
within  reasonable  limits,  would  fulfil  the  required  purpose.  In 
Germany,  installations  of  this  type  had  been  carried  out  suc- 
cessfully at  a  distance  of  over  10  miles.  The  cost  of  carriage  and 
delivery  into  wagons  might  be  taken  on  a  basis  of  Id.  per  ton 
for  excavation  and  |d.  per  ton  for  transport,  judging  from  his 
own  investigation  of  railway-systems  and  steam-excavators,  etc., 
provided  that  the  native  rock  was  not  too  hard.  Possibly  this 
tjd.  per  ton  for  transport  was  a  minimum  charge,  but  national 
interests  and  popular  appreciation  of  the  advantages  should  force 
the  Government  to  a  decision  on  this  matter  in  the  same  way  as 
the  German  Mining  Boards  and  Canal  Administrations  had  met 
t  lie  requirements  of  the  mining  industry  in  Germany. 

When  the  matter  was  discussed  with  mining  engineers,  the 
floor  and  its  friable  nature  was  the  one  eternal  objection  that  was 
raised  against  the  method.  At  the  Koenigin  Luise  Pit  excel- 
lent results  had  been  obtained,  and  this  under  conditions  where 
the  floor  was  of  the  worst  type.  A  cavity  measuring  about  '331) 
feet  (100  metres)  by  46  feet  (14  metres)  by  6|  feet  (2  metres)  in 
height  was  excavated.  The  stowing-wall  was  put  up  at  33  feet  (10 
metres),  so  that  the  actual  stowing-material  contained  in  this 
volume  would  be  approximately  2,000  tons.  This  quantity  was 
deposited  in  6  hours.  The  rate  of  advance  of  the  face  was 
roughly  10  feet  per  day,  in  three  shifts  of  8  hours  each.     The  ease 

"  Modern  Developments  in  Hydraulic  Stowing,  and  Suggestions  for  its 
Application  in  British  Collieries,"  by  J.  Diummond  Paton,  Trans.  Inst.  M.  E  , 
vol.  xlvii.,  1914,  page  468. 
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of  working  seams,  the  advantage  of  ventilation,  and  tLe  rapidity 
of  progress  were  fairly  apparent  in  this  case. 

Mr.  (iullachsen  had  made  no  mention  of  British  installations, 
but  from  his  own  investigations  he  had  found  that  one  British 
installation,  namely,  that  on  the  Clyde  Valley,  was  one  of  the 
simplest  and  most  efficient  jet  installed.  The  cost  per  ton  for 
material  deposited  was  nearly  as  low  as  some  of  the  best  figuies 
quoted  in  his  (Mr.  Paton's)  paper.  The  simplicity  of  the  system 
was  such  that  even  a  most  prejudiced  mind  would  hardly  oppose 
it  if  the  conditions  were  similar  to  those  on  the  Clyde,  and  there 
were  plenty  of  cases  in  this  country  which  were  equally  as 
favourable. 

There  were  several  other  small  installations  in  Britain,  and 
he  would  like  to  refer  them  to  Mr.  John  Irvine's  remarks  before 
the  Scottish  Branch  of  the  National  Association  of  Colliery 
Managers,  which  appeared  in  the  Iron  8f  Coal  Trades  Review* 
He  there  described  an  installation  in  Fife,  which  was  apparently 
another  of  the  successful  installations  in  this  country.  He 
(Mr.  Pa  ton)  would  like  them  to  bear  in  mind  that  in  Mr. 
Gullaehsen's  description  of  the  systems  the  economy  was  based 
on  internal  featums  of  working,  and  that  in  checking  the  cost 
per  ton,  as  given  in  the  table,  there  were  features  that  ought 
to  be  given  in  greater  detail.  The  use  of  a  bore-hole  instead  of 
pipes  in  the  shaft  evidently  seemed  to  contribute  to  the  higher 
efficiency  of  the  system,  as  also  the  grouping  of  the  material 
in  relation  to  the  deposition  of  the  stowing ;  but  he  would  like  to 
have  further  details  of  the  length  of  transport  underground  and 
of  the  working  conditions  in  the  mine. 

With  respect  to  the  neutralizing  treatment  for  potassium 
cyanide,  he  (Mr.  Paton)  had  considered  the  question  of  the 
utilization  of  chemical  slag  and  refuse-heaps  in  the  Widnes  area 
of  Lancashire,  similar  heaps  being  no  doubt  equally  available  in 
and  around  Durham  and  the  Newcastle  districts,  and  from  Mr. 
T.  Scudder's  advice  he  thought  that  but  little  difficulty  or  serious 
effect    would   arise   from   the   use   of   such    heaps    for   hydraulic 

stowing. 

With  regard  to  the  expression  used  by  Mr.  Gullaehsen,  "  50 
per  cent,  of  sand  and  slime  respectively,"  he  would  like  to  have 
a  better  definition  of  what  this  actually  meant.     Did  it  mean  that 

*  1914,  vol.  lxxxix.,  page  454. 
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•"ill  per  cent,  of  t lie  total  rock  passed  off'  in  a  slimy  state  for 
cyanide  treatment  and  did  not  return  to,  or  was  not  available 
for  deposition  in  the  mine?  The  other  50  per  cent,  after  pulver- 
ization was  evidently  equal  to  the  volume  of  the  solid  rock.  In 
the  author's  statements  respecting  the  conveyance  of  sand  down 
the  mine,  and  his  objection  to  vertical  pipes  in  the  shaft,  the 
question  of  the  wear  in  vertical  pipes  had  been  virtually  con- 
trolled by  the  introduction  of  directional  sleeves  or  truneated- 
cone  sections  inserted  between  the  joints  of  the  pipes.  By  means 
of  these  cones  at  various  depths,  the  flow  of  stowing-material 
could  be  directed  to  a  depth  where  the  parabola  of  stream-lines 
drew  the  section  of  the  stream  out  to  the  side  of  the  pipe.  At 
this  point  there  was  another  sleeve  inserted,  and  by  this  means  a 
very  small  amount  of  the  actual  stowing-material  came  into 
contact  with  the  pipes.  The  wear  on  the  sleeves  was,  of  course, 
fairly  extensive,  but  they  were  easily  removed  and  renewed,  and 
were  not  expensive. 

With  regard  to  the  utilization  of  bore-holes  for  the  transport 
of  material  direct,  he  had  not  seen  this  method  applied  from  the 
surface,  and  would  like  some  better  data  of  the  general  construc- 
tion, and  of  the  entrance  and  exit  of  the  stowing-material  at  the 
surface  and  in  the  mine  respectively.  It  was  quite  easily  con- 
ceivable that  if  the  strata  consisted  of  good  hard  rock,  the  passage 
could  be  easily  applied.  In  the  case  of  boulder  strata  or  con- 
glomerate or  other  more  friable  material,  he  could  imagine  there 
would  be  difficulty.  Possibly,  on  the  surface  it  would  be  necessary 
to  pipe  down  to  a  certain  depth,  and  also  when  leading  in  from 
the  bottom  of  the  bore-hole  to  pipe  up  a  certain  height. 

The  relation  of  such  bore-holes  to  the  actual  seams  and  lay-out 
of  the  stowing  area  affected  the  cost,  and  the  members  should 
note  the  actual  conditions  in  relation  to  the  chart  of  costs  given. 
He  would  like  to  saj-  that  the  ovoid  pipe  had  been  arranged  for 
manufacture  in  England,  and  the  relative  capacities  and 
qualities  of  plain,  cast-iron,  the  Stephen-Frolich,  ovoid,  and 
other  pipes  had  been  stated  in  his  (Mr.  Paton's)  paper,  and  also 
in  a  paper  by  Mr.  George  Knox.*  There  had  also  been  an 
excellent  article  by  Mr.  Putzf  on  the  subject.     The  chief  claim 

*  '•  The  Hydraulic  Stowing  of  Goaves,"  by  George  Knox,  Trans.  Inst.  M.  E.y 
1913,  vol.  xlv. ,  page  13. 

t  "  Advantages  of  Oval  over  Circular  Pipes  for  Hydraulic  Gob  Stowing,"  by- 
0.  Put/.,  Iron  ct-  Coal  Trades  Review,  1913,  vol.  lxxxvii.,  page  719. 
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for  the  ovoid  pipe  was  the  high  velocity  of  the  transporting  fluid 
at  the  bottom  of  the  pipe,  where  the  heavier  particles  were  likely 
to  settle.  The  pipe  with  a  porcelain  lining,  if  handled  carefully 
and  not  submitted  to  pounding  by  heavier  pieces,  was  highly 
satisfactory;  and  if  one  considered  the  extent  of  material  which 
could  be  transported  through  the  same  before  complete  destruc- 
tion was  obtained,  it  was  quite  evident  that  this  pipe  was  one 
which  ought  to  be  seriously  considered,  as  also  the  Stephen- 
Frolich  pipe  for  cases  where  there  was  an  impact  and  rougher 
material.  For  further  particulars  he  would  refer  them  to  Mr. 
Knox's  and  his  own  papers. 

With  regard  to  the  question  of  transport  in  open  launders, 
when  stowing  had  been  disciussed  with  various  engineers,  one  of 
the  objections  raised  had  been  the  confinement  of  the  water  after 
it  was  delivered  from  a  closed  system.  Evidently  in  the  Wit- 
watersrand  the  entire  system  was  conveyed  open  in  trough  form. 
It  was  fairly  evident,  therefore,  that  to  handle  a  material  having 
a  high  velocity  in  an  open  system  was  a  much  more  difficult 
proposition  than  to  handle  still  water  of  filtration  from  the  gob. 
With  respect  to  humidification  troubles  and  the  difficulty 
experienced  by  the  men  in  working  in  such  an  atmosphere,  he 
would  refer  them  to  the  case  of  Nordstein,  where  extreme  con- 
ditions prevailed  before  the  installation  of  hydraulic  stowing. 
The  temperature  in  the  mine  was  120°  Fahr.,  whereas  after 
stowing  it  dropped  to  82°  Fahr.,  a  drop  of  nearly  40  degrees. 
This,  he  thought,  was  sufficient  evidence  for  dismissing  the  sug- 
gestion of  ill  effects  arising  from  humidification.  From  his  own 
personal  experience,  the  atmosphere  of  stowed  mines  was  incom- 
parably superior  to  that  in  some  of  the  other  deep  mine-workings 
which  he  had  visited  in  this  country. 

With  regard  to  stowing  and  its  advantages,  the  ventilation  in 
a  stowed  mine  was  for  the  roads,  and  not  for  the  goaf.  Stowing 
eliminated  the  numerous  goaf  areas,  and  consequently  the  air 
was  directed  and  passed  to  the  point  where  it  was  required.  It 
also  eliminated  the  dust  trouble,  the  consequence  being  that  with 
a  carefully  stowed  mine  and  a  reasonable  clearing  it  was  quite 
easy  to  keep  the  dust  in  hand. 

With  reference  to  Mr.  Gullachsen's  mention  of  the  transport 
of  dry  material  that  was  finally  flushed  in  with  water,  he  con- 
sidered that  this  was  the  aspect  which  would  possibly  most  appeal 
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to  our  deep-mine  managers.  There  was  no  doubt  that  an  enormous 
amount  of  power  was  expended  in  pumping  water  back  from  the 
mine,  and  it  by  means  of  a  low  circuit  system  water  could  be 
used  for  this  purpose,  just  at  the  depth  which  was  necessaiy  for 
effective  stowing,  it  would  go  a  long  way  towards  increasing  the 
efficiency  of  the  system. 

Sludge  transport  was  now  effected  by  vacuum  exhaustion 
and  compressed-air  transmission,  and  the  sludge  from  the  goaf 
was  directed  into  large  tanks  built  into  subterranean  roads. 
These  were  evacuated  into  a  vacuum  chamber.  The  vacuum 
chamber  was  shut  off  from  the  sludge-tanks,  and  then  put  under 
pressure  and  the  sludge  transported  to  some  desirable  point,  say 
an  old  working,  for  final  settlement. 

With  regard  to  filtration,  one  of  the  finest  systems  that  he 
had  seen  was  that  at  the  Phoenix  Colliery,  near  Duisburg,  where 
there  was  a  3  to  5  mile  circuit  for  the  water  from  the  entrance 
to  the  stowing-chamber  right  through  the  mine  and  return.  The 
details  of  the  settling-tanks  and  filtering  he  had  already  given 
in  his  paper,  together  with  particulars  of  the  grouping  of  the 
loads  for  obtaining  the  desired  clarification  of  the  water.  In 
some  British  collieries  where  the  floors  were  bad,  this  would 
necessarily  have  to  be  attempted  more  in  confined  systems,  in 
tlie  same  way  as  in  the  pneumatic  type  that  he  had  already 
mentioned. 

He  (Mr.  Paton)  would  like  to  make  a  further  appeal 
to  all  interested  in  the  question  of  hydraulic  stowing.  In  view 
of  pit- wood  shortage  and  the  established  success  of  hydraulic 
stowing,  he  would  suggest  to  all  concerned  in  mining  engineer- 
ing that  some  branch  of  The  Institution  of  Mining-  Engineers 
should  form  a  committee  for  investigation.  The  Doncaster  Coal- 
owners'  Association  had  already  done  inestimable  service  in  con- 
nexion with  stone-dusting  and  the  use  of  rescue-apparatus. 
Could  not  some  equally  generous  and  enterprising  move  be  made 
by  The  North  of  England  Institute  of  Mining  and  Mechanical 
Engineers:-'  Thousands  of  pounds  were  being  spent  annually 
in  investigating  coal-dust,  explosions,  etc.,  dealing  merely  with 
t  he  cited  and  after  effects,  but  with  little  attempt  to  eliminate  the 
radical  cause.  Hydraulic  stowing  went  right  to  the  root  of  this 
evil,  and  eliminated  the  dust  question  altogether.  The  present 
time    might   not   be   the    most    convenient  for   investigating   the 
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hydraulic-stowing  process,  in  view  of  the  economic  strains  on 
various  concerns,  but  the  company  that  took  advantage  of  the 
present  conditions  would  eventually  reap  its  reward. 

The  President  (Mr.  T.  Y.  GTeener)  proposed  a  vote  of  thanks 
to  Mr.  Gullachsen  for  his  paper. 

Mr.  John  H.   Merit  ale  seconded,   and  the  resolution  was 
cordially  approved. 


A     firedamp     indicator     or     methanometer     was     exhibited, 
described,   and  demonstrated   bv    Mr.    Alfred  Williams. 
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THE  NORTH  OF  ENGLAND  INSTITUTE  OF  MIXING  AND 
M ECHANICAL  ENGINEERS. 


GENERAL  MEETING, 

Held  in  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 

December  12th,  1914. 


Mr.  T.   Y.   GREENER,  President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  last  General  Meeting, 
and  reported  the  proceedings  of  the  Council  at  their  meetings 
on  November  28th  and  that  day. 


The    following    gentlemen    were    elected,    having    been    pre- 
viously nominated  : — 

Members — 
Mr.  Thomas  Crawford,  Colliery  Manager,  Eighton  Banks,  Gateshead-upon- 

Tyne. 
Mr.  Irving  Rider  Gard,  General  Superintendent,  Mecca  Colliery  Companj', 

Eagle,    West  Virginia,  U.S.A. 
Mr.  David  Frttz  Gill,    Civil  and    Mining   Engineer,   36,    Lowther   Street, 

Whitehaven. 
Mr.  Harry  Patrick  Hoyle,  Iron  Works  Manager,  Belmont  House,  Durham. 
Mr.  Joseph  Percy  Hunter,  Mining  Engineer,  7,  Elmfield  Road,  Gosforth, 

Newcastle-upon-Tyne. 
Mr.  William  John  Leck,  Mining   Engineer,   Whinny  Hill,    Cleator  Moor, 

Cumberland. 
Mr.  Godfrey   Ewart   Morgans,   Civil  and    Mining    Engineer,   New   Broad 

Street  House,  London,  E.C. 
Mr.  Harry  Palmer,  Mining   Engineer,    16,  Fountain  Street,  Guisborough, 

Yorkshire. 
Mr.  Gordon  George  Thomas  Poole,  Engineer,   Glaisdale  House,   56,  Oak- 
wood  Road,  Blackhill,  County  Durham. 
Mr.  Edward  Heton  Roberton,  Professor  of  Mining,  Fencote,  Fenham,  New- 
castle-upon-Tyne. 
Mr.  Stephen   Southern,    Colliery    Manager,    Heworth    Colliery,    Felling, 

Gateshead-upon-Tyne. 

Associate  Members— 
Mi.  Matthew  Octavius  Heckels,  Pearl  Buildings,  Northumberland  Street, 

Newcastle-upon-Tyne. 
Mr.  Cuthbert  Alfred  Lambert,  North-Eastern  Railway  Offices,  Westgate 

Road,  Newcastle-upon-Tyne. 
Associate 
Mr.  John  Blythman,  Colliery  Under-manager,  East  View,  High  Heworth, 

Gateshead-upon-Tyne. 
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DISCUSSION  OF  Mil,  GEORGE  J.  RALPH'S  PAPER  ON 
"A  PORTABLE  ELECTRICAL  GAS-DETECTING 
DEVICE  FOR  USE  WITH  MINERS'  LAMPS."* 

Mr.  James  Ashwortii  (Vancouver,  British  Columbia)  wrote 
that  he  had  for  many  years  past  devoted  a  considerable  amount 
of  time  to  the  improvement  of  safety-lamps  for  the  detection  of 
low  percentages  of  firedamp  (mixture  of  explosive  gases  and  air), 
and  had  also  given  some  attention  to  an  electrical  tester.  He 
naturally,  therefore,  took  great  interest  in  all  recent  productions 
of  the  kind.  Not  one  of  these  devices,  however,  appealed  to  him 
as  fulfilling  the  requirements  of  practical  application  in  a  coal- 
mine where  dust  and  a  certain  amount  of  rough  usage  was 
inseparable  from  the  daily  routine.  As  a  rule,  some  form  of 
platinum  was  used  as  the  detector,  but  the  catalytic  effect  of 
platinum  varied,  and  if  it  became  coated  with  any  matter,  such 
as  soot,  damp,  or  dust,  the  reading  of  the  percentage  of  gas 
might  be  lower  than  was  actually  the  case.  In  his  (Mr. 
Ashworth's)  apparatus  the  fine  platinum  wire  or  sponge  was 
enclosed  in  a  small  gauze,  and  placed  at  the  end  of  a  long  dry 
battery  made  in  the  form  of  a  policeman's  torch.  The  apparatus 
was  fitted  with  a  resistance  so  that  when  the  current  of  electricity 
was  passed  through  the  platinum  the  latter  was  raised  to  a  dull 
red  heat;  consequently,  when  the  detector  was  pushed  up  into  a 
crevice  or  into  the  highest  part  of  a  working-place  where  gas 
was  present,  the  wire  became  perceptibly  hotter.  No  attempt  was 
made  to  fix  the  percentage  of  gas  by  a  galvanometer,  although 
Mr.  George  Fletcher,  a  County  Council  lecturer,  then  resident 
in  Derby,  did  construct  an  indicator  to  perform  this  duty.  A 
fireman  using  his  (Mr.  Ashworth's)  apparatus  had  to  guess  at  the 
percentage  of  gas  from  the  intensity  of  the  glow  of  the  platinum. 

He  (Mr.  Ash  worth)  considered  that  every  apparatus  designed 
as  a  detector  of  firedamp  should  possess  some  means  by  which 
the  atmosphere  under  test  was  compelled  to  pass  over  the  plat- 
inum in  the  same  way  as  with  the  ordinary  safety-lamp.  In 
order  to  attain  this  object  in  his  safety-lamp,  he  had  added  a 
platinum  loop  attached  to  a  pricker  wire,  which  was  heated 
either  by  the  lamp-flame  or  by  a  small  portable  battery.  At 
the  time  when  his  device  was  patented  there  was  no  demand  in 
and  around  coal-mines  for  apparatus  which  would  detect  a  less 

*  Trans.  Inst.  M.  E.,  1914,  vol.  xlviii.,  page  79. 
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percentage  than  that  given  by  an  ordinary  bonneted  Clanny 
safety-lamp.  The  Mackie  and  the  Beard-Mackie  arrangements 
were  subsequently  introduced,  without  adding  much  to  the 
efficiency  of  the  arrangement. 

Mr.  Ralph's  present  arrangement  was  cumbersome,  and 
appeared  to  be  deficient  in  its  capacity  to  make  a  test  for  gas 
close  to  the  roof  or  in  a  crevice:  no  arrangement  had  been  made 
for  the  cleaning  and  examination  of  the  gauze  part  nor  for  its 
locking ;  there  was  no  arrangement  for  compelling  the  air  which 
was  to  be  tested  to  enter  the  gauze  covered  chamber;  and  the 
pointer  of  the  galvanometer  was  not  covered  with  glass  so  as  to 
protect  it  from  injury.  Mr.  Ralph's  provision  for  the  mainten- 
ance of  the  voltage  at  one  constant  (which  was  a  matter  of  the 
first  importance  in  obtaining  correct  readings  by  such  apparatus) 
did  not  seem  likely  to  prove  entirely  satisfactory,  and  it  would  be 
interesting  to  have  some  tabulated  results  of  experiments  made 
when  the  voltage  varied  from  2  to  4. 

Prof.  William  Galloway  (Cardiff)  wrote  that  there  were  two 
points  in  regard  to  Mr.  Ralph's  paper  which  might  be  put  on 
record.  First,  Mr.  Haton  de  la  Goupilliere*  had  described  an 
instrument  invented  by  Mr.  (i.  Leon,  Ingenieur  en  chef  des 
Mines,  and  intended  for  the  same  purpose,  which  was  practically 
identical  with  Mr.  Ralph's  device.  In  Mr.  Leon's  instrument 
two  wires  of  the  A\  neatstone  bridge  were  isolated  from  contact 
with  the  air,  and  the  two  opposite  wires  were  exposed  to  it  inside 
small  wire-gauze  cylinders. 

Secondly,  Mr.  Ralph  claimed  that  the  temperature  of  his 
exposed  wire  was  not  high  enough  to  ignite  firedamp.  If  this 
wen'  the  case,  it  seemed  difficult,  however,  to  understand  why  his 
exposed  wire  should  assume  a  higher  temperature  in  the  presence 
of  "firedamp  than  in  its  absence,  unless  there  was  combustion 
going  on  in  the  air  immediately  in  contact  with  its  heated 
sin  lace. 

Mr.  Leon  had  found  thai  the  indications  of  his  instrument 
varied,  in  consequence  of  changes  in  the  conductivity  of  the 
exposed  wires,  due  to  heating  and  cooling,  as  well  as  changes 
in  the  strength  of  the  accumulator. 

Mi.  Eaton  de  la  Goupilliere  had  remarked  that,  owing  to  its 
very    sensitiveness,    the    instrument    presented    certain    defects 

*  Cours  d' Exploitation  des  Mines,  l>y  Haton  de  la  Goupilliere,  third  edition, 
revised  and  considerably  augmented  by  Jean  Bis  de  Bere,  1911,  page  1166;  see 
also  'funis,  hist.  M.  A'.,  1902,  vol.  xxiii.,  page  736. 
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which  had  prevented  its  use  from  extending  up  to  the  date  a1 
which  his  book  was  published  (1911),  and  that  it  was  too 
voluminous  and  heavy:  but  that  it  might  become  possible  to 
remedy  these  inconveniences,  and  thus  provide  the  mining- 
industry  with  a  firedamp  measurer  that  was  very  remarkable  in 
every  respect. 

Messrs.  H.  H.  Clark  and  Gr.  A.  Burrell  (United  States 
Bureau  of  Mines,  Pittsburgh)  wiote  that  the  device  developed 
by  Mr.  Ralph  for  detecting  methane  in  mine  air  was  of  the 
greatest  interest  to  the  staff  of  the  United  States  Bureau  of 
Mines.  It  was  generally  recognized  that  an  instrument  that 
could  be  attached  to  the  electric  lamp,  and  was  simple  in 
operation,  reliable,  and  durable,  would  enhance  the  usefulness 
of  the  lamp  immensely.  The  more  sensitive  such  a  device  was 
the  better,  but  a  sensitiveness  of  about  1^  per  cent,  would  put 
it  on  a  par  with  the  method  of  detecting  gas  by  using  the  modern 
safety-lamp. 

Mr.  Ralph  had  attacked  a  problem  that  had  occupied  the 
attention  of  engineers  and  chemists  for  many  years,  namely,  the 
utilization  of  the  properties  exhibited  by  a  platinum  wire  when 
heated  in  the  presence  of  air  and  methane.  It  might  be  said 
that  the  problem  had  not  yet  been  solved,  unless  Mr.  Ralph's 
device  stood  the  test  of  a  thorough  trial. 

It  would  appear  desirable  that  the  actual  tests  made  by 
Mr.  Ralph  should  be  reported  in  detail,  in  order  to  demonstrate 
the  sensitiveness  of  the  instrument,  and  in  support  of  his  state- 
ment that  there  would  be  little  or  no  permanent  change  in  its 
resistance.  If  this  were  the  case,  then  frequent  re-calibrations 
against  known  methane-air  mixtures  would  not  have  to  be 
made,  and  one  of  the  chief  difficulties  in  the  way  of  utilizing  the 
properties  of  platinum  wires  when  heated  in  the  presence  of 
methane  would  be  overcome. 

The  change  of  electrical  resistance  of  platinum  per  degree 
Centigrade  change  in  temperature  was  about  0*3  per  cent.  The 
means  suggested  for  observing  this  change  of  resistance,  while 
excellent  in  theory,  could,  in  the  circumstances,  hardly  be 
expected  to  be  very  sensitive.  It  would  be  surprising,  there- 
fore, if  small  amounts  of  gas  (say,  less  than  1|  per  cent.) 
( ould  raise  the  temperature  of  the  platinum  sufficiently  to  give 
trustworthy  indications,  especially  when  one  took  into  con- 
sideration the  variable  conditions  of  supply  of  heat  to  and  loss  of 
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Ileal  Brora  the  active  wire,  such  as  change  in  battery  voltage, 
changes  in  the  temperature  of  the  air,  and  draughts  of  air.  all 
of  which  might  well  be  encountered  in  practice.  The  United 
States  Bureau  of  .Mines  had  encountered  some  of  these  difficulties 
in  working  on  a  somewhat  similar  device.  A  statement  from 
Mr.  Ralph  regarding  these  matters  would,  therefore,  be  of 
exceeding  interest  and  value. 

Mr.  Ralph's  excellent  method  of  measuring  the  resistance  of 
the  wire  was  noted.  By  this  scheme  he  apparently  increased 
the  sensitiveness  of  the  apparatus  beyond  what  it  would  be  if  only 
the  deflection  of  the  galvanometer  pointer  were  measured.  For 
this  and  other  improvements  as  compared  with  preceding  devices 
Mr.  Ralph  deserved  much  praise,  as  also  for  his  persistence  in 
the  study  of  a  problem  of  so  much  importance  to  mining  men. 


DISCUSSION  OF  MR.  SAMUEL  DEAN'S  "NOTES  ON 
COAL-MINING  IN  THE  STATE  OF  ILLINOIS, 
UNITED  STATES  OF  AMERICA."* 

Mr.  George  S.  Rice  (United  States  Bureau  of  Mines, 
Pittsburgh)  wrote  that,  from  the  European  point  of  view, 
judging  from  the  many  enquiries  made  by  visitors,  the  most 
striking  feature  in  mining  in  the  United  States  of  America  (to 
which  Illinois  was  no  exception)  was  that  only  one  coal-seam 
was  worked  in  a  Locality,  with  the  exception  of  the  anthracite 
district  and  a  few  smaller  districts.  Mr.  Dean  mentioned  that 
there  were  six  seams  of  coal  in  Illinois,  which  merely  meant 
that  in  some  locality  or  district  in  Illinois  one  or  other  of  the 
six  \\;is  being  winked. 

It  might  be  of  interest  to  explain  that  the  chief  reason  why 
not  more  than  one  seam  was  worked  in  any  one  locality  was 
that  the  margin  of  profit  was  so  small  that  it  paid  only  to  work 
the  thickest   or  best    seam. 

As  Mr.  Dean  had  stated,  the  general  method  of  working  was 
by  loom  and  pillar.  The  only  longwall  working  of  any  impor- 
tance was  that  of  Northern  Illinois  in  connexion  with  the  mining 
of  the  No.  'J  Seam,  which  was  the  second  seam  from  the  bottom 
oi  the  coal-basin.  The  bottom  of  this  basin  was  well  marked 
by  a  thick  limestone  of  (he  Lower  Carbonaceous  Series,  below 
which    no  workable  coal   existed. 

*  Trmw.  Ih-i.  M.  E.,  19U,  vol.  xlviii.,  page  90. 


DISCUSSION       COAL-MINJNG    IN    THE   STATE    OF    ILLINOIS.  97 

The  No.  1  Seam  was  not  regular,  and  was  not  workable 
anywhere  except  in  a  tew  isolated  places.  The  No.  2  Seam 
worked  in  the  Northern  Illinois  longwall  district  ranged  from 
2  feet  8  inches  to  4  feet  in  thickness,  and  averaged  about  3  feet 
2  inches.  This  was  the  only  extensive  longwall  district  in  the  . 
United  States,  and  had  an  output  of  5,000,000  tons  per  annum. 

The  great  loss  of  coal  in  the  room-and-pillar  mines  in  the 
Central  and  Southern  parts  of  the  State  was  due  to  three  fac- 
tors— (1)  the  purchase  price  of  the  coal  was  so  low  (generally 
less  than  1  cent  per  ton),  that  there  was  no  incentive  to  good 
mining;  (2)  the  difficulties  of  extracting  the  pillars,  unless  the 
system  of  retreating  from  the  boundaries  was  employed,  which 
would  involve  a  larger  investment  than  the  operators  were 
willing  to  consider;  and  (•!),  which  had  an  influence  on  the 
second  factor,  the  value  of  the  surface  for  agricultural  purposes 
being  generally  greater  than  that  of  the  coal  in  the  ground,  any 
subsidence  of  the  surface,  which  was  quite  flat,  disturbed  its 
drainage,  particularly  as  most  of  the  ground  was  tilled.  The 
surface  was  worth  from  £22  10s.  to  £50  5s.  (100  to  250  dollars) 
per  acre,  whereas  the  coal  could  be  purchased  at  from  £3  2s.  to 
£22  10s.  (15  to  100  dollars)  per  acre. 

The  great  loss  of  50  per  cent,  of  the  coal  that  occurred  in 
mining  the  No.  6  Seam  in  the  Central  District,  a  percentage 
which  was  very  high  even  for  room-and-pillar  workings,  was  due 
to  the  necessity  of  leaving  large  pillars  and  their  non-recovery. 
When  the  pillars  were  made  smaller,  the  strong  roof  over  the 
middle  and  southern  part  of  the  field,  which  contained  a  heavy 
limestone  5  or  6  feet  above  the  coal,  did  not  break,  but  pushed 
the  coal  down  into  the  clay  underlying  the  No.  6  Seam.  This 
clay  was  comparatively  soft,  and  6  or  T  feet  thick ;  while  the 
depth  of  the  coal  below  the  surface  was  from  400  to  GOO  feet. 

With  regard  to  headframes,  Mr.  Dean  had  stated  that  "  At 
some  collieries  no  one  is  employed  at  the  pit-top  except  the 
winding-engineman  and  the  men  lowering  the  railway-trucks 
under  the  shoots,  the  tubs  being  weighed  at  the  pit-bottom."  He 
(Mr.  Rice)  thought  that  this  arrangement  must  be  very  excep- 
tional, as  in  his  long  acquaintance  with  Illinois  mines  he  had 
never  observed  any  mines  in  which  there  was  not  at  least  one 
man  at  the  pit-head  to  see  whether  the  pit-car  on  the  self- 
dumping  cage  was  dumping  properly,  and  to  "  bell  "'  away  the 
cage.  It  was  not  usual  to  weigh  the  pit-cars  underground,  the 
more  general  practice  being  to  dump  the  coal,  by  means  of  the 
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self-dumping  cages,  into  weigh-hoppers  which  discharged  on  to 
tlic  shaking  screens. 

The  essential  features  of  the  labour  scale  and  trade  agreement 
with  the  United  .Mine-workers  of  America,  given  in  Appendix 
I.  to  Mr.  Dean's  paper,  had  been  carried  into  effect  for  about  15 
years,  the  agreement  being  renewed  with  some  modifications  in 
favour  of  the  miners  every  two  years,  with  occasional  increases 
in  the  base  rates.  The  aggregate  advances  in  the  rates  ranged 
from  25  to  50  per  cent,  since  the  collective  system  of  bargaining 
was  begun  about  1897.  Similar  trade  agreements  were  in  effect 
in  the  competitive  States  of  Pennsylvania,  Ohio,  and  Indiana, 
being  sometimes  entered  into  at  joint  meetings  and  at  other 
times  by  separate  Stales. 

Other  groups  of  States  had  similar  joint  agreements  with 
the  miners  through  their  great  industrial  union,  the  United 
Mine-workers  of  America.  This  union  had  tried  to  bring  all  the 
States  under  one  agreement,  but  the  operators  had  not  conceded 
this  point.  While  by  far  the  larger  part  of  the  output  of  the 
I  nited  States  of  America  (probably  over  three-quarters)  was  pro- 
duced under  industrial  union  agreement,  there  were  some  dis- 
tricts that  did  not  adhere  thereto,  such  as  the  Connellsville  coke 
district  in  Pennsylvania,  the  larger  part  of  West  Virginia 
(including  the  Xew  River  and  Pocahontas  smokeless  coals),  part 
of  Eastern  Kentucky  and  Tennessee,  all  of  Alabama  districts, 
and  some  districts  in  Colorado  and  Xew  Mexico. 

Messrs.  H.  H.  Stoek  and  S.  0.  Axdeos  (Urbana,  Illinois, 
U.S.A.)  wrote  that  Mr.  Dean's  description  of  mining  practice  and 
conditions  in  Illinois  served  its  purpose  admirably,  but  a  few 
of  his  statements  referred  to  local  rather  than  to  general  practice. 

With  regard  to  the  (dosing  of  the  mines  regularly  about  April 
1st  every  two  years,  the  mine-workers  were,  as  Mr.  Dean  had 
stated,  very  well  organized,  and  the  preparation  of  the  biennial 
agreement  was  a  factor  in  the  April  closing.  It  must  be  remem- 
bered, however,  that  Illinois  coal  was  not  particularly  adapted 
to  storage,  and,  as  a  consequence,  in  the  spring  and  summer 
months,  when  the  market  for  coal  was  dull,  the  production  was 
materially  decreased.  The  spring  closing  was  not  always  unwel- 
come to  the  operator,  for  then  and  during  the  slack  summer 
months  lie  could  make  whatever  repairs  of  an  extensive  nature 
were  necessary,  and  undertake  such  new  construction  avs  would 
otherwise    have     interfered    with    the    working    of    the    mine. 
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Furthermore,  the  mines  were  nol  always  closed  during  this 
period,  although  this  was  frequently  the  c;iso. 

With  reference  to  the  quantity  of  coal  shot  off  the  solid,  it 
might  be  of  interest  to  note  that  4!)  per  cent,  of  (lie  entire  coal- 
production  of  the  State  was  undercut  by  machines.  The  machine- 
mined  coal  steadily  increased  in  quantity,  whilst  the  amount  of 
the  so-ealled  "  hand-mined  "  coal  remained  constant.  This 
meant,  of  eourse,  that  in  practically  all  new  mines  coal-cutting 
machines  were  being  installed.  The  present  annual  output  of 
machine-mined  coal  was  over  30,000,000  tons. 

It  was  regrettable  that  "permissible"  explosives  were  not 
being  introduced  as  rapidly  a^s  Mr.  Dean's  statement  seemed  to 
indicate.  The  use  of  such  explosives  was  confined  almost  wholly 
to  a  county  in  which  only  7  per  cent,  of  the  output  of  the  State 
was  produced,  this  county  accounting  for  99'5  per  cent,  of  the 
total  quantity  used  in  Illinois.  The  objection  of  the  operators  to 
the  use  of  permissible  explosives  was  based  on  the  fact  that  under 
the  methods  of  blasting  in  force  from  5  to  10  per  cent,  more 
coal  under  lj  inches  in  size  was  produced  by  their  employment; 
also  to  the  fact  that  controversies  in  regard  to  the  mining  wage- 
rates  had  usually  resulted  from  their  introduction. 

A  room-and-pillar  mine  operated  on  the  panel  system  with 
three  main  entries  was  rare;  and  probably  95  per  cent,  of  the 
mines  worked  on  the  panel  system  were  projected  with  only  two 
main  entries.  While  it  was  true  that  the  attempts  at  extraction 
of  pillars  in  Illinois  were  lamentably  unsuccessful,  it  should  be 
remembered  that  the  small  percentage  of  pillar-coal  thus 
recovered  was  due  to  the  adoption  of  improper  dimensions  of 
room  and  pillars,  a  system  which  rendered  a  *'  squeeze " 
inevitable  when  pillar-drawing  was  attempted.  Unsuccessful 
attempts  at  extraction  were  often  made.  The  amount  of  coal 
left  in  the  ground  was  probably  nearer  40  than  50  per  cent.  ; 
but,  even  after  an  examination  of  about  150  mines  by  the 
engineers  of  the  Illinois  Co-operative  Investigation,  it  was 
difficult  to  determine  any  definite  figure. 

With  respect  to  haulage  equipment,  the  coal  was  transported 
from  the  far-end  "  partings  "  by  mules  in  108  shipping  mines, 
by  cable  in  13,  and  by  electric  or  gasoline  locomotives  in  185 
mines.  The  electric  locomotives  in  use  in  several  mines  were  of 
the  third-rail  type.  Electric  gathering  locomotives  were  used  in 
comparatively  few  mines  for  secondary  haulage;  but  these  loco- 
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motives  were  employed  in  the  more  recently  opened  mines  and 
only  a  few  in  the  older  collieries.  Only  one  mine  had  come  under 
the  writers'  observation  in  which  the  use  of  gathering  locomotives 
had  been  discontinued  and  a  return  made  to  gathering  with 
mules.  It  would  have  been  impossible  to  maintain  rectilinear 
entries  at  this  mine  except  at  a  prohibitive  expense,  on  account 
of  the  numerous  rolls  in  the  roof  and  floor,  a  circumstance  which 
demanded  a  great  amount  of  drifting  in  hard  rock  for  the  main- 
tenance of  straight  entries.  The  added  cost  in  haulage,  amount- 
ing to  a  small  fraction  of  a  cent  per  ton,  was  offset  many  times 
by  the  lessened  cost  in  entry-driving.  The  average  capacity  of 
the  pit-cars  (or  tubs)  was  2  tons  or  less.  In  many  mines  the 
capacity  of  the  pit-cars  was  from  1  to  1^  tons. 

A  provision  of  the  State  Mining  Law,  which  had  been  in  force 
for  several  years,  required  that  the  lining  of  all  new  shafts  must 
be  of  fireproof  material.  Shafts  sunk  during  the  last  few  years 
were  lined  with  concrete  or  brick,  or  with  timber  covered  with 
cement.  While  a  few  operators  were  fearful  of  the  use  of 
carbide  for  acetylene-gas  illumination,  the  acetylene-gas  lamp 
was  general  in  Illinois  mines. 

At  a  few  mines  the  coal  was  weighed  at  the  pit-bottom  and 
dumped  into  a  bin,  from  which  it  was  hoisted  to  the  surface  in 
a  skip  holding  3  to  7  tons.  The  number  of  mines  at  which  this 
method  was  in  operation  was,  however,  negligible. 


DISCUSSION  OF  MR.  B.  C.  GULLACHSEN'S  PAPER 
ON  "HYDRAULIC  STOWING  IN  THE  GOLD- 
MINES OF  THE  WITWATERSRAND."* 

Mr.  George  S.  Rice  (United  States  Bureau  of  Mines,  Pitts- 
burgh) wrote  that  the  employment  of  the  extensive  installations 
for  hydraulic  stowing  on  the  Rand  described  by  Mr.  Gullachsen 
was  of  great  interest  and  value  to  mining  engineers  in  the  United 
States  of  America,  who  had  to  deal  with  difficult  problems  in 
deep  workings  of  copper-,  gold-,  and  silver-mines.  Dry  stowing 
and  caving  had  largely  replaced  square-set  timbering  methods 
in  the  United  States,  and  while  the  various  caving  and  sub- 
slicing  methods  were  hard  to  improve  upon  in  woiking  many 
kinds  of  ore-bodies,  particularly  those  in  the  Lake  Superior 
iron-ore  district,  there  was  undoubtedly  an  extensive  field  open 

*  Trans,   Inut,  M.  E.,  1914,  vol,  xlviii. ,  page  122, 
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for  hydraulic  stowing  in  sonic  of  the  deep  metal-mines.  This 
was  possibly  the  case  at  mines  in  the  copper  districts  of  Michigan 
and  Montana,  and  at  some  of  the  gold-  and  silver-mines  of 
Nevada  and  California.  The  shallow  zinc-  and  lead-mines  of  the 
Joplin-Missouri  district  seemed  to  offer  unusual  opportunities 
for  hydraulic  stowing,  as  the  great  piles  of  tailings  encumbered 
the  surface,  and  from  time  to  time  serious  cave-ins  occurred, 
owing  to  the  great  size  of  the  chambers  and  wide  flat  stopes,  which 
had  few  or  no  roof  supports.  Perhaps  the  rapid  changes  from 
prosperity  to  depression,  according  to  the  market  in  that  district, 
together  with  the  small  size  of  the  individual  mining  operations 
and  the  short-term  system  of  leasing,  had  prevented  a  trial ;  but 
it  was  somewhat  surprising  that  hydraulic  stowing  had  not  been 
used  in  other  metal-mining  districts  of  the  United  States,  except 
for  a  few  restricted  applications.  It  was  all  the  more  surprising, 
considering  the  extensive  employment  of  the  system  in  the 
anthracite  district  of  Pennsylvania. 

One  statement  made  by  Mr.  Gullachsen  was  open  to  question. 
He  had  written  :  — 

"As  is  well  known,  Upper  Silesia  receives  the  credit  of  being  the  birth-place 
of  hydraulic  stowing.  Even  if  it  had  been  employed  on  a  small  scale  at  a  previous 
date  in  other  parts  of  the  world,  it  remained  for  Herr  Bergrat  Williger  to  introduce 
it  on  a  large  and  economic  scale  at  the  Myslowitz  Mine  in  Upper  Silesia  during 
the  year  1901."* 

It  was,  however,  said  that  there  was  on  record  an  instance  of 
hydraulic  filling  in  1884  in  the  anthracite  district  of  Pennsyl- 
vania for  the  purpose  of  extinguishing  amine  fire;  and,  in  188G, 
according  to  Bulletin  Xo.  60  of  the  United  States  Bureau  of 
Mines,  the  system  was  adopted  to  prevent  subsidence  under  a 
mining  village.  Again,  according  to  this  Bulletin,  it  was 
employed  in  1887  to  provide  surface  support  at  the  Kohinoor 
Colliery,  Shenandoah  (Pennsylvania),  and  was  introduced  in  the 
northern  anthracite  field  in  1891  (see  Report  of  the  Bureau  of 
Mines  Department  of  Internal  Affairs  of  Pennsylvania  for  1897). 
Hydraulic-stowing  methods  were  so  far  advanced  in  this  distiict 
by  1893  that  a  party  of  German  engineers  from  the  Upper 
Silesian  coalfield  visited  the  region  in  that  year,  in  order  to 
investigate  the  system,  and  it  was  understood  that  they  recom- 
mended its  adoption  in  Upper  Silesian  mines.  The  fullest  credit 
must,  however,  be  given  to  the  Upper  Silesian  engineers  for  so 
developing  the  system  that  it  was  now  not  only  suitable  for  the 

*  Trans,  fust.  M,  E.,  1914,  vol,  xlviii.,  page  122. 
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purpose  of  filling  old  workings  in  order  that  the  pillars  might 
be  recovered,  and  for  preventing  subsidence  of  the  surface  (which 
were  the  chief  objects  for  its  adoption  at  certain  mines  of  the 
anthracite  district  at  that  time),  bnt  also  as  an  integral  part  of 
the  system  of  first  mining. 

The  employment  of  hydraulic  filling  in  the  anthracite-mines 
of  Pennsylvania  had  continued  to  expand  np  to  the  present  time, 
and,  if  it  were  judged  simply  as  a  filling  system,  his  (Mr.  Bice's) 
personal  observation  had  led  him  to  think  that  its  use  was  as  far 
advanced  in  that  district  as  in  the  Silesian  coalfield;  but,  for 
first  or  advance  mining,  its  application  had  only  recently  been 
started  in  the  former  district.  One  of  the  greatest  obstacles 
retarding  the  introduction  of  hydraulic  stowing  had  been  the  lack 
of  suitable  filling-material ;  many  of  the  old  refuse-dumps  had  al- 
ready disappeared,  and  the  remaining  dumps  were  fast  being 
hydraulicked  into  the  mines.  The  topography  of  the  region  was 
mountainous,  and,  unlike  Silesia,  there  were  for  many  miles  but 
insignificant  deposits  of  sand  and  gravel.  It  was  possible  that 
some  of  the  Glacial  sand  in  the  valleys  might  be  dredged  and 
used,  but  this  sand  was  so  mixed  with  clay  and  quicksand  that 
its  comprehensive  use  was  doubtful.  Apparently,  the  only  other 
source  of  suitable  material  was  to  be  found  in  the  quarrying  and 
crushing  of  the  rock  that  cropped  out  along  the  sides  of  the 
valleys.  AVhile  in  the  future  material  might  be  obtained  in  this 
way,  mine-operators  claimed  that  at  present  the  market  price  for 
the  coal  was  too  close  to  the  mine  cost  to  permit  of  this  additional 
expenditure  being  incurred. 

The  problem  of  supporting  the  surface  was,  however,  a  very 
serious  one  in  some  localities,  as  the  region  was  densely  populated, 
and,  in  consequence,  there  was  much  litigation  and  trouble, 
particularly  in  the  city  of  Scranton — a  city  of  nearly  150,000 
inhabitants,  with  populous  suburbs.  There  were  under  this  city 
from  four  to  eleven  workable  coal-beds,  the  thickness  of  which 
aggregated  60  to  80  feet  in  a  total  depth  of  strata  of  300  to  700 
feet  under  the  central  parts  of  the  city.  In  1910,  there  were 
twenty-seven  active  collieries  within  the  city  limits,  and  from 
these  mines  221,000,000  tons  of  coal  had  been  extracted  (see 
Bulletin  No.  25  of  the  United  States  Bureau  of  Mines).  It  was 
estimated  that  the  extraction  of  this  coal,  with  the  accompanying 
refuse,  represented  an  amount  that  was  larger  than  that  taken 
from  the  Panama  Canal.     Some  dry  rilling  and  some  hydraulic 
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filling  had  been  carried  out,  bill  it  was  thought  thai  half  i lie. space 
still  remained  open,  as  the  roof  material  of  most  of  the  coal-seams 
consisted  of  a  hard,  strong  sandstone.  Mining  was  continuing 
under  the  city  at  a  present  rate  of  (i, 000, 000  tons  per  annum. 
Under  such  conditions  there  had  necessarily  been  serious  subsid- 
ences from  time  to  time,  and  many  buildings  had  been  wrecked. 
although,  fortunately,  accompanied  so  far  with  practically  no 
loss  of  life.  These  subsidences  had  led  to  much  litigation  and 
trouble  between  the  city  of  Scranton  and  the  surface  property- 
owners  on  the  one  hand,  and  the  coal-operators  on  the  other,  who 
for  the  most  part  owned  the  underlying  coal.  In  some  cases 
compromise  agreements  had  been  reached ;  in  certain  special 
cases  artificial  pillars  had  been  built  in  the  old  mine-workings, 
and  some  hydraulic  filling  done;  but  no  broad  comprehensive 
plan  had  yet  been  agreed  upon.  Most  mining  engineers  who  had 
investigated  the  situation,  including  the  writer  and  other 
engineers  of  the  United  States  Bureau  of  Mines,  believed  that  in 
hydraulic  filling  lay  the  only  solution. 

Mr.  James  Gibson  (Cleveland,  Transvaal)  wrote  that  it  seemed 
a  pity  that  the  author  had  not  supplied  references  to  the  subject- 
matter  of  his  paper,  as  these  were  indispensible  to  anyone  wish- 
ing to  become  acquainted  with  the  details  of  the  various  schemes 
which  had  been  put  into  operation.  It  was  also  necessary  to 
follow  the  discussions  and  replies  to  the  papers  published,  for 
these  contained  the  elucidation  of  the  points  raised  in  the  dis- 
cussions. 

The  papers  so  far  published  that  were  of  importance  in  direct 
reference  to  the  sand-filling  schemes  introduced  on  the  Rand 
were  the  following  :  — 

(1)  "  Sand-filling  on  the  Witwatersrand,"  by  Edgar  Pam, 
Journal  of  the  Chemical,  Metallurgical,  and  Mining  Society  of 
South  Africa,  1910,  vol.  x.,  page  429;  and  vol.  xi.,  pages  17.  76, 
121,  and  169. 

(2)  "The  Sand-filling  of  Mines,"  by  W.  A.  Caldecott  and 
C  P.  Powell,  Ibid.,  1913,  vol.  xiv.,  pages  119,  264,  303,  368,  and 
409. 

(3)  "  A  System  of  Sand-filling  Used  on  the  Rand,"  by  R.  E. 
Sawyer,  Transactions  of  the  Institution  of  Mining  and  Metal- 
lurgy, 1912,  vol.  xxii.,  page  59. 

In  the  Government  Mining  Engineer's  Annual  Report  for  the 
years  1911 ,  1912,  and  1913,  published  by  the  Union  Government, 
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were  to  be  found  some  very  useful  and  interesting  data  with 
reference  to  this  subject  and  the  related  one  of  mine  subsidence. 

Mr.  Para's  paper  described  generally  the  method  adopted  in 
the  mines  of  the  Rand  Mines  group,  that  of  Dr.  Caldecott  and 
Mr.  Powell  dealt  with  the  Simmer  and  Jack  Scheme,  while  Mr. 
Sawyer's  gave  the  details  of  the  lay-out  at  the  Cinderella  Con- 
solidated  Mine,   the  only   one  of  its  kind  so   far  installed. 

The  differences  between  the  schemes  adopted  lay  mainly  in 
the  surface  arrangements  and  those  for  conveying  the  sand 
underground,  either  by  pipes  (Ferreira  Deep  and  others)  or 
launders  in  the  shafts  (Cinderella  Deep),  by  boreholes  (Robinson 
Deep  and  Simmer  and  Jack),  or  more  directly  through  shallow 
shafts  (Robinson  Gold-mining  Company).  There  were  no  marked 
differences  in  regard  to  the  practice  underground,  each  mine 
using  the  barriers,  etc.,  most  suited  to  the  requirements  of  the 
case.  One  point,  however,  which  the  author  bad  omitted  to 
mention  was  that  it  was  essential  to  have  a  good  telephone  system 
installed,  so  as  to  enable  the  underground  superviser  to  com- 
municate  quickly   with   the   surface. 

In  connexion  with  the  pipes  or  launders  employed  under- 
ground, it  was  well  to  note  that  great  help  was  derived  from  the 
use  of  a  good  design  of  gate  or  slat  for  the  regulation,  and  at 
times  the  complete  stoppage,  of  the  flow  of  pulp. 

With  reference  to  surface  equipment,  it  was  obvious  that  it 
was  dependent  upon  local  conditions,  and  the  proximity  to  the 
shaft  or  otherwise  of  the  dump  or  tanks  from  which  the  sand 
was  obtained,  or  the  borehole  through  which  it  was  flushed  into 
the  mine.  Each  scheme  must,  therefore,  in  its  turn  be  adapted 
to  these  conditions.  In  some  cases  it  was  necessary  to  have 
a  haulage  from  the  dump  or  tanks  to  the  surface-bins,  whilst 
in  others  this  was  not  necessary. 

At  the  Cinderella  Deep  the  wooden  launder  in  the  vertical 
shaft  appeared  to  have  given  some  trouble,  this,  according  to  Mr. 
Sawyer,  being  due  to  the  presence  of  an  excess  of  moisture. 
This  fact  was  mentioned  by  Mr.  Grullachsen  without  comment, 
but  surely  the  difference  of  a  small  percentage  in  the  amount  of 
moisture  present  in  the  sand  would  hardly  be  considered  a  gov- 
erning factor,  as  it  appeared  to  have  been,  thereby  affecting  the 
successful  working  of  the  scheme.  The  cause,  it  seemed,  must  be 
sought  elsewhere,  and  it  was  probably  due  to  the  small  dimen- 
sions of  the  launder,  and  perhaps  also  (but  in  a  less  degree)  to 
its  square  shape. 
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Mr.  Gullachsen  was  scarcely  explicit  enough  in  regard  to  the 
pipes  used  and  the  positions  in  which  certain  kinds  gave  the  best 
results.  He  had  merely  mentioned  the  several  kinds  used  at 
different  times,  but  did  not  state  with  what  successor  otherwise. 
To  avoid  repeating  the  experiences  which  had  been  unfavourable, 
it  was  necessary  that  the  suitability  of  the  various  kinds  of  pipes 
when  used  in  different  ways,  with  due  reference  to  their  cost,  life, 
and  maintenance,  should  be  well  understood  before  a  decision  was 
arrived  at  to  use  any  one  or  more  than  one  kind. 

On  the  Rand  steel  pipes  were  the  most  usual,  and  not  cast-iron 
pipes,  which  were  not  much  used,  except  perhaps  when  fixed  ver- 
tically. In  any  case,  the  life  of  pipes  in  the  vertical  portions  of 
the  shafts  was  short.  Wood-lined  pipes  were  largely  used  at 
first,  but  were  found  to  be  very  troublesome,  and  were  now 
hardly  employed  at  all.  The  other  specially  lined  pipes  were  not 
used  to  any  extent,  as  steel  pipes  had  proved  the  most  satisfac- 
tory, and  in  flat  places  had  a  very  long  life,  although  they  also 
wore  out  rapidly  when  in  the  vertical  position. 

The  author  was  not  correct  in  stating  that  sand-filling  on  the 
Hand  was  first  started  in  the  outcrop  mines,  or  that  it  was  intro- 
duced for  the  purpose  of  extracting  pillars,  which  was  only  a 
secondary  consideration.  The  primary  reason  was  to  afford  sup- 
port for  large  areas  which  had  been  undermined,  and  to  render 
safe  the  shafts  and  workings,  which  in  some  mines  had  been 
showing  signs  of  weakness  and  movement.  This  was  particularly 
the  case  in  some  of  the  deep  levels,  and  it  was  in  these  that  sand- 
filling  was  first  undertaken,  the  Ferreira  Deep  being  a  case  in 
point. 

Generally  speaking,  sand-filling  on  the  Band  had  not  been 
undertaken  as  an  economically  successful  venture,  but  for  the 
reasons  given  above,  namely,  to  safeguard  shafts,  workings,  and 
certain  important  areas  and  works  on  the  surface.  In  this 
respect  it  was  different  from  a  coalfield,  in  the  mines  of  which 
the  nature  of  the  substance  mined  and  in  most  cases  also  of  the 
overlying  strata  differed  so  widely  in  themselves.  Between  these 
again  and  the  hard  resisting  quartzites  of  the  Rand  there  was  a 
great  difference.  On  the  Rand  only  0  per  cent,  of  the  area  mined 
could  be  left  in  the  way  of  pillars,  etc.,  whereas  in  a  coal-mine 
the  area  might  easily  amount  to  30  per  cent.,  a  quantity  of  valu- 
able material  large  enough  practically  to  put  a  hydraulic-filling 
scheme  on  the  basis  of  a  sound  commercial  undertaking. 
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It  would  be  admitted,  but  it  was  worth  while  to  emphasize  the 
fact,  that,  in  any  circumstances,  where  adequate  support  was  to 
be  given  to  certain  areas  by  means  of  sand-filling,  the  areas  to 
be  filled  must  be  large.  In  the  case  where  it  became  necessary  to 
support  generally  an  extensive  tract  of  surface,  the  areas  to  be 
filled  must  be  very  carefully  selected,  according  to  the  conditions 
found  in  the  mines,  due  regard  being  especially  given  to  any- 
thing in  the  way  of  a  natural  barrier.  These  areas  or  blocks 
should  be  as  large  as  possible,  and  the  total  area  to  be  filled  should 
bear  a  high  ratio  to  the  area  requiring  support.  It  was  diffi- 
cult for  one  to  state  a  case  definitely,  as  the  governing  factors 
varied  so  widely.  The  depth,  width,  extent,  and  nature 
of  the  workings,  together  with  the  geological  nature  and  struc- 
ture of  the  rocks  on  the  one  hand,  and  the  object  for  which 
support  was  being  planned  on  the  other,  were  the  material  factors 
which  governed  one  in  considering  any  particular  case. 

Again,  the  nature  of  the  material  used  for  filling  must  be 
considered.  On  the  Rand  the  one  material  employed  was  the 
sand-residue  from  the  metallurgical  plants,  and  it  was  eminently 
suitable  and  satisfactory  in  use.  Referring  to  the  contraction  of 
this  sand  under  pressure,  it  was  interesting  to  note  that  the 
experiments  made  by  the  Union  Government  of  South  Africa, 
and  published  in  the  Government  Mining  Engineer's  Annual 
Report  for  1911,   showed  that  for  this  material — 

The  decrease  in  original  volume  was  5  per  cent,  for  a  pressure  of  30  tons*  per  square  foot. 

10  ..  ,.  120  ,.  „ 

„  ,,  ,.  15  ..  ..  350  ,.  „ 

17  ..  .  540 

*  2,000  pounds. 

It  was  usual  to  take  12  cubic  feet  per  ton  (2,000  pounds)  for 
the  Rand  quartzites,  hence  the  depths  corresponding  to  the 
above  pressures  would  be  360,  1,440,  4,200,  and  G,480  feet 
respectively.  One  must,  of  course,  not  jump  to  any  conclusion 
from  these  figures  as  to  the  pressure  exerted,  or  the  contraction  of 
blocks  of  sand  filled  in  at  any  depth.  Far  too  many  other  factors 
existed  and  operated  to  enable  one  to  form  any  definite  conclu- 
sion. 


The    following    paper    by    Mr.    William    ('alder    on      'The 
Maikop  Oilfield,  South  Russia."  was  taken  as  read,  as  follows: — 
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THE  MAIKOP  OILFIELD,  SOUTH  RUSSIA. 


By  WILLIAM  CALDER. 


The  district  of  Maikop  is  situated  in  the  Kuban  Province  (one 
of  the  largest  provinces  in  the  Russian  Empire),  the  greater  part 
of  which  embraces  the  northern  foothills  of  the  Caucasus,  whence 
it  extends  northward  for  a  great  distance  into  the  rich  wheat 
lands  comprising  the  area  intervening  between  the  Caspian  and 
Azov  Seas. 

•The  oilfield  of  Maikop  is  about  40  to  45  miles  distant  by  road 
from  the  town  of  Maikop  ;  the  area  staked  out  as  petroleum- 
bearing  is  oblong  in  shape,  and  approximately  30  miles  long  by 
10  miles  in  width.  The  principal  villages  in  the  vicinity  of  the 
field  are  Apsheronskaya,  Shirvanskaya,  Neftyanoya,  Hadajin- 
skaya,  and  Kabardinskaya.-  The  town  of  Maikop  is  situated  on 
a  branch-line  of  the  Armavir-Tuapse  Railway,  which  joins  the 
main  line  of  the  Vladikavkaz  and  Baku  Railway  at  Armavir. 
There  are  two  ways  of  reaching  the  oilfield  from  Maikop — one 
by  motor  or  horse  conveyance  along  the  military  road  to  Apshe- 
ronskaya, and  the  other  by  rail  to  Kurenka.  This  station, 
however,  being  at  the  extreme  north- western  end  of  the  field, 
is  not  so  convenient,  as  a  further  journey  of  about  20  miles 
over  very  bad  roads  is  necessary  to  reach  the  present  productive 
ceutre  of  the  oilfield. 

The  roads  from  Apsheronskaya  to  the  principal  productive 
centre  of  the  field  are  bad,  and  resemble  (though  apparently 
worse  than)  those  found  in  other  parts  of  the  Russian  Empire 
situated  away  from  the  main  military  roads. 

After  leaving  Apsheronskaya,  t he  road  takes  a  south-easterly 
direction  to  the  village  of  Shirvanskaya,  which  is  situated  on  the 
hanks  of  the  Peshek  River.  This  river,  although  about  300  feet 
wide,  is  not  navigable,  owing  to  the  many  shallows  which  exist 
in  various  places.  The  first  evidences  of  the  oil-industry  are 
met    ;il    Shirvanskaya,    where   there    is   a    small    refinery    and    a 
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water-pumping  station  for  the  supply  of  water  to  the  field  (Fig. 
3  in  the  text).  The  throughput  of  the  refinery  would  approach 
250  tons  of  crude  oil  per  day  if  it  were  possible  to  work  it 
continuously.  Unfortunately,  owing  to  the  bad  state  of  the  roads 
and  the  consequent  lack  of  efficient  transport  for  the  cartage  of 
finished  bye-products,  it  has  never  been  possible  to  work  the 
refinery  to  its  full  capacity  for  any  considerable  time.  There 
is  no  doubt  that  if  this  refinery  had  been  built  close  to  the  main 
Maikop-Tuapse  military  road,  where  there  is  always  an  ample 
supply  of  good  transport-wagons,  it  could  have  been  kept  work- 


Fig.  3. — Partial  View  of  Shirvanskaya  Refinery. 

ing  continuously  at  full  capacity,  and  would  have  given  hand- 
some returns. 

The  road  proceeds  from  Shirvanskaya  in  a  south-westerly 
direction,  and  before  long  prospecting  derricks  are  observed 
amongst  the  trees  on  the  hillsides.  Before  one  finally  reaches 
the  producing  wells,  the  main  oil-pumping  station  is  passed.  It  is 
from  this  station  that  all  the  crude  oil,  with  the  exception  of  the 
small  quantity  used  at  the  Shirvanskaya  refinery,  is  dispatched 
by  pipe-line  to  the  principal  refinery  at  Ekaterinodar,  which  is 
situated  at  a  distance  of  about  65  miles.. 
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The  pumping-station  contains  a  duplicate  set  of  pumping 
machinery  capable  of  pumping-  direct  to  the  tanks  at  Ekateri- 
nodar  approximately  3,000  tons  of  crude  oil  per  24  hours.  The 
Lee  Howl  pumps,  which  are  of  the  high-pressure  three-cylinder 
single-acting  type,  have  cylinders  8|  inches  in  diameter  by  15 
inches  stroke,  and  are  gear-driven  direct  from  a  main  shaft 
coupled  to  a  150-horsepower  vertical  Diesel  motor.  The  pipe- 
line is  8  inches  in  diameter,  and  when  oil  of  0-850  specific  gravity 
is  pumped,  a  pressure  of  about  18  to  20  atmospheres  is  required 
to  force  the  oil  to  Ekaterinodar. 


Fig.  4. — General  View  of  Part  of  Light-oil  Producing  Area. 

At  the  present  time,  owing  to  the  low  production,  it  is  only 
necessary  to  work  the  pumps  about  two  days  per  week ;  but, 
when  the  production  increases,  there  is  every  facility  for  hand- 
ling nearly  double  the  above  amount,  as  a  second  pipe-line  runs 
to  Tuapse  from  Hadajinskaya,  and  could  be  brought  into  use 
at  very  short  notice. 

The  first  producing  wells,  which  are  situated  close  by  the 
pumping-station,  are  on  plots  Xos.  513,  5-33,  534,  and  554  shown 
on  Fig.  1  (Plate  VII.).  The  wells  here  pump  heavy  oil  from  the 
first  oil-sand,  which  further  west  is  unproductive  owing  to  the 
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proximity  of  water-bearing  strata.  As  this  extension  of  the  field 
has  only  recently  been  opened  up,  it  is  still  in  the  prospecting 
stage.  The  wells  in  consequence  are  not  heavy  producers,  and 
average  only  about  1  ton  per  day:  but,  as  the  area  becomes 
opened  up  and  new  wells  are  sunk,  better  producers  will 
undoubtedly  be  brought  in. 

Proceeding  further  west,  the  light-oil  district  is  entered  upon 
(Figs.  4,  5,  6,  and  7  in  the  text).  Here  oil  is  being  exploited  on 
plots  Xos.  488,  489,  •">.  and  490  (Fig.  1.  Plate  VII.).  The  original 
well    to    which    the    Maikop    boom    a    few    years    ago    was    due 


Fig.  5. — View  of  Producing  Wells  in  Light-oil  Area. 

was  located  on  plot  Jso.  490.  Since  its  discovery  this  plot  has 
been  actively  worked;  the  wells,  however,  are  now  gradually 
producing  less  and  le>^.  and  the  production  per  well  averages 
only  about  f  to  1  ton  per  day. 

Proceeding  northwards  with  the  strike  of  the  oil-bearing 
strata,  one  finds  that  the  boundaries  of  the  latter  have  been 
thoroughly  defined  by  the  drilling  of  wells,  and  that  the  wells 
become  increasingly  prolific,  until  the  northern  edge  of  the 
developed  area  is  reached. 

It  is  peculiar  that,  although  the  general  dip  of  the  strata  in 
this  neighbourhood  is  north-eastward  (and  so  far  no  faults  have 
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been  discovered),  the  oil-bearing  sands  found  in  the  oil-pool 
are  confined  to  a  narrow  strip  which,  so  far  as  it  has  been  traced. 
baa  a  winding'  course  similar  to  that  of  a  river. 

It  is  everywhere  noticeable  that  the  greater  part  of  the  oil 
extracted  is  obtained  by  means  of  deep-well  pumps  operated  from 
central  reciprocating  machines  driven  by  gas-motors,  the  gas  for 
which  is  obtained  by  suction  from  the  wells.  The  extraction  of 
oil  by  means  of  deep-well  pumps  is  no  novelty :  it  is  the  only 
method  used  in  the  United  States  of  America ;  but  in  the  Russian 
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Fig.  6. — View  of  Producing  Wells  in  Light-oil  Area. 


and  other  European  fields  it  is  customary  to  work  the  oil-wells 
by  means  of  baling  buckets  and  hoisting  drums. 

The  use  of  pumps  in  the  United  States  of  America  is  un- 
doubtedly due  to  the  high  cost  of  labour.  In  Russia  and  other 
Continental  oil  countries  labour  is  very  cheap,  and  doubtless 
producers  prefer  to  continue  antiquated  methods  rather  than 
introduce  mechanical  appliances.  The  conditions  at  Maikop, 
however,  changed  rapidly  after  the  wells  had  lost  their  initial 
pressure,  and  it  was  found  necessary  to  raise  the  oil  by  means 
which  would  reduce  the  great  expenditure  in  wages  and  the 
loss  of  oil  through  leakage  entailed  by  baling. 
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By  the  pumping-plants,  as  now  installed,  the  oil  is 
extracted  at  a  minimum  cost ;  and,  as  the  wells  are  likely  to 
continue  to  produce  oil  in  small  quantities  for  a  considerable 
period,  it  is  safe  to  assume  that  the  returns,  although  not  so 
rapid,  will  at  least  be  as  great  and  far  more  reliable  than 
those  which  may  lie  expected  from  spouting  and  larger  producing 
wells  operated  bj-  baling. 

With  the  exception  of  a  small  quantity  of  oil  obtained  in  the 
Hadajinskaya  district,  all  the  oil  extracted  in  the  Maikop  district 
has  been  obtained  from  the  small  area  just  reviewed,  a  producing 
area  less  than  a  square  mile.     Even  this  small  area  would  have 


Fig.  7. — View  looking  Northwards  in  Light-oil  Area,  with  Producing 
Wells  in  the  Foreground. 


been  abandoned  long  ago  if  it  had  not  been  for  the  courage  shown 
by  the  several  English  companies  now  working  the  field,  and 
the  adoption  by  them  of  economical  American  methods. 

It  is  regrettable  that  Russian  leaseholders  and  others  show 
such  little  faith  in  Maikop;  although  still  retaining  their  leases, 
they  have  stopped  all  prospecting  operations,  and  are  appar- 
ently "  marking  time  "  until  the  present  operating  companies 
have  extended  the  oil-bearing  area.  This,  unfortunately,  is  im- 
possible, as  the  land  north  of  the  present  producing  area  is  in 
the  hands  of  those  who  are  now  marking  time,  and  unless 
they  start  prospecting  work  or,  better  still,  give  up  their  leases, 
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thus  permitting  others  to  develop  the  properties,  Maikop  as  an 
oil-producing  centre  will  undoubtedly  have  a  further  sel  back 
until   the   Russian    Governmenl    realizes   the  true   condition   of 

a  Hairs. 

It  has  been  mentioned  repeatedly  that  the  drilling  difficulties 

in  this  district  were  extraordinary  and  unknown  in  other  fields. 
This,  however,  is  incorrect  ;  in  fact,  it  is  a  comparatively  easy 
field  to  drill,  and  does  not  present  any  of  the  nigh  insurmount- 
able difficulties  met  with  in  many  other  oilfields.  At  the  com- 
mencement of  operations,  owing-  to  the  scarcity  of  thoroughly- 
trained  petroleum  engineers  and  managers,  many  of  the 
companies  were  obliged  to  engage  their  staffs  from  various 
points  in  the  Caucasus.  The  majority  of  the  employees  engaged 
were  acquainted  only  with  the  Baku  and  Grozny  drilling 
methods.  These,  although  possibly  the  best  conceivable  for 
the  strata  met  in  the  respective  districts  mentioned,  were  abso- 
lutely unsuited  for  the  Maikop  field.  Other  companies  were  con- 
tent to  engage  as  managers  men  whose  only  qualification  for  the 
work  was  a  knowledge  of  the  Russian  language;  while  certain 
companies  considered  that  the  most  suitable  engineers  they 
could  send  out  were  men  used  to  mineral  and  water  prospecting. 
From  one  end  of  the  field  to  the  other  there  is  evidence  to  show 
that  although  some  of  these  engineers  and  managers  attempted 
to  fulfil  their  tasks  with  the  best  of  intentions,  they  were  but 
amateur  pioneers. 

As  the  principal  oil-producing  centres  of  the  Caucasus  have 
been  worked  for  a  considerable  period,  they  are  well  settled 
with  permanent  residents,  and  have  all  the  conveniences  found 
in  any  large  manufacturing  centre.  As  a  result,  petroleum 
engineers  trained  at  any  of  these  places  have  no  opportunity 
of  acquiring  a  knowledge  of  pioneering  work  or  its  requirements, 
and  when  confronted  with  such  an  undertaking  can  only  intro- 
duce Russian  methods,  which  are  altogether  too  heavy  and 
cumbersome. 

In  these  circumstances  it  is  not  surprising  that  with 
antiquated  drilling  systems  unsuited  for  prospecting  work  and 
inexperienced  overseers,  ordinary  everyday  drilling  difficulties 
were  magnified  out  of  all  due  proportion.  The  present  group  of 
English  companies  were  fortunate  in  adopting  from  the  very  start 
of  their  operations  the  Canadian  well-drilling  type  of  tools.  From 
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the  commencement  they  had  many  difficulties,  as  their  Russian- 
trained  engineers  were  totally  unacquainted  with  this  system  of 
drilling.  Xow,  however,  all  their  staff  and  workmen  are 
thoroughly  acquainted  with  this  method,  and  it  must  be  admitted 
that  very  good  results  are  obtained,  wells  of  600  to  1,000  feet 
being  drilled  with  three  columns  of  pipes.  The  first  or  stand-pipe 
can  in  most  cases  be  withdrawn  after  the  well  has  been  com- 
pleted; the  second  column  has  unfortunately  to  be  stopped  at 
about  450  feet,  in  order  to  exclude  from  the  well  a  strong  feeder 
m/et  near  this  depth,  otherwise  it  would  be  possible  to  complete 
wells  of  1.000  feet  with  one  column  of  pipe. 

These  out-of-date  drilling  methods  are  not  used  on  any  other 
oilfield,  and  require  mentioning.  The  special  feature  in  the 
Baku  system  is  the  use  of  the  "  freefall  "  for  picking  up  and 
dropping  the  tools  while  the  drilling  is  in  progress,  the  working 
of  which  is  very  laborious  and  exhausting.  The  maximum 
number  of  times  that  the  tools  can  be  lifted  and  dropped  is 
between  35  and  40  per  minute,  and  as  a  drilling  run  (deeper 
perforation)  averages  about  2  feet  and  takes  from  three-quarters 
to  an  hour,  it  will  be  realized  that  the  driller  at  the  end  of  a  run 
is  completely  exhausted.  The  reasons  why  the  use  of  this 
system  is  continued  are  many,  but  it  will  suffice  to  state  that, 
owing  to  the  brokenness  of  the  strata  at  Baku,  wells  of  large 
diameter  are  needed.  It  is  seldom  that  any  one  column  of  pipe 
can  be  sunk  more  than  300  feet,  as  the  broken  strata  usually  seize 
the  pipe  and  grip  it  in  such  a  way  that  it  cannot  be  moved  up  or 
down.  The  initial  diameter  of  a  well-pipe  is  frequently  as  much 
as  40  inches,  a  size  for  which  the  usual  deep-well  tools  and  plant 
are  not  suited. 

The  Grozny  method  is  a  very  old  type  of  the  cable-tool 
system,  and  was  introduced  from  the  Fnited  States  of  America 
about  30  years  ago.  In  the  latter  country  many  improvements 
have  been  made  in  plant,  tools,  and  manner  of  operation, 
but  the  Grozny  method  remains  to-day  essentially  the  same  as 
it  was  when  first  introduced  from  America. 

The  Canadian  well-drilling  tools  are  very  similar  to  those  in 
use  with  the  cable-tool  system.  There  is,  however,  one  very 
important  difference,  namely,  the  use  of  drilling-rods  or  poles 
instead  of  a  cable.  For  shallow  wells  of  a  depth  not  exceed- 
ing 1,500  feet,  such  tools  are  admirably  suited,  and,  as  they  are 
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t > ; i < \  to  operate,  highly-trained  men  such  as  are  needed  on  the 
cable  system  are  unnecessary. 

The  shutting-off  of  feeders  in  all  wells  is  now  absolutely  com- 
pulsory, and  as  the  fulfilment  of  the  law  is  under  the  supervision 
of  a  Technical  Committee,  composed  of  representatives  of  the 
producers,  each  well  has  to  be  proved  absolutely  dry  before  the 
drilling  is  allowed  to  be  continued  to  t lie  oil-sand.  If  this 
law  had  been  enforced  rigorously  from  the  start  of  operations, 
undoubtedly  many  of  the  companies  that  have  suspended  work 
would  be  paying  concerns  to-day.  The  exclusion  of  water  can 
in  no  case  be  classed  as  impossible,  because  there  is  always  below 
the  water-bearing-  strata  a  good  bed  of  stiff  clay  into  which  the 
well-pipe  can  be  forced.  The  only  instances  in  which  this  cannot 
always  be  successfully  accomplished  are  those  where  the  wells  are 
sunk  in  the  neighbourhood  of  abandoned  wells,  drilled  previous 
to  the  enforcement  of  the  law,  and  in  which  no  precautions  were 
taken  to  shut  off  the  water. 

The  shutting-off  of  feeders  in  oil-wells  is  of  paramount 
importance,  and  neglect  to  do  this  properly  may  mean  the 
irretrievable  loss  not  only  of  the  particular  well,  but  of  others 
even  at  a  long  distance.  Various  means  are  used  for  the  safe 
and  permanent  shutting-off  of  feeders,  and,  where  the  inflow  is 
strong,  it  may  be  necessary  to  use  cement.  The  simplest  method 
in  this  case  is  to  make  a  cement  slurry,  which  should  be  trans- 
ferred quickly  to  the  bottom  of  the  well  through  small  pipes  of 
a  diameter  not  exceeding  2  inches.  As  soon  as  sufficieni  cement 
has  been  passed  down  the  well,  the  well-pipe  or  casing,  which 
previous  to  the  cementation  should  have  been  lifted  about  5  feet 
from  the  bottom,  is  now  dropped  quickly  into  the  cement  plug, 
and  if  possible  forced  into  undrilled  ground  or  strata. 

In  very  serious  cases  it  may  be  necessary  to  use  a  cementing 
plunger  or  packer,  which  will  permit  of  the  cement  being  pumped 
into  the  well  under  pressure,  and  thus  being  forced  outwards 
and  upwards.  By  this  means  all  cavities  and  crevices  are  filled 
up  completely,  and,  if  the  well  remains  undisturbed  for  a  suffi- 
ciently long  period  to  permit  of  the  cement  hardening 
thoroughly,  the  feeder  will  be  effectually  shut  off  and  the  further 
deepening  continued  without  the  risk  of  flooding. 

In  the  Maikop  district  the  feeders  met  are  not  very  strong, 
and  as  they  are  usually  underlain  by  beds  of  stiff  dark-grey  clay, 
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into  which  the  well-pipe  or  casing  can  be  forced  by  means  of 
screw-jacks,  a  very  thorough  and  efficient  shut-off  ls  made,  the 
only  delay  being  that  necessary  to  prove  the  well  absolutely  dry 
in  accordance  with  the  mining  laws. 

With  respect  to  the  geology  of  the  field,  a  great  deal  has  been 
written  on  this  subject.  Unfortunately,  the  majority  of  the 
geologists  who  have  so  far  made  investigations  have  not  been  able 
to  locate  any  new  body  of  oil.  the  two  horizons  now  being 
worked  having  been  discovered  by  means  of  the  drill.  No 
definite  theories  have  been  advanced,  except  by  a  well-known 
member  of  the  Russian  Geological  Survey,  who  stated  at  the 
commencement  of  operations  that  it  was  probable  that  the  oil 
would  be  found  in  pools  following  the  trend  or  direction  of 
ancient  river-beds  northwards,  or  possibly  an  old  coast-line.  This 
theory  appears  to  be  the  most  plausible,  as  the  development  of 
the  light  oil-sands  tends  to  confirm  it.  By  referring  to  Fig.  1 
(Plate  VII.),  it  will  be  observed,  as  already  stated,  that  the 
outline  and  direction  of  the  oil-pool  has  all  the  appearance  of  a 
winding  river. 

Considering  that  the  surface  indications  of  oil  over  the  large 
petroleum-bearing  area  are  few  and  of  little  note,  the 
above-mentioned  geologist  must  be  complimented  for  having 
advanced,  at  a  time  when  no  extensive  prospect  drilling  had  been 
done,  a  theory  which  now  appears  to  be  correct.  It  is  to  be 
hoped  that  those  leaseholders  whose  waiting  policy  now  prevents 
the  northward  extension  of  the  main  pool  will  assist  by  exploring 
the  plots  which  are  on  the  line  of  extension,  and  by  opening  up 
more  productive  territory  confirm  the  above  theory. 

It  is  more  than  possible,  if  the  extension  is  found,  that  it  will 
continue  more  or  less  in  a  north-westerly  direction,  as  it  will  be 
seen  by  reference  to  Fig.  1  (Plate  VII.)  that  oil  and  gas  indi- 
cations have  been  met  with  in  prospect-drilled  wells  all  along  the 
field    in    this    direction. 

Owing  also  to  the  presence  at  the  surface  in  the  Peshek  River 
valley,  near  the  village  of  Apssheronskaya,  of  stiff  dark-grey 
clay  (which  is  usually  miet  overlying  the  oil-sand),  it  is  highly 
probable  that  other  oil-pools  will  be  found  in  this  neigh- 
bourhood. It  should  be  noted  that  absolutely  no  con- 
clusive prospecting  work  has  yet  been  done  in  this  direction. 
This  is  possibly  because  there  are  no  surface  indications  of  gas  or 
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oil ;  but.  as  already  stated,  such  surface  indications  in  other  parts 
of  the  Held  arc  few  and  of  little  account,  and  the  confirmation  of 
the  presence  of  oil  was  only  obtained  in  prospect  wells,  which 
unfortunately  in  the  majority  of  attempts  were  never  drilled  to 
a  conclusive  depth,  although  they  all  passed  into  thick  beds  of 
dark-grey  clay,  which  would  act  as  an  impervious  cover  and 
prevent  any  oil-indications  from  seeping  to  the  surface.  The 
widespread  occurrence  of  oil  and  gas  indications  at  depth  will 
be  noted  from  the  sections  of  prospect  and  other  wells  drilled 
at  various  points  between  Shirvanskaya  and  Hadajinskaya 
(see  Appendix). 

It  will  be  seen  that  in  all  the  sections  a  dark-grey  clay  was 
met.  which  preceded  the  indications  of  gas  and  oil.  This  may  be 
taken  as  characteristic  of  the  field;  and,  as  a  similar  clay  crops 
out  at  the  surface  near  Apsheron skaya,  it  is  therefore  quite 
feasible  that  here  also  there  are  covering  conditions  similar  to 
those  that  have  been  proved  elsewhere. 

In  such  circumstances  it  is  absolutely  impossible  to  look  for 
assistance  from  the  geologists,  as  any  conclusions  that  they  may 
form  will  only  be  theoretical  and  impossible  of  confirmation 
by  surface  indications  or  outcrops.  Where  the  geologist  can 
assist  is  in  making  an  accurate  topographical  plan  of  the  present 
producing  area  and  the  country  to  the  north.  From  such  a  plan 
and  the  drilling  records  of  producing  wells,  cross-section  plans 
of  the  oil-pool  could  be  prepared,  and  from  these  it  may  be 
possible  to  define  the  further  extension  and  direction  of  the  pio- 
ducing  area. 

According  to  the  Russian  Petroleum  Land  Laws,  so  soon  as 
any  territory  is  proclaimed  oil-bearing,  the  same  is  divided  up 
into  prospecting  claim  sections,  known  as  "  zayavkas,"  measur- 
ing about  82  acres  in  area.  Any  applicant  for  an  oil  exploitation 
license  has  the  right  to  select  a  plot  of  25  acres,  known  as  an 
"  otvod,"  from  any  part  of  the  zayavka  on  which  he  registered 
for  an  otvod  license ;  for  each  license  a  nominal  otvod  rental  is 
paid  yearly,  plus  a  royalty  on  each  pood  (36  pounds  English)  of 
oil  extracted. 

A.s  the  applicant  is  privileged  to  stake  out  his  otvod  on  any 
part  of  the  unoccupied  area  of  the  zayavka,  it  is  seldom  that  more 
than  two  full  licences  can  be  staked  out  on  one  zayavka.  The 
remaining  areas  of  the  latter  which  do  not  include  the  full  25 
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acres  are  withdrawn  from  occupation  and  reserved  for  a  period, 
being  finally  let  by  auction  to  tlie  highest  bidder.  Such  otvods 
are  known   as   "small-size"  plots,   and  vary  in  area. 

The  unfairness  of  this  law  will  be  understood  when  it  is  stated 
that  no  otvod  holder  is  entitled  to  more  than  one  otvod  on  any 
one  xayavka  :  consequently  should  oil  be  discovered  in  paying 
quantities  the  owners  of  adjoining  otvods  benefit  by  the  develop- 
ments. It  is  more  than  probable  that  this  has  partly  been  the 
cause  of  the  majority  of  lease  or  otvod  owners  suspending  pros- 
pecting operations,  hoping  that  the  owners  of  adjoining  otvods 
would  take  in  hand  such  necessary  prospecting  as  might  lead  to 
] laying  oil  being  found. 

By  reducing  the  otvods  to  so  small  an  area  and  an  equivalent 
reduction  in  rental,  an  incentive  has  been  given  to  speculators 
who  never  have  any  intention  of  doing  genuine  prospecting  work 
and  who  only  take  up  the  land  rights  so  as  to  be  able  to  resell 
at  a  fabulous  price. 

A  partial  remedy  would  be  the  allotting  of  the  full  zayavka 
area  for  exploitation  purposes  on  one  license,  instead  of  as  at 
present  only  25  acres.  This  has  been  mentioned  in  order  to  make 
clear  the  conditions  under  which  claimis  are  granted,  and  to 
assign  a  possible  reason  why  the  vast  majority  of  leaseholders  have 
stopped  all  prospecting  work.  On  the  other  hand,  it  is  only  right 
to  add  that  a  great  number  of  leases  situated  on  the  southern 
boundary  and  in  other  parts  are  (owing  to  geological  conditions) 
absolutely  hopeless  as  potential  oil-producers,  and  should  be 
relinquished,  as  the  money  paid  yearly  in  keeping  the  license 
open  could  be  more  advantageously  used  elsewhere,  more 
especially  by  those  companies  that  are  still  in  operation. 

By  referring  to  Fig.  1  (Plate  VII.)  it  will  be  seen  that  gas  is 
shown  on  plot  No.  <>27.  The  gas  was  encountered  in  a  prospecting 
well  that  Mas  not  completed,  owing  to  the  top  water  never 
having  been  effectually  shut  off.  This  is  the  most  easterly  well 
that  has  been  drilled  on  the  field.  Proceeding  north-west,  no 
prospecting  work  has  been  done  until  plot  No.  554  is  reached. 
It  is,  however,  safe  to  assume  that  the  intervening  area  is 
practically  barren,  as  the  outcrops  at  several  points  show  con- 
clusively the  impossibility  of  oil  being  present.  From  No. 
554  plot  to  beyond  Xeftyanoya  oil  has  been  developed  and 
indications  met  with  at  many  points,  the  principal  being  at  Xo. 
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411  and  otvod  Xo.  2.  At  the  latter  place  a  well  sunk  to  a  depth  of 
over  1,300  feet  struck  a  rich  oil-sand,  from  which  the  well  filled 
and  spouted  a  very  fine  grade  of  light-gravity  oil  that  gave  every 
indication  of  a  rich  source  having  been  struck.  To  comply  with 
Ihe  Alining  Rules,  it  was  necessary  to  prepare  tanks,  pipe-lines, 
etc.,  and  the  well  had  to  be  shut  in  during  a  period  of  about  10 
days;  on  being  reopened,  it  was  found  that  the  oil  and  gas 
pressure,  which  previously  had  been  very  great,  had  completely 
disappeared.  A  small  quantity  of  oil  was  obtained  from  the  well 
during  several  weeks,  but  this  also  finally  disappeared.      That 


Fig.  8. — Hadajinskaya  Producing  Wells. 


so  apparently  prolific  a  body  of  oil  should  disappear  suddenly 
was  and  is  still  a  mystery,  the  only  feasible  theory  so  far  adduced 
being  that  the  oil  had  travelled  some  distance  through  a  fissure, 
and  that  owing  to  an  underground  earth-movement  this  fissure 
or  pavssage  became  blocked  up.  It  has,  however,  been  definitely 
proved  that  a  rich  body  of  oil  exists  in  the  neighbourhood  of 
this  and  other  adjoining  plots,  and  persistent  efforts  should  be 
made  to  re-discover  the  same,  for,  when  once  found,  it  will  un- 
doubtedly  prove    to    be   a    much    richer    and    larger    producing 
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area  than  that  now  under  exploitation.  As  confirmation  of  this 
opinion,  it  may  be  mentioned  that  many  active  seepages  of  oil 
exist  in  the  valley  in  which  otvod  No.  2  lies;  and  similar  seepages 
can  also  be  seen  in  the  next  valley  towards  the  west. 

Between  Neftyanoya  and  Hadajinskaya  villages  oil  indica- 
tions have  only  been  met  with  in  prospect  wells  drilled  on 
zayavkas  Nos.  238  and  171:  but.  as  both  indications  were  at 
shallow  depths,  they  are  of  no  great  importance.  Xear  Hada- 
jinskaya village  a  heavy-grade  oil  has  been  developed  at  a  depth 
of  about  GOO  feet;  but  the  production  per  well  is  small,  only 
averaging  about  h  to  5  ton  per  day.  Xorth-west  of  Hadajinskaya 
(Fig.  8  in  the  text)  and  towards  Kabardinskaya  a  light-gravity 
oil  has  been  developed  at  about  2.200  feet  on  zayavkas  Nos.  108 
ami  120.  It  is,  however,  quite  apparent  that  only  the  edge  of 
the  pool  has  been  touched,  and  the  true  direction  of  the  oil-pool 
will  not  be  known  until  further  wells  have  been  sunk. 

In  conclusion,  it  must  be  admitted  by  all  experienced 
engineers  who  know  the  Maikop  oilfield  that  the  country  has 
never  been  adequately  tested;  and,  although  it  is  looked  upon  at 
present  by  many  as  a  failure,  there  is  evidence  that  it  will 
eventually  develop  into  a  producing  centre  of  the  first  rank. 
Its  geographical  position,  combined  with  the  small  cost  of  dril- 
ling and  working,  is  such  that  in  the  very  improbable  event  of 
oil  prices  falling  so  low  as  to  make  exploitation  at  Baku  and 
Grozny  unremunerative.  the  Maikop  producers  would  still  be 
aide  to  work  their  wells  with  a  margin  of  profit,  even  if  the  wells 
added  in  the  future  should  never  be  greater  producers  than  those 
now  in  operation. 

It  should  not  be  forgotten  that  the  Grozny  district,  which  has 
every  indication  of  becoming  the  premier  oil-producing  district 
of  Russia,  was  under  a  cloud  for  a  period  of  10  years,  and  was 
also  condemned  as  of  little  good.  It  is  now.  however,  amply 
justifying  the  faith  of  the  few  who  always  thought  well  of  the 
district  as  a  potential  oil-producing  centre. 

When  the  British  Government  had  decided  definitely  to 
partly  adopt  oil-fuel  instead  of  coal  for  naval  purposes,  a  great 
deal  was  written  in  the  press  respecting  the  many  advantages  of 
oil  for  fuel  and  other  purposes.  As  a  result  of  this  publicity, 
stock  manipulators  immediately  took  advantage  of  the  public 
interest  in  the  oil  question  and  created  an  oil  boom,  with  Maikop 
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as  the  principal  bait.  It  is  to  be  regretted  that  the  district  was 
brought  into  so  much  prominence  at  that  time,  and  it  can  safely 
be  stated  that  the  present  pessimism  has  been  solely  caused  by 
the  absurd  statements  made  at  the  time  of  the  boom  by  a  great 
many  who  were  absolutely  unacquainted  with  oil-developrnent 
and  the  many  complex  conditions  under  which  oil  is  found. 

At  the  present  moment,  owing  to  the  lack  of  faith  shown  and 
the  necessity  of  extended  exploration-work,  it  is  regrettable  that 
all  the  present  operating  companies  and  those  marking  time 
do  not  amalgamate  into  one  company.  By  this  means  the  admin- 
istration and  working  expenses  of  those  now  operating  would  be 
greatly  reduced,  and  those  interested  in  the  companies  that  have 
stopped  operations  would  have  a  fair  chance  of  recovering 
at  least  some  of  the  money  that  they  have  invested,  which,  if 
some  such  step  is  not  immediately  taken,  will  be  completely  lost. 

A  reference  to  Fig.  2  (Plate  VII.)  will  show  the  exact 
geographical  position  of  Maikop  in  the  Northern  Caucasus,  and 
the  places  at  which  oil-exudations  occur  along  the  northern 
foothills  of  these  mountains.  It  is  quite  reasonable  to  presume 
that  with  oil-indications  so  widely  scattered,  a  great  deal  of  this 
large  area  will,  when  systematically  explored,  prove  to  be  under- 
lain by  extensive  bodies  of  oil. 


Appendix. —Sections  of  Prospect  and  other  Wells  drilled  at  various 
Points  between  Shirvanskaya  and  Hada.jinskaya. 


Zayavka  No.  627. 

Description  of  Strata. 

Thickness. 

Depth  from  Surface. 

Surface  soil 

Fms.     Ft.       Ins. 

2      2      0 

Fms.     Ft.      Ins. 

2      2      0 

Yellow  clay  and  sand     ... 

1       3       0 

3      5       0 

Grey  clay  ... 

Grey  clay,  with  stone     ... 

Clay,  with  sand  ... 

8       3       0 

11       0       0 

0       3       0 

12      2      0 
23      2       0 
23      5       0 

Sandstone  . . . 

2       3       0 

26      2      0 

Grey  clay  and  sand 

5       4       0 

32      0      0 

Sand,  with  feeder  (signs  of  gas) 

1       1       0 

33       1       0 

Clay,  with  sand  (gas  at  234  and  251  feet) 
Sand,  with  feeder 

8       4       0 
0       1       0 

41  5       0 

42  0       0 

Clay  and  sand  (gas  at  266  and  295  feet) 
Grey  clay  ...          ...          

8       1       0 
2       1       0 

50       1       0 
52       2       0 

Well  abandoned  at  52  fathoms  2  feet. 
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Zayavka  No 

.  533. 

Description  of  Strata. 

Thickness. 

Depth  from  Surface. 

Fill  3. 

Ft.      Ins. 

Fms. 

Ft.     Ini. 

Surface  soil 

6 

2        0 

6 

2       0 

Grey  clav  and  sand 

21 

1         0 

27 

3       0 

Sand  and  stone  (feeder)... 

2 

4       0 

30 

1       0 

Grey  clay  and  sand 

20 

5       0 

51 

0      0 

Sand  and  stone  (feeder)  . . . 

13 

2       0 

64 

2      0 

Clay,  with  pebbles 

5 

0       0 

69 

2      0 

Sand  (feeder) 

.. 

17 

0       0 

86 

2       0 

Clay,  with  sand  and  pebbles 

23 

3       0 

109 

5       0 

Sand  (feeder) 

6 

2       0 

116 

1       0 

Grey  clay  (gas  at  826  feet) 

22 

3       0 

138 

4       0 

Grey  clay  with  oil-sand 

4 

1       0 

142 

5       0 

Dark -grey  clay    ... 

2 

5       0 

145 

4       0 

Oil-sand     ... 

0 

4       0 

146 

2       0 

Clay  and  oil -sand 

2 

0       0 

148 

2       0 

Oil-sand     ... 

1 

3       0 

149 

5       0 

Clay,  with  sand   ... 

2 

0       0 

151 

5       0 

Oil -sand,  with  clay 

3 

5       0 

155 

4       0 

Oil-producing. 

Zayavka  No.  489. 

Description  of  Strata. 

Thickness. 

Depth  from  Surface. 

Fms. 

Ft.     Ins. 

Fms.    Ft.      Ins.      1 

Surface  soil 

3 

0        0 

3      0      0 

Yellow  clay  and  sand 

21 

1       0 

24       1       0 

Grey  clay  . 

25 

5       0 

50      0       0 

Dark-grey  clay     ... 

9 

5       0 

59       5       0 

Dark-grey  clav,  with  heavy  oil-sand  ... 

1 

3      0 

61       2      0 

Coarse  sand  (feeder) 

9 

0      0 

70      2      0 

Dark-grev  clav    .. 

25 

0      0 

95      2      0 

Grey  clay,  with  oil         ...         

11 

4       0 

107       0      0      | 

Oil-sand     ... 

— 

" 

Otvod  No.  2 

Description  of  Strata. 

Thickness. 

Depth  from  Surface.  | 

•» 

Fms. 

Ft 

Ins. 

Fms. 

Ft.      Ins.      i 

Surface  soil 

3 

0 

0 

3 

0      0 

Grey  clay  ... 

22 

2 

0 

25 

2       0 

Sand  (feeder) 

1 

o 

0 

26 

4       0 

Dark -grey  clav  and  sand 

17 

2 

0 

44 

0       0 

Heavy  oil -sand 

0 

1 

0 

44 

1       0 

Dark -grey  clav  and  sand 

8 

3 

0 

52 

4       0 

Sand  (feeder) 

2 

5 

0 

55 

3       0 

Clay,  sand,  and  stone     ... 

32 

1 

0 

87 

4       0 

Sand  and  stone  (feeder)  .. 

10 

0 

0 

97 

4       0 

Clay  and  sand 

27 

2 

0 

125 

0       0 

Grey  clay  and  sand 

58 

2 

0 

183 

2       0 

Dark-grev  clav     ... 

36 

4 

0 

220 

0       0 

Oil-sand     ... 

0 

2 

0 

220 

2       0 

Clav,  with  oil 

o 

3 

0 

222 

5       0 

Oil-sand      

0 

3 

0 

223 

2       0 

Although  this  well  overflowed  repeatedly, 

the  oil  suddenly  disappeared. 
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Zayavka  No.  353. 


Description  of  Strata. 


Yellow  clay 

Grey  clay  ... 

Grey  clay  and  sand 

Grey  clay  ... 

Dark-grey  clay     ... 

Dark -grey  clay,  with  heavy  oil 

Oil-sand     ... 

Grey  clay  ... 

Grey  clay  and  oil  sand    ... 

Dark -grey  clay     ... 

Dark -grey  clay,  with  heavy  oil-sand  .. 

Grey  clay  ... 

Grey  clay,  with  heavy  oil-sand 

Deepening  stopped  temporarily, 


Thickness. 

Depth  from  Surface. 

Fins, 

Ft. 

Ins. 

Fms. 

Ft.      Ins. 

4 

1 

0 

4 

1       0 

16 

3 

0 

20 

4       0 

6 

0 

0 

26 

4       0 

6 

4 

0 

33 

2       0 

2 

3 

0 

35 

5       0 

11 

0 

0 

46 

5      0 

2 

2 

0 

49 

1       0 

0 

4 

0 

49 

5       0 

3 

3 

0 

53 

2       0 

2 

3 

0 

55 

5       0 

3 

5 

0 

59 

4       0 

3 

2 

0 

63 

0       0 

0 

3 

0 

63 

3      0 

Zayavka  No.  238. 


Description  of  Strata. 

Thickness. 

Depth  from  Surface. 

Fms.      Ft. 

Ins. 

Fms.      Ft.    Ins. 

Yellow  clay 

5       1 

0 

5         1         0 

Brown  clay 

17       0 

0 

22       1       0 

Clay,  with  oil-sand 

10      5 

0 

33       0      0 

Sandstone  ... 

0      2 

0 

33      2       0 

Clav,  with  layers  of  oil-sand     . 

35      0 

0 

68      2       0 

Light-grev  clav    ... 

8       4 

0 

77       0      0 

Grey  clay,  with  gas 

3      3 

0 

80       3       0 

Well  abandoned. 

Zayavka  No.  108. 


Description  of  Strata. 

Thickness. 

Depth  from  Surface. 

Fms.      Ft.    Ins. 

Fnif.      Ft. 

las. 

Yellow  clay 

4      3      0 

4       3 

0 

Gravel        

1       0       0 

5       3 

0 

Grey  clay 

70      5      0 

76      2 

0 

Sandstone... 

0       1       0 

76      3 

0 

Brown  clay           ...                                 

7       2       0 

83      5 

o 

Dark-grey  clay  (gas)       

0      3       0 

84      2 

0 

Ore v  clav  and  marl         ...         

14      4      0 

99      0 

0 

Grey  clay,  with  gas 

17       4      0 

116       4 

0 

Marl  and  dark -grey  clay           ...         

161       4       0 

278      2 

0 

Light -grey  clay 

30       1       0 

308      3 

0 

Dark -grey  clav     

69       3      0 

378      0 

0 

Oil-sand     ... 

— 

— 

At  present  producing  5  tons  of  oil  daily. 
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Zayavka  No.   137. 


Description  of  Strata. 

Thickness. 

Depth  from  Surface. 

Surface  soil 

Dark-grey  clay     ... 

Heavy  oil-sand 

Clay,  with  sanil  ... 

Dark-grey  clay  (oil-sands  at  310  and  390  feet) 

■Well  produces  J  ton  of  oil  per  day. 

Fnis.      Ft.     Ins. 
3       2       0 

27       3       0 
0       0       6 
9       0       6 

31       4       0 

Fnis.      Ft.     Ins. 

3        2        0 
30       5       0 
30       5       6 
40       0       0 
71       4       0 

Mr.  A.  Beeby  Thompson  (London)  wrote  that  Mr.  Calder  bad 

presented  a  clear  and  concise  account  of  the  Maikop  oilfield, 
and  explained  interesting  features  connected  with  its  develop- 
ment, without  venturing-  too  deeply  into  controversial  matters. 
As  one  of  those  closely  associated  with  the  prospecting  of  the 
Maikop  field,  he  (Mr.  Thompson)  welcomed  an  opportunity  of 
submitting  a  few  details  which  might  assist  in  dispelling  some 
of  the  misconceptions  and  illusions  that  existed  in  connexion 
with  it. 

Geological  studies  in  the  Maikop  district  along  a  belt  of  17 
miles  disclosed  the  existence  of  a  series  of  strata  containing  beds 
heavily  impregnated  with  oil.  More  detailed  work  led  to  the 
belief  that  the  Shirvanskaya  region  would  prove  most  prolific 
for  lithological  and  structural  reasons  alone.  It  was,  however, 
conceded  from  the  first  that  the  structure  was  not  ideal  for  the 
concentration  of  oil,  but  it  afforded  prospects  such  as  no  un- 
biassed observer  could  ignore. 

Whilst  the  introduction  of  British  capital  into  the  district  was 
attracting  attention,  and  leading  to  modest  and  justifiable  specu- 
lation in  lands,  a  Russian  operator  drilling  in  the  Shirvanskaya 
area  struck  a  sand  at  a  depth  of  only  281  feet,  from  which  flowed 
high-grade  oil  of  light  density  to  an  amount  of  over  50,000  tons, 
the  yield  for  some  days  being  at  an  estimated  rate  of  5,000  tons 
daily.  This  result  far  exceeded  the  most  sanguine  expectations, 
and  kindled  into  flame  the  already  smouldering  excitement 
against  which  it  was  quite  fruitless  to  preach  caution.  Nor 
could  one  argue  against  facts.  Here  in  a  location  more  favour- 
ably placed  for  markets  than  any  Russian  oilfield  was  a  pioneer 
well  that  could  be  drilled   in  a  few  weeks  at  a  cost  of  a  few 
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hundred  pounds  sterling,  giving  a  yield  that  would  have  rejoiced 
the  heart  of  a  Baku  operator  who  had  spent  £10,000  and  two  years 
of  his  life  in  drilling1  his  well — an  oil,  too,  superior  in  benzine 
contents  to  that  of  Baku  or  Grozny. 

As  this  strike  of  oil  synchronized  with  an  oil-boom  in  London, 
it  was  quite  impossible  to  check  the  feverish  speculation  in  oil- 
lands  that  ensued  in  lviissii  and  England,  compelling'  those 
determined  to  enter  this  new  field  to  pay  fabulous  prices  and 
excessive  royalties  to  middlemen  for  plots  of  small  area,  often 
not  contiguous.  It  was  useless  to  moralize  upon  such  matters. 
Such  booms  had  been  witnessed  at  every  rich  gold  discovery, 
and  would  be  repeated  again  and  again  in  the  future  whether 
the  find  were  oil  or  gold.  In  initial  mining  ventures  operators 
had  often  to  rely  upon  dangerously  few  surface-indications, 
whence  deductions  were  drawn  upon  which  to  advise  clients,  and 
more  blame  was  bestowed  on  pessimism  than  on  optimism  when 
doubts  admittedly  existed. 

The  possibility  of  oil  being  developed  in  pools  in  the  Maikop 
area  was  realized  from  the  first,  as  this  was  a  characteristic 
feature  of  oilfields  where  no  pronounced  structure  induced  con- 
centration of  oil  at  definite  points.  The  original  Shirvanskaya 
pool  had  proved  perplexing  and  its  petroleum  contents  elusive, 
but  within  its  proved  limits  it  might  be  regarded  as  fully  realiz- 
ing the  anticipations  of  those  best  acquainted  with  the  field. 
The  main  light  oil-sand  followed  curious  sinuous  courses  which 
only  drilling  had  been  able  to  delimit.  Within  the  area  of  its  de- 
velopment the  lenticular  sand  had  probably  averaged  about  35 
feet  in  thickness,  with  a  variation  ranging  from  55  to  a  few  feet, 
and  had  yielded  up  to  date  about  11,000  tons  of  oil  per  acre. 
This  yield  per  acre  was  far  in  excess  of  many  of  the  most  success- 
ful American  oilfields,  where  an  output  of  3,000  to  5,000  tons 
per  acre  was  regarded  as  good,  and  the  cost  of  drilling  and  pro- 
ducing was  about  equal  to  that  of  Maikop. 

On  a  typical  Maikop  property  where  no  fountains  had 
occurred,  the  average  daily  production  per  well  to  date  had  been 
8  tons,  the  property  comprizing  a  productive  area  of  h\  acres 
which  had  yielded  over  30,000  tons  in  the  28  months  since  the 
commencement  of  working. 

On  neither  financiers  nor  experts  could  the  chief 
responsibility     be     placed     for    the     poor     commercial     results 
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achieved  by  many  Maikop  companies.  Speculation  in  land  led 
to  high  prices  being  paid,  and  the  exceptionally  good  results 
of  a  few  early  wells  caused  financiers  to  capitalize  plots  on  an 
extravagant  basis.  Working  capital  in  many  cases  represented 
a  ridiculously  small  proportion  of  the  nominal  capital,  but  the 
chief  obstacle  to  commercial  prosperity  was,  in  the  writer's 
opinion,  to  be  found  in  the  Russian  regulations. 

Russian  oilfield  regulations  were  all  based  on  the  Baku  oil- 
fields, which  it  was  now  realized  were  an  almost  unique  example 
of  exceptional  productivity.  By  these  laws  operators  were  re- 
stricted to  the  selection  of  isolated  2o-acre  plots  on  each  hundred 
acres  held  under  prospecting  license,  and  so  small  an  area  gave 
scope  for  no  reasonable  expansion  in  a  low-producing  field  where 
an  extended  distribution  of  wells  was  essential  for  economic 
development.  Two  opposing  courses  were  open  to  operators  in 
such  circumstances,  when  two  adjacent  plots  were  rarely  held 
by  the  same  owner.  One  course  was  to  distribute  the  wells  at  a 
distance  that  would  secure  the  maximum  production  at  the  least 
capital  outlay  on  drilling ;  the  other  was  to  concentrate  a  large 
number  of  wells  at  high  cost,  and  quickly  exhaust  the  area. 

In  the  writer's  opinion,  the  wells  in  Maikop  should  have 
been  distributed  at  about  1  to  3  or  4  acres,  instead  of  which  on 
one  of  two  of  the  best  plots  there  were  four  to  eight  wells  per 
acre  in  the  productive  portions.  This  latter  policy  was  dictated 
by  lack  of  proved  reserve  territory  and  the  aggressive  activity 
of  neighbours  along  the  boundaries.  A  single  plot  of  100  acres 
would  be  a  modest  unit  of  area  in  such  a  field.  The  sinking  of 
a  large  number  of  wells  within  a  limited  area  led  to  a  great  loss 
of  gas  which  would  otherwise  be  employed  in  expelling  the  oil 
from  the  sand. 

Mr.  Calder  rightly  blamed  Russian  leaseholders  for  their  lack 
of  initiative  in  prospecting  areas  which  they  held  and  would  not 
release  except  on  onerous  terms,  whilst  evading  the  true  spirit 
of  the  Government  laws  which  demanded  prospecting  work.  As 
British  financiers  were  unlikely  to  embark  on  the  adventure  of 
exploring  a  few  detached  outside  areas  for  the  benefit  of  others, 
Maikop  prospecting  was  seriously  restricted  and  the  normal 
development  of  the  industry  tied.  That  the  district  justified 
prospecting  was  not  open  to  doubt.  It  might  never  support 
capitalization  on  the  "boom"  basis,  but  that  substantial  profits 
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could  be  made  by  the  adoption  of  the  economical  methods 
described  by  Mr.  (alder  had  been  demonstrated  quite  clearly  by 
several  of  the  more  enterprising  companies.  Apart  from  all 
geological  deductions,  it  was  almost  inconceivable  that  a  chance 
well  should  have  struck  and  disclosed  the  only  rich  pool  in 
a  field  where  good  indications  had  been  observed  for  a  distance 
of  17  miles. 

Mr.  ('aider  inferred  that  the  use  of  pumps  for  raising  oil  in 
Russia  was  first  undertaken  in  Maikop.  Pumps  had  for  many 
years  been  employed  in  Grozny,  and  as  far  back  as  1900  he 
(Mr.  Thompson)  had  made  tests  in  the  Baku  oilfields.  For  a  few 
hours  the  pumps  worked  admirably  in  wells  1,500  feet  deep,  but 
sand  gradually  accumulated  until  it  choked  the  pumps  and  pipes, 
and  they  had  to  be  withdrawn.  The  great  volume  of  sand  which 
entered  the  well  with  the  oil  was  an  insuperable  obstacle  in  the 
early  days.  The  reduced  gas-pressure  of  the  Baku  oilfield  was 
accompanied  by  reduced  quantities  of  sand,  and  pumps  could 
be  employed  in  many  wells  to-day  where  formerly  their  use  was 
impossible. 

Xo  reference  was  made  by  Mr.  Calder  to  cable-drilling  in 
Maikop.  A  portable  cable-rig  gave  exceedingly  good  results, 
and  by  its  means  wells  could  be  drilled  to  a  depth  of  700  feet 
at  a  rate  of  about  20  feet  daily,  excluding  Sundays,  but  inclu- 
sive of  casing  operations,  shutting  off  water,  and  all  delays. 

It  was  gratifying  to  hear  from  one  who  had  been  so  long  on 
the  spot  so  hopeful  an  opinion  with  regard  to  the  future  of 
Maikop,  provided  that  antiquated  methods  of  working  were 
replaced  by  newer  methods  and  obsolete  laws  were  repealed. 

Mr.  W.  H.  W.  Lacey  (Anglo-Maikop  Corporation,  Limited, 
London)  wrote  that  Mr.  Calder  knew  the  field  so  well,  and  had 
gone  over  the  whole  ground  so  thoroughly,  that  there  remained 
very  little  left  for  criticism. 

The  misfortune  in  connexion  with  the  Maikop  field  had  been 
the  so-called  "  Maikop  boom,"  and  this  had  led  to  large  profits 
being  made  only  on  this  side,  however,  leaving  comparatively 
little  for  the  exploration  and  working  of  the  field. 

Mr.  Calder  had  touched  on  a  very  delicate  point  in  his 
remarks  on  the  waiting  policy  of  some  of  the  persons  interested 
in  Maikop,  and  it  was  gathered  from  his  statements  that  he, 
like  most  of  those  who  knew  the  actual  position  of  the  field, 
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regretted  that  more  money  had  not  been  available  for  develop- 
ment. The  following  tacts  might  be  of  interest  to  the  members 
as  showing  the  large  amount  of  money  supplied  for  the  field 
and  the  small  amount  spent  on  it.  The  nominal  capital  of  the 
companies  formed  to  search  for  oil  at  Maikop  was  about 
i'7 ,000,000,  and  of  this  amount  about  £4,600,000  was  issued. 
Out  of  this  large  sum  the  actual  amount  put  into  the  field  was 
£'800,000,  made  up  as  follows: — Plant  and  machinery, 
£300,000;  buildings,  £180,000;  leaving  only  £320,000  for  the 
actual  work  of  drilling  the  wells. 

With  reference  to  Mr.  ('alder's  remarks  on  the  heavy-oil 
district,  it  might  be  interesting  to  know  that  considerable  atten- 
tion had  recently  been  given  to  that  part  of  the  field,  and  the 
following  results  of  two  wells  recently  completed  amply  con- 
firmed Mr.  Calder'e  views. 

One  of  the  new  wells  on  plot  No.  534  reached  the  oil-sand 
about  the  end  of  September,  1914,  ax  a  depth  of  007  feet.  On 
October  7th  and  8th  it  flowed,  giving  on  these  days  12  tons  and 
114  tons  respectively.  Since  then  it  had  given  by  bailing  and 
periodical  flowing,  on  an  average,  about  12  tons  per  day.  A 
well  on  plot  No.  533  had  just  entered  the  oil  at  about  950  feet, 
and  was  giving  daily  5^  tons.  Naturally,  as  a  result  of  these 
successes,  many  more  wells  were  being  drilled  in  this  area.  On 
plot  No.  551  a  well  was  also  brought  into  production — com- 
mencing with  16  tons  daily  from  a  depth  of  1,100  feet.  Regular 
working  had  been  prevented,  owing  to  the  incursion  of  water, 
but  the  well  was  being  repaired.  As  to  the  life  of  wells  in  this 
district,  it  was  worth  mentioning  that  one  well  on  plot  No.  533 
had  given  a  daily  production  of  about  4^  tons  for  over  two 
years,  and  was  still  producing  at  this  rate. 

Another  interesting  discovery  made  recently  was  that  on  plot 
No.  457  in  the  north-western  Shirvanskaya  district,  where  light 
oil  had  been  struck  in  a  new  well  at  a  depth  of  1,308  feet.  This 
discovery  tended  to  confirm  the  theory  mentioned  by  Mr.  Calder 
that  the  oil-sands  of  the  light-oil  horizon  followed  the  direc- 
tion of  an  ancient  river-bed. 

-Mr.  F.  G.  PiAPPOPORT  (London)  wrote  that  it  gave  him  much 
pleasure  to  take  part  in  the  discussion  of  Mr.  Calders  paper, 
as  he  had  been  at  one  time  associated  with  him  on  the  Maikop 
field. 
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There  were  many  points  in  the  paper  from  which  choice  could 
he  made  for  detailed  discussion:  but,  as  the  geology  of  the 
Maikop  oilfield  was  particularly  interesting,  he  had  selected  that 
part  of  the  paper  upon  which  to  make  some  remarks. 

A.S  had  been  correctly  pointed  out  by  Mr.  Calder,  much  pro- 
specting  work  was  still  necessary  in  those  parts  of  the  field  that 
were  as  yet  untouched.  Some  knowledge  of  the  prevailing  geo- 
logical conditions  might  therefore  assist  in  forming  an  opinion  of 
the  future  prospects  of  the  field,  as  well  as  in  suggesting  where 
new  prospecting  work  might  he  carried  on.  To  discuss  fully  the 
geology  of  the  Maikop  oilfield,  however,  would  require  a  paper 
in  itself,  so  that  he  would  endeavour  to  confine  his  remarks  to 
the  essential  features  only. 

The  following  table  gave  the  stratigraphical  sequence  in  the 
Maikop  field,  and  also  showed  the  relation  of  the  known  oil- 
horizons  to  the  geological  formations  : — 


series. 

i     *  s 

o  o 

H 
S3   z 
H  S 

5 

Stage. 

Lithological  Character  and 
Subdivision  of  Strata. 

Fossils. 

Maikop 
Stage. 

(1)  Dark    laminated    non-cal- 

careous clays. 

(2)  The  "  Neftyanoya  "  heavy- 

oil   horizon  :    alternating 
sands     and     clays,     out- 
cropping in  parts  of  the 
field. 

(3)  Alternating      thick     clays 

and  water-bearing  sands. 

(4)  The    "  Shirvanska  ya" 

heavy-oil  horizon  :    alter- 
nating sands  and  clays, 
outcropping   in    parts  of 
the  field. 

Fish-remains. 

Middle 
Oligooenk. 

Foraminifera 
Beds. 

(5)  The   light-oil    lenticles   in 

the  hanging-wall. 

(6)  White    clays    and    marls, 

with  bituminous  streaks. 

(7)  Green  marls. 

Globigerina  and 
Orbulina. 

It  would  thus  be  seen  that  there  were — (1)  Two  heavy-oil 
horizons  in  the  Maikop  Stage  proper;  (2)  light  oil  occurring  in 
lenticles  or  pockets  in  the  hanging-wall  of  the  Foraminifera 
stage :  and  (3)  oil  indications  in  the  Foraminifera  Beds  them- 
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selves;    and    he    intended    to    briefly    discuss    each    of    these   oil 
occurrences. 

(1)  The  Two  Heavy-oil  Horizons  (specific  gravity  of  oil, 
0  940). — Both  horizons  cropped  out,  and  to  this  fact  must  largely 
be  ascribed  their  non-productivity,  as  up  to  the  present  time 
most  of  the  work  had  been  done  in  the  vicinity  of  the  outcrops. 
in  any  case,  however,  the  higher  of  the  above-mentioned  two  oil 
horizons  (the  Neftyanoya)  was  of  no  practical  oil-bearing  value. 
as  the  sands  of  this  horizon  from  the  central  part  of  the  held 
passed  rapidly  into  clay  in  the  direction  of  the  strike  and  into 
water  down  the  dip. 

The  second  heavy-oil  horizon  (the  Shirvanskaya)  evidently 
contained  larger  stores  of  oil,  for  it  had  even  produced  at  one 
time  a  spouter  of  short  duration.  The  higher-lying  beds  of  this 
horizon  were,  however,  water-logged,  doubtless  through  the  above- 
mentioned  outcrops,  so  that  it  was  a  matter  of  great  practical 
difficulty  to  isolate  effectually  this  water  from  the  oil-stratum 
proper.  This  oil-stratum  also  from  the  central  part  of  the  field 
wedged  out  in  the  direction  of  its  strike.  Down  the  dip  the 
extent  of  this  horizon  had  not  yet  been  satisfactorily  determined. 
This  and  the  investigation  of  the  oil-bearing  capabilities  of  the 
upper  part  of  the  Maikop  stage  in  the  eastern  part  of  the  field. 
were,  as  pointed  out  by  Mr.  Calder,  some  of  the  problems  of  the 
field.  He  (Mr.  Eappoport)  understood,  however,  that  they  were 
engaging  the  attention  of  those  now  at  work  there. 

(2)  Tht  Light-oil  Lentieles  (specific  gravity  of  oil,  0'8-iO).- — 
One  such  lenticle  or  pocket  had  up  to  the  present  time  been  prac- 
tically the  only  source  of  production  in  the  Maikop  oilfield. 
This  particular  lenticle  did  not  crop  out.  but  was  struck  by 
chance  during  prospecting.  Indications  of  another  lenticle 
existed  farther  to  the  north-west. 

The  productive  lenticle,  the  structure  of  which  was  now 
known,  formed  a  depression  or  scoop  in  the  hanging-wall  of  the 
Foianiiniiera  Beds,  and  was  covered  by  the  clays  of  the  Maikop 
Stage.  This  lenticle  had  a  narrow  sleeve-shaped  form,  with  an 
area  oi  about  70  acres,  the  thickness  of  the  contained  sands  vary- 
ing up  to  about  56  feet.  It  was  of  interest  to  note  that  this  pool 
had  up  to  the  present  yielded  about  400,000  tons  of  oil. 

The  search  for  further  oil-bearing  lentieles  of  this  description 
in  the  hanging-wall  of  the  Foraniinifera  Stage  must  necessarily 
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be  guided  by  the  position  occupied  by  these  beds  in  the  district, 
and  by  following  every  clue  provided  by  the  known  lenticles.  Mr. 
('aider  had  rightly  pointed  olit  how  the  wrong-  policy  of  claim- 
holders  who  held  claims  in  the  direct  line  of  search  tended  to 
hinder  development  in  this  direction.  It  might  be  of  interest  to 
mention  that  in  the  great  Oklahama  field  of  America  the  oil  was 
found   in   lenticles  or  pools. 

(•'!)  Oil  in  flu  Foraminifeta  Beds. — The  lithological  character 
and  fossil  content  of  these  beds  pointed  to  their  being  deep-se;i 
deposits,  and  hence  to  their  having  been  formed  under  conditions 
unsuitable  for  oil-formation.  The  outcrops  also  showed  no  indi- 
cations of  oil.  These  facts  seemed  to  point  to  the  improbability 
of  oil  being  found  in  these  beds.  On  the  other  hand,  several 
important  facts,  up  to  the  present  not  readily  explicable  in  view 
of  what  had  just  been  said,  stood  out  as  the  result  of  deep 
drilling  lately  carried  out,  and  tended  to  modify  the  above  ad- 
verse view.  Certain  deep  wells  had  shown  evidence  of  bitumin- 
osity  (even  oil  and  gas  in  small  quantities)  at  considerable  depths 
into  the  For;iminifera  Beds.  It  was  impossible  vet  to  say  what 
these  sporadic  (but  still  definite)  occurrences  or  "  shows  "  of  oil 
indicated,  whether  they  were  vn-sitU  deposits,  whether  they  were 
secondary  deposits  leading  from  some  primary  deposit  below,  or 
whether  some  at  present  unknown  factor  governed  this  bitumin- 
osity  in  these  beds.  But,  while  oil-finding  so  often  depended  on 
the  smallest  indications,  such  evidences  as  mentioned  above 
formed  justifiable  reason  for  continuing  further  investigations. 
This  question  must  be  left  at  this  point  until  further  data  help 
to  elucidate  it.  It  was  thus  clear  that  this  field  could  be  con- 
sidered as  still  in  its  early  development  stage,  and  that  there  was 
yet  much  to  be  done  in  the  way  of  further  investigation  and 
trial-drilling.  This,  he  gathered  from  Mr.  ('alder's  paper,  was 
also  that  gentleman's  opinion.  The  results  of  the  work  now 
being  carried  on  in  the  field  ought  to  be  of  considerable  value 
and  interest. 

Dr.  Paul  Dvorkovitz  (London)  wrote  that  he  had  taken  great 
interest  in  the  Maikop  field,  and  after  many  weeks  of  careful 
study  of  the  conditions  on  the  spot  had  come  to  the  conclusion — 
some  four  or  five  years  ago — that  the  field  would  amply  repay 
exploitation  and  commercial  development. 
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As  Mr.  (alder  had  stated  in  his  paper,  the  field  came  before 
the  British  investor  as  a  kind  of  Stock  Exchange  gamble,  and 
after  considerable  sums  of  money  had  been  invested  in  numerous 
companies,  it  passed  into  the  arena  of  adverse  criticism  without 
even  being  carefully  tested  for  oil.  However,  as  Mr.  Calder 
had  pointed  out,  there  was  evidence  that  the  field  would 
eventually  develop  into  a  producing  centre  of  the  first 
rank.  His  (Dr.  Dvorkovitz's)  opinion  quite  coincided  with  Mr. 
(alder's  observations  in  that  respect.  Although  little  serious 
drilling  was  at  present  taking  place  on  the  field,  yet  the 
efforts  which  had  been  put  forward  were  proving  very  successful. 
As  a  case  in  point,  he  would  mention  that  the  International 
Russian  Oilfields,  Limited,  a  concern  with  which  he  was  asso- 
ciated, had  that  week  received  a  cable  from  its  manager  to  the 
effect  that  in  the  well  on  plot  Xo.  107  at  Hadajiuskaya.  where 
there  had  been  several  strong  emissions  of  gas  lately,  oil  had 
now  risen  in  the  well  to  a  height  of  GOO  feet — a  fact  which  proved 
that  the  rich  oil-producing  stratum  was  not  far  below  the  present 
depth  of  the  drill.  One  was  so  accustomed  to  hearing  a  field  con- 
demned— and  this  remark  did  not  apply  only  to  Maikop — that 
it  was  important  that  such  justifications  as  Maikop  had  already 
provided  should  not  be  overlooked. 

The  President  (Mr.  T.  Y.  Greener)  proposed  a  vote  of  thanks 
to  Mr.   Calder  for  his  paper. 

Mr.  John  H.  Merivale  seconded,  and  the  resolution  was 
heartily  adopted. 

V 
Mr.  William  Calder  (Blackheath,  London,  S.E.)  wrote,  in 

reply  to  Mr.  A.  Beeby  Thompson,  that  he  agreed  with  that 
gentleman's  remarks  that  the  Russian  Government  regulations 
were  unnecessarily  strict  and  solely  founded  on  Baku  practice. 
While  he  (Mr.  Calder)  was  at  Maikop  his  own  experience,  how- 
ever, was  that  when  the  Government  was  petitioned  in  proper 
form  for  concessions  or  alleviations  from  the  usual  regulations, 
these  were  invariably  granted  when  sufficient  proof  was  presented 
that  the  regulations  hampered  operations. 

With  respect  to  the  use  of  deep-well  pumps,  he  admitted  that 
attempts  were  made  both  at  Baku  and  at  Grozny  to  introduce 
them,  but  in  neither  field  had  they  so  far  got  beyond  the  experi- 
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mental  stage.  At  Maikop  they  had  completely  superseded  the 
usual  baling  method  of  oil-extraction,  so  that  their  introduction 
and  general  use  at  Maikop  might  therefore  he  looked  upon  as 
quite  new  ;  and  it  was  to  he  hoped  that  oil-producers  in  other  Eus- 
sian  fields  would  now  realize  the  many  advantages — both  econo- 
mic and  otherwise — which  this  method  of  oil-extraction 
presented. 

Owing  to  the  difficulty  of  engaging  competent  Russian  cable- 
tool  drillers,  and  to  the  fact  that  there  was  only  a  few  of  these 
rigs  in  use  at  Maikop,  he  had  refrained  purposely  from  mention- 
ing- this  method  of  drilling-,  as  it  was  unlikely  that  it  would 
supersede  the  Canadian  system  for  a  number  of  years. 

AYith  reference  to  Mr.  Rappoport's  remarks  on  the  geology,  he 
would  like  to  mention  that  he  had  visited  many  of  the  important 
oilfields  in  the  United  States  of  America  and  in  Europe,  and  in 
all  he  had  found  that  the  oil  was  contained  in  well-defined  areas 
or  pools,  despite  the  fact  that  the  strata,  in  most  cases,  were 
undisturbed  and  dipped  uniformly.  Extensions  of  the  oil-pro- 
ducing area  in  all  these  fields  had  been  obtained  by  means  of 
drilling,  and  this  he  personally  believed  would  be  the  only  means 
by  which  the  Maikop  field  would  eventually  be  developed  and 
extended. 


Mr.  Tames  Ashworth's  paper  on  "  The  Killingworth  Col- 
liery (Xew  South  Wales)  Explosion."  was  taken  as  read,  as 
follows  : — 


134  thk    killixgwortii   colliery   exclosiox, 


THE  KILLINGWQRTH  COLLIERY  (NEW  SOUTH 
WALES)  EXPLOSION. 


By  JAMES  ASHWORTH. 

Introduction. — A  very  serious  disaster  occurred  in  1902  at  the 
Mount  Kembla  Colliery  (New  South  Wales),  causing  the  death  of 
about  130  persons.  The  miners  all  used  open  lights,  as  explosive 
mixtures  of  firedamp  and  air  were  unknown.  The  destructive 
effects  (if  the  disaster  were  confined  to  one  haulage-way,  but  the 
loss  <>t  lite  was  mainly  due  to  carbon-monoxide  poisoning'.  So 
peculiar  were  the  effects  produced  that  neither  the  coroner's  jury 
nor  the  Royal  Commission  specially  appointed  to  enquire  into  the 
disaster  were  able  to  ascertain  the  cause.  The  experts  and  others 
who  were  called  to  give  evidence  were  only  agreed  on  one  point  - 
that  there  had  been  a  heavy  fall  of  roof-rock  in  a  large  goaf. 
One  of  the  Inspectors  of  Mines  endeavoured  to  class  it  as  a  fire- 
damp explosion,  but  entirely  failed  to  indicate  whence  the  fire- 
damp could  have  come,  and  also,  if  it  had  existed,  how  it  had 
become  ignited.  The  experts  called  by  the  colliery  company, 
however,  propounded  a  theory  originated  by  the  present  writer. 
This  theory  was  fully  described  in  an  article  published  in  the 
Colliery  Guardicm*  in  explanation  of  the  1901  explosion  at  the 
Talk-o'-th'-Hill  colliery,  North  Staffordshire,  and  was  to  the 
effect  that  the  disaster  was  due  to  a  heavy  fall  of  roof,  causing 
sudden  air-percussion.  This  article  was  most  unjustly  criticized 
by  the  Commissioners,  partly  because  the  author's  name  was  not 
published,  and  in  the  following  terms  : — "Though  they  have  given 
the  matter  careful  consideration,  the  Commission  cannot  see  any 
justification  for  accepting  what  may  be  called  the  'wind-blast 
theory."  In  the  end  the  Commissioners  held  that  it  was  an 
explosion  of  firedamp,  although  they  had  absolutely  no  evidence 
on  which  to  base  such  a  verdict.  It  may  therefore  be  assumed 
that,  si,  f;i)-  ;ix  official  records  are  concerned,  the  cause  of  this 
disaster  still  remain-  a  mystery. 

*  1902,  vol.  Ixxxiii.,  page  389. 
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Particulars  of  Explosion. — Since  then  another  New  South 
Wales  mystery  (the  subject  of  the  present  paper)  has  been  re- 
corded, namely,  the  explosion  which  occurred  at  Killingworth 
Colliery  about  515  a.m.  on  December  7th,  1910.  At  the  time  of 
the  explosion  only  one  man  was  on  the  works  at  the  surface,  and 
an  untethered  horse  was  in  the  underground  stable,  which  was 
situated  near  the  bottom  of  the  upcast  shaft.  The  man  (Watkins) 
had  as  his  duty  the  firing-up  of  the  boilers  and  the  starting-  of 
the  ventilating-fan  engine,  which  had  been  standing  since  the 
previous  afternoon.  Watkins  said  that  he  started  the  fan  a 
little  after  4  o'clock,  and  that  at  515  he  heard  a  sharp  report, 
which  made  him  think  that  one  of  the  boilers  had  burst.  He 
told  the  Royal  Commissioner  that  he  frequently  passed  between 
the  boilers  and  the  fan-engine  and  oiled  the  bearings,  but  he  did 
not  say  whether  or  not  he  oiled  the  fan-shaft  bearing  inside  the 
fan-drift.  He  stated  that  at  the  moment  of  the  explosion  he  was 
at  the  far  end  of  No.  6  boiler.  The  Commissioner  in  Appendix  B 
i  page  216)  of  the  report  says  that  Watkins'  idea  that  it  was  a 
boiler  explosion  was  natural ;  but,  as  thai  was  his  first  impression, 
it  raises  the  question  whether  the  explosive  outburst  did  not  in  its 
very  inception  come  from  the  direction  of  the  boilers,  which  from 
his  position  would  be  the  B  or  upcast  shaft.  Watkins  further 
stated  that  when  he  looked  towards  the  downcast  shaft  he  saw  a 
cloud  of  dust,  and  then  ran  away,  and  that,  whilst  he  was 
running,  there  was  a  rumbling  sound  behind  him  and  a  cracking 
as  the  materials  thrown  up  the  shaft  struck  the  headgear. 

The  first  man  to  see  the  explosion  was  Featherstone,  and  he 
at  the  time  was  dressing  to  go  to  work  at  another  mine.  He 
heard  a  rumbling  noise  for  about  10  or  12  seconds,  and  on  going 
to  the  door  of  his  house  saw  what  he  thought  was  smoke  coming 
from  the  mine  ;  he  said  that  there  was  a  second  explosion,  three  or 
tour  minutes  after  the  first.  He  saw  smoke  gradually  rising  from 
the  pit,  there  was  smoke  over  the  poppet-heads,  and  it  seemed  to 
die  away  in  about  two  minutes  before  the  second  explosion. 

["he  undermanager  (Mr.  McMillan),  who  lived  about  400  yards 
from  the  mine,  was  in  bed.  but  was  the  first  man  to  reach  the 
colliery  after  the  explosion.  Whilst  looking  for  Watkins,  he  met 
Mr.  James  McGeachie,  who  told  him  that  Watkins  was  not 
injured,  and  that  he  had  seen  him  running  about.  Clouds  of  dust 
were  then  coming  up  the  downcast  shaft,  but  nothing  solid.     He 
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then  went  with  Watkins  to  the  fan-engine,  and  finding  the  steam 
still  turned  on  and  the  fan  stopped  by  the  broken  brickwork, 
turned  the  steam  off.  Mr.  Humble  (the  manager),  who  also  lived 
near  by.  was  at  the  mine  immediately  after  Mr.  McMillan.  He 
was  '■]  or  4  minutes  in  reaching  the  mine,  and  dust  still  con- 
tinued to  come  out  of  the  downcast  shaft  for  a  minute  after  he 
arrived.  He  saw  nothing  coming  out  of  the  fan-shaft.  No 
electric  lights  were  burning.  On  the  previous  day  one  cage  was 
left  at  the  surface  landing,  and  the  other  was  about  14  feet  above 
the  bottom.     The  dust  thrown  out  of  the  shaft  was  neither  coked 


Fig.  2. — Killingworth  Colliery  (New  South  Wales),  showing  Surface 
Damage  by  Explosion  of  December  7th,  1910. 


nor  burnt.  When  the  dust  cleared  away,  it  was  seen  that  a 
huge  mass  of  material,  weighing  from  10  to  11  tons,  had  been 
thrown  up  the  shaft.  This  mass  as  seen  in  the  photograph  (Fig. 
2  in  the  text)  consisted  of  the  cages,  winding-ropes,  conductors, 
and  twenty  loaded  and  other  pit-wagons  from  the  bottom  of  the 
shaft.  Probably  no  such  evidence  of  enormous  force  was  ever 
before  demonstrated  by  a  colliery  explosion. 

The  management  assumed  that  a  gob-fire,  which  had  pre- 
viously been  walled  off,  had  broken  out  in  one  section  of  the 
workings,  and  had  originated  the  explosion.  As  the  mine  itself 
had   been  laid  off  for  some  time,   it  was  decided  to  close  both 
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shafts  and  smother  out  the  supposed  fire.  Later  on  when  the 
mine  was  reopened  it  was  absolutely  proved  that  there  had  never 
been  a  gob-fire. 

During  the  reopening  very  careful  records  were  taken  of  the 
indications  of  force  and  fire  throughout  the  mine,  and  these  are 
shown  in  Fig.  1  (Plate  VIII.),  which  is  a  copy  of  a  portion  of  the 
plan  accompanying'  the  official  report.  All  the  witnesses  were 
agreed  that  the  evidences  of  force  were  mainly  towards  the 
bottom  of  the  downcast  shaft. 

Evidence  of  Witnesses. — The  evidence  given  by  various  wit- 
nesses before  the  Royal  Commissioner  has  been  summarized  as 
follows :  — 

Mr.  Ernest  Humble,  the  manager,  said  that  there  was  more 
evidence  of  flame  in  the  West  Wallsend  Bords  than  in  any  other 
part  of  the  mine.  A  strong  force  had  come  up  the  main  roads 
from  the  Dip  Section.  He  also  said  that  there  must  have  been 
an  explosive  mixture  of  gas  and  air  in  the  first  place.  The 
normal  temperature  of  the  mine  was  from  01°  to  72°  Eahr.  The 
empty  skips  blown  up  the  shaft  weighed  about  4  cwt.  each. 
Electric  lights  extended  for  about  20  yards  in-bye  from  the  pit- 
bottom.  The  dip  pumps  were  also  driven  by  electricity,  but  no 
electricity  was  being  generated. 

Mr.  Duncan  McGeachie,  the  superintendent  of  the  colliery, 
snid  that  the  Borehole  Seam  (in  which  the  explosion  occurred) 
was  worked  on  the  bord-and-pillar  system,  and  was  about  6h  feet 
thick  throughout  the  mine.  About  55  per  cent,  of  the  seam  was 
left  in  the  pillars  in  the  first  working.  The  output  was  about 
1,200  tons  per  day.  Only  about  5^  acres  had  been  pillared,  and 
this  area  was  sealed  off  on  account  of  incipient  heating  in  June, 
1908.  The  ventilation  was  divided  into  nine  splits,  and  the  whole 
ventilation  was  controlled  by  a  Guibal  fan,  30  feet  in  diameter  by 
10  feet  in  width,  producing  148,750  cubic  feet  of  air  per  minute 
with  a  1-inch  watergauge.  When  the  fan  was  standing,  the 
natural  ventilation  was  about  40,000  cubic  feet  per  minute.  After 
the  explosion,  the  mine  remained  sealed  for  six  months.  The 
seam  of  coal  is  clean,  and  has  a  roof  of  soft  brittle  shale,  varying 
from  30  inches  to  14  feet  in  thickness.  Above  this  shale  is  the 
Young  Wallsend  Coal  Seam,  which  is  dirty,  full  of  brass,  and  very 
gassy.      Practically  all  falls  of  roof  extended  up  to  the  Young 
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Wall-end  Seam,  and  after  the  explosion  no  less  than  200  falls 
were  counted.  The  body  of  the  horse  found  in  the  stable  was 
uninjured  and  unburnt.  The  upcast  shaft  was  a  very  wet  one, 
and  nothing  was  forced  up  the  shaft.  A  small  pipe  at  the  foot  of 
the  shaft  was  displaced,  and  the  steam-pipes  were  broken  in  one 
or  two  places.  The  dustiest  section  of  the  mine  was  the  Majuba, 
and  next  to  that  the  West  Wallsend  Narrow  Bords.  Mr. 
McGeachie  said  that  he  would  not  like  to  give  a  definite  opinion 
as  to  the  cause  of  the  disaster,  nor  as  to  where  it  originated.  He 
was  of  opinion,  however,  that  the  explosion  was  largely  due  to 
coal-dust,  started  by  a  pocket  of  gas,  but  he  did  not  suggest  how 
the  gas  was  ignited.  If  it  had  been  an  explosion  of  pure  gas,  it 
would  have  been  "a  puff  and  over." 

Mr.  John  McGeachie  found  the  indications  of  heat  in  the 
cul-de-sacs  very  severe  indeed,  and  the  force  out-bye.  The  great- 
est amount  of  damage  was  done  in  the  Dip  and  West  Wallsend 
Districts.  He  thought  that  the  primary  forces  had  their  origin 
in  the  neighbourhood  of  the  downcast  shaft.  He  imagined,  how- 
ever, that  the  point  of  origin  might  have  been  in  the  Majuba 
District,  at  points  marked  Nos.  86  and  88  on  the  official  plan. 
He  had  not  seen  anything  which  would  account  for  the  explosion. 

Mr.  II.  A.  Harle,  the  general  manager,  had  no  doubt  that 
there  had  been  an  explosion  carried  along  by  coal-dust. 

Mr.  Cf.  E.  Unbehaun,  electrician,  said  that  he  had  carefully 
considered  every  point  connected  with  electricity,  but  as  no  gen- 
erators were  in  use,  could  not  find  anything  worthy  of  investiga- 
tion. 

Mr.  A.  A.  Atkinson,  Chief  Inspector  of  Mines,  said  that  the 
commonest  causes  of  colliery  explosions  were  (1)  naked  lights 
carried  by  persons  ;  (2)  blasting  shots;  (3)  fires  either  originating 
accidentally  or  due  to  spontaneous  combustion;  (4)  defective  or 
damaged  safety-lamps;  (b)  electricity;  and  the  following  as 
possible,  but  unusual,  causes  of  explosions:  (6)  friction  of  rocks 
when  falling,  producing  sparks  and  igniting  firedamp;  (7)  com- 
pression of  air  due  to  falls,  increasing  the  temperature  to  such  an 
extent  as  to  ignite  inflammable  gas  or  coal-dust;  and  (8)  matches 
accidentally  or  surreptitiously  left  underground  becoming  lighted, 
and  igniting  inflammable  gas  or  other  material.  None  of  the 
falls  exceeded  20  feet  in  height.  There  was  an  absence  of  the 
most  likely  causes,   but  for  scientific  and  humanitarian  reasons 
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ii  was  very  desirable  thai  the  cause  should  be  more  specifically 

ascertained,  and  he  was  quite  unable  to  state  the  actual  or  prob- 
able cause.  Ju  his  opinion  n  flame  ignited  a  mixture  of  firedamp 
and  air.  and  then  raised  a  cloud  of  dust  which  carried  the  flame 
throughout  the  pit.  It  had  heen  shown  that  the  explosions 
occurred  simultaneously  in  the  workings  mi  different  sides  of 
the  pit.  which  was  impossible  to  conceive,  and  thus  forced 
materials  up  the  shaft  into  the  headgear.  Two  distinct  forces, 
an  inward  and  an  outward,  were  indicated.  He  thought  the 
locality  of  the  ignition  of  less  importance  than  the  discovery  of 
it >  cause.     He  attached  no  importance  to  the  match  theory. 


Fig.   3. — View  showing  Damaged  Fax-hocsing  and  Drift  at  Killing  worth 
Colliery  after  the  Explosion  of  Decemeer  7th,  J910. 

Mr.  D.  A.  W.  Robertson,  the  general  manager  of  the  Metro- 
politan Colliery,  said  that  never  before  had  the  investigation  of  a 
colliery  explosion  heen  so  thorough,  and  yet  so  barren  in  its 
results.  With  great  diffidence  he  gave  the  "West  Wallsend  Nar- 
row Bords  as  the  place  of  origin.  A  distinct  feature  of  the 
explosion  was  that  the  force  had  proceeded  outwards  from  every 
district.  Unlike  most  explosions  which  only  last  a  few  seconds, 
this  one  lasted  for  at  least  five  minutes.  As  a  cause  of  ignition, 
he  suggested  the  falling  of  the  strata  on  a  skip,  and  the 
resulting  sparks. 
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Mr.  William  Humble,  Inspector  of  Mines,  thought  that 
matches  were  a  likely  cause  of  the  ignition  of  an  explosive  mix- 
ture in  the  "West  Wallsend  Narrow  Bords.  A  double  force  was 
evident  throughout  the  mine.  He  did  not  think  that  a  spark 
had  ignited  gas  at  the  upcast  shaft,  and  he  also  thought  it 
improbable  that  such  a  quantity  of  gas  could  have  been  present 
in  the  upcast  shaft  as  to  be  explosive.  He  did  not  think  that  gas 
ignited  at  the  top  of  the  upcast  would  pass  down  the  shaft,  which 
was  very  wet. 

Mr.  T.  T.  Tennant,  Inspector  of  Mines,  said  that  a  few  win- 
dows in  the  fan-engine  house  were  broken,  the  covering  of  the 
upcast  shaft  was  blown  off,  together  with  a  cage  standing  on  it, 
part  of  the  fan-drift  was  blown  out,  some  of  the  brickwork 
over  the  fan  fell  in,  and  two  blades  of  the  fan  were  broken  (see 
Fig.  •'!  in  text).  The  mine  was  a  labyrinth  of  contrary  forces,  but 
he  was  inclined  to  say  that  the  starting-point  was  in  the  Main 
Hip  District.  The  forces  had  travelled  with  amazing  speed,  and 
a  skip  oh  the  Xo.  8  rope-road  had  a  baulk  from  an  overcast 
jammed  right  through  it. 

Conclusions. — The  writer  places  a  very  high  value  on  the 
information  afforded  by  the  photographs  with  which  he  was 
favoured,  first  by  a  correspondent  in  Sydney,  and  later  by  Mr. 
Duncan  McGeachie,  through  Mr.  A.  A.  Atkinson,  the  Chief 
Inspector  of  Mines.  To  the  courtesy  of  the  latter  gentleman  he 
i-  also  indebted  for  a  copy  of  the  report  of  the  Royal  Commi'sJ 
sioner.*  On  pages  155  to  166  of  the  report  will  be  found  most 
valuable  information  for  every  student  of  colliery  explosion  and 
air-compressi6n  phenomena. 

The  field  having  been  thrown  open  to  anyone  to  enunciate  a 
theory  supported  by  the  known  facts,  the  writer  has  already  had 
considerable  correspondence  with  the  New  South  Wales  authori- 
ties on  his  theory  that  the  Killingworth  explosion  originated  at 
the  to]>  of  the  B  or  upcast  shaft.  He  has  also  made  the  following 
suggestions — first,  that  the  engineer  whilst  oiling  the  fan-shaft 
ignited  an  explosive  mixture  which  was  coming  up  the  upcast 
shaft ;  secondly,  that  flame  from  the  spontaneous  combustion  of 
oily  waste  in  the  fan-drift,  or  around  the  inside  shaft-bearing, 

*  Report  of  the  Court  of  Investigation  on  the  Killingworth  ( 'ol/iery  Explosion, 
'  gether  witJi  Evidence  and  Appendices,  Sydnej-,  1912. 
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had  ignited  an  explosive  mixture  ;  thirdly,  that  a  stream  of  sparks 
had  been  caused  by  the  fan-blades  striking  the  brickwork,  and 
had  thus  ignited  an  explosive  mixture  of  air  and  gas.  Mr.  A.  A. 
Atkinson,  however,  thought  that  the  two  Last-mentioned  sugges- 
tions were  possibilities,  but  that  the  first  one  was  disproved  by 
Watkins5  evidence. 

<  >u  the  main  point  as  to  the  possibility  of  there  being  an  explo- 
sive mixture  of  firedamp  and  air  in  the  mine,  all  the  witnesses 
gave  their  opinion  that  this  could  not  have  been  possible,  and 
yet  they  were  all  agreed  that  the  initiatory  conditions  necessitated 
the  presence  of  an  explosive  mixture  somewhere  to  fire  the  coal- 
dust,  and  that  the  main  force  radiated  towards  the  downcast- 
shaft  bottom.  They  also  agreed  that  whenever  a  heavy  fall  of 
roof  occurred,  the  fall  went  up  to  the  Young  Wallsend  Seam, 
and  brought  down  large  quantities  of  gas.  There  were  200  of 
these  falls  counted,  but  their  sequence  was  not  indicated.  The 
most  likely  possibility,  therefore,  seems  to  be  that  the  explosive 
mixture  originated  from  one  or  more  big  falls,  and  thus  might 
have  travelled,  only  slightly  diluted,  to  the  point  where  it  was 
fired,  which  the  writer  suggests  was  at  the  top  of  the  upcast  shaft. 

The  writer  is  most  deeply  impressed  by  the  photograph  which 
shows  the  damage  to  the  fan-housing  and  drift  (Fig.  3  in  text),  by 
the  effect  of  the  explosion  on  the  materials  at  the  bottom  of  the 
downcast  shaft,  by  the  time  during  which  the  force  continued  in 
the  downcast  shaft,  and  finally  by  his  recollection  of  an  explosion 
which  he  saw  at  the  Burley  Pit  in  North  Staffordshire  many 
years  ago.  This  latter  demonstration  of  force  was  up  the 
downcast  shaft,  and  not  up  the  upcast,  and  as  at  Killingworth 
the  ignition  was  in  the  upcast.  In  all  its  principal  features,  there- 
fore, it  resembled  the  Killingworth  explosion.  Some  of  the  wit- 
nesses called  before  the  Eoyal  Commissioner  evidently  had  some 
suspicion  that  the  explosion  might  have  originated  at  the  fan,  or 
in  the  upcast  shaft,  but  they  resolutely  set  their  minds  to  accept 
only  that  evidence  which  tended  to  prove  that  the  explosion  did 
not  originate  there.  That  they  did  not  exhaustively  digest  the 
whole  of  the  available  evidence  is  quite  clear.  Thus,  Featherstone 
whilst  dressing  heard  the  first  sound,  and  saw  the  first  smoke;  he 
also  saw  the  smoke  clear  away,  and  heard  the  second  sound,  which 
was  probably  due  to  the  crash  of  the  materials  thrown  up  into  the 
headgear  from  the  pit-bottom ;  he  also  saw  the  black  smoke  or 
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dust  rising  from  the  colliery.  Further,  it  must  be  noted  that 
every  man  who  arrived  at  the  works  before  smoke  and  dust  had 
ceased  coming  out  of  the  downcast  shaft  said  that  no  smoke  was 
then  coming  out  of  the  upcast.  A  glance  at  the  official  plan 
will  show  that  the  stable  where  the  horse  wa<>  killed  was 
fed  with  fresh  air,  and  was  surrounded  by  return  airway- : 
consequently,  any  pressure  developing  in  these  airways  would  be 
distributed  evenly  all  round  the  stable,  and  thus  would  prevent 
any  force  from  crossing  from  one  side  of  the  stable  to  the  other. 
Further  than  that,  it  will  be  seen  that  the  overcasts  were  blown 
into  the  haulage-ways,  and  therefore  as  soon  as  the  flume  passed 
these,  the  fine  coal-dust  on  the  haulage-ways  became  involved. 
By  following  this  probable  sequence  of  events,  it  will  be  found 
that  the  continuously-increasing  force  of  the  explosion,  as  it 
gathered  headway,  passed  in-bye,  whilst  at  the  same  time  ir 
found  an  outlet  through  the  downcast  shaft.  Eventually  the 
force  became  so  great  that  it  lifted  most  of  the  material  and  coal- 
skips,  with  the  cages  and  ropes,  and  jammed  the  whole  lot  into  a 
tangled  mass  in  the  headgear.  In  these  circumstances,  it  will  be 
realized  that  the  upcast  shaft,  being  at  first  under  pressure  from 
the  primary  ignition  with  a  downward  direction  of  force,  then 
became  the  downcast,  and  the  air  was  thus  reversed. 

In  further  confirmation  of  this  argument,  the  explorers  found 
that  a  wooden  beam  from  an  overcast  in  the  Main  Dip  District 
was  so  forcibly  ejected  from  the  return  into  the  intake  that  it 
was  forced  through  the  ends  of  a  skip  on  the  haulage-way.  This 
instance  of  force  also  tends  to  show  that  at  this  point  the  force 
in  the  return  airway  was  in  advance  of  that  from  the  ignition  of 
coal-dust  on  the  haulage-way. 

The  fact  that  the  development  of  force  continued  for  so  un- 
usual a  length  of  time  proves  incontestably  that  it  was  the  result 
of  flame-  travelling  on  every  main  roadway  towards  the  coal- 
faces, and  not  in  the  opposite  direction.  This  was  also  proved  by 
the  recorded  extremely  intense  pressures  which  were  found  to  have 
been  produced  in  the  cu^-de-sacs  and  other  places.  The  direction 
of  the  force  (as  stated  above)  is  further  confirmed  by  the  fact  that 
there  were  little  or  no  indication  of  "  back-lash,"  and  thus  the 
accumulated  pressure  just  died  away  quietly  after  the  fiame 
had  reached  the  coal-faces. 

Regarding  the  surface  indications,  the  engineer  Watkins  was 
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not  cross-questioned  with  any  suspicion  of  his  reliability, 
although  he  was  found  running  awav  distinctly  scared,  and  not 
knowing  what  had  really  happened.  He  was  not  asked  whether 
or  not  he  had  oiled  the  end  of  the  fan-shaft  bearing  in  the  fan- 
drift,  or  whether  he  had  been  inside  the  fan-drift.  Assuming, 
however,  that  he  was  in  the  fan-engine  house  when  he  heard  the 
noise  of  filing  bricks,  breaking  windows,  and  the  hissing  of 
steam,  these  were  just  the  occurrences  to  make  him  imagine  that 
a  boiler  had  burst.  Which  way  he  ran  is  not  stated  in  the  report, 
and,  although  he  was  provided  with  a  safety-lamp,  this  was  not 
produced,  nor  any  evidence  given  as  to  where  it  was  found  after 
the  explosion,  nor  as  to  its  condition  when  found. 

The  evidence  of  Featherstone  as  to  the  first  smoke  he  saw, 
coupled  with  the  fact  that  less  force  was  in  evidence  in  the  upcast 
than  in  the  downcast  shaft,  supported  by  the  sequence  of  noises 
testified  by  other  witnesses,  most  convincingly  confirms  the 
writer's  conclusion  that  Watkins  was  either  thoroughly  scared 
and  did  not  actually  know  what  had  happened,  or  else  considered 
it  advisable  to  keep  back  information  which  he  thought  might 
bring  him  into  trouble. 

No  samples  of  dust  appear  to  have  been  taken  for  analytical 
and  microscopical  examination,  but  had  such  been  obtained  from 
the  fan-drift  and  various  points  in  the  mine,  it  is  most  probable 
that  the  mystery  would  have  been  more  readily  cleared  up. 

The  Royal  Commissioner  commented  upon  the  fact  that  no 
attention  had  been  given  to  the  influence  and  sequence  of  the 
falls  of  roof,  which  seemed  to  indicate  that  the  presence  of  an 
unusual  percentage  of  firedamp  might  have  been  accounted  for, 
in  addition  to  that  which  resulted  from  the  fan  not  having-  been 
at  work  for  so  many  hours.  There  was  also  no  corroboration  of 
the  statement  that  the  fan  was  restarted  at  about  4  o'clock. 

In  reference  to  Watkins'  evidence,  the  Royal  Commissioner 
remarked  that  "  His  [Watkins']  idea  that  it  was  a  boiler  explo- 
sion was  natural,  but  as  that  was  his  first  impression,  it  raises, 
the  speculation  whether  the  explosive  outburst  did  not  in  its 
very  inception  come  from  the  direction  of  the  boilers,  which, 
from  his  position,  would  be  the  B  [upcast]  shaft."*  Featherstone 
also  said  "  that  the  cloud  of  dust  seemed  to  die  away  in  about  two 
minutes,  and  that  was  before  the  second  report  was  heard. "f 

*  Rtport,  Appendix  b,  page  216.  +  I  hid.,  page  205. 
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The  writer  docs  not  offer  any  apology  for  bringing  this 
interesting  explosion  to  the  attention  of  the  members  for  open 
discussion,  and  as  a  means  of  ventilating  his  propositions:  be- 
cause he  hopes  that  it  may  bring  out  additional  facts  concerning 
explosive  and  coal-dust  phenomena. 

On  page  217  of  the  Killing-worth  report,  it  will  be  noticed  that 
Sir  William  Garforth  is  credited  with  the  theory  that  fine  coal- 
dust  floats  along  in  the  ventilating  current  of  a  coal-mine  "  in  its 
own  balloon  of  escaping  occluded  gases,"  whereas  it  is  one  of  the 
writer's  theories,  and  he  has  so  advised  his  occasional  correspond- 
ent, Prof.  H.  M.  Payne,  who  made  the  statement.  This  theory 
was  based  on  Prof.  P.  Phillip's  Bedson's  work  on  occluded  gases. 

In  conclusion,  the  writer  would  suggest  that  the  information 
afforded  by  the  Killingworth  explosion  of  the  forces  developed  by 
explosive  mixtures  of  gas,  air,  and  coal-dust,  be  applied  to  the 
unravelling  of  the  point  of  origin  of  the  more  recent  explosion 
at  Senghenydd.  In  both  cases  the  point  of  origin  has  been  placed 
near  the  bottom  of  the  downcast  shaft ;  but,  assuming  for  a  mom- 
ent that  such  was  the  case,  then  it  becomes  plainh  evident  that 
the  forces  at  Senghenydd  were  not  developed  similarly  to  those 
at  Killingworth.  In  the  Killingworth  case  the  force  was  cumu- 
lative, whereas  at  Senghenydd  it  was  of  much  shorter  duration, 
and  the  effects  on  the  mine  were  of  a  totally  different  character. 
The  comparison  will  probably,  therefore,  lead  at  least  some  stud- 
ents of  explosive  phenomena  to  conclude  that  the  point  of  origin 
of  the  Senghenydd  explosion  was  not  at  the  lamp-relighting 
cabin,  but  in-b3'e  at  some  point  such  as  the  one  in  the  Mafeking 
District  known  as  "  William  Williams'  place." 

The  writer,  through  the  courtesy  of  Mr.  A.  A.  Atkinson, 
Chief  Inspector  of  Mines,  New  South  Wales,  is  able  to  give  the 
following  analyses  of  samples  of  dust  from  the  Borehole  Seam  at 
Killingworth  Colliery,  and  to  quote  an  extract  from  the  official 
report  on  the  explosion  (Appendices  I.  and  II.). 
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Appendix  I. —Analyses  of  Samples  of  Dttst  from  the  Borehole  Seam, 

KlLLINGWOKTH    COLLIERY     (COLLECTED    IN     1914). 


Description  of  Sample 


Pine  dust  left  on  Sieves 


Mesh. 


Pausing 

through 

200 


Per  cent. 


Mesh. 


Per  cent. 


50-12 


23-90 


Back  heading,  two 
pillars  from  back 
cross-cut  fflce.  No.  3 
split.  West  Narrow 
Bonl  District  (floor 
dust)  

Sample  of  rib  dust 
from  back  heading, 
No.  3  split,  West 
Narrow  Heading 
No.  3  split.  West 
Narrow  Bord  Dis- 
trict 

Coal-dust  from  floors 
and  main  dip, 
south-east  haulage- 
road 

Coal-dust  from  rib 
and  main  return  of 
Nos.  3  and  4  split?, 

south  side  of  pit    .. 

Dust  from  floor  and 
main  return,  Nos. 
3  and  4  splits,  north 
side  of  pit  ... 

Coal-dust  from,  rib 
and  m-iin  dip, 
south-ea>-t  side  of 
haulage-road  [44'46'  9-]2 


12-07 


48-21  15-86 


1-68  11-90 


40-3918-74 


61-2318-10 


1-84  12  07 


6  45 


10-80  2-41  2272 


7-39  2-16!    6-S7 


6-16 304  21-67 


8-46 


5-84 


2-63 


9-58 


17-48 


23 'So 


3.-)  -94 


34-58 


22-78 


33-00 


1-18  39-40  26-91 


25-43 


17-46 


25-78 


40-18 


33-71 


20-28 


Proximate  Analyses  of 

dust,  passing  through  a 

20fJ-mesh  sieve. 


-  -  a 
■3  S3 


x  S'S 


■3  5 

>  a 


£  g 


Per  cent. 


1-44  30-06 


46-99  21-51 


32  44 


27-60 


4140 


34-94 


1-61 


0*7 


1-41 


3-48 


1-81 


27-92 


45-1225-35 


2H76 


25-29 


40-07  32-30 


43-10  30  20 


22-84 


35-32  38-36 


25-55  45-1127  53 


Appendix  II.-Extract  from  Beport  on  Killingworth  Colliery  Explosion.* 
Department  of  Mines,  Geological  Survey  Laboratory, 


Sir, 


August  9th,  1911. 


I  have  the  honour  to  report  as  follows  respecting  a  sample  of  coal-dust 
collected  from  bords  to  left  of  main  dip,  Killingworth  Colliery 

The  material  supplied  was  found  to  contain  a  number  of  particles  of 
charred  wood,  and  pieces  almost  carbonized  into  charcoal. 

The  dust  was  passed  through  a  60-mesh  sieve  to  remove  the  wood  and 
the  proximate  analysis  conducted  on  the  sieved  material. 


Beport,  page  9 
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Proximate  Analysis. 

Per  cent. 

Hygroscopic  moisture          ...         ...         ...         ...         ...  353 

Volatile  hydrocarbons         1704 

Fixed  carbon              5159 

Ash         2784 

Total        100-00 

No   true   coke    formed ;    a    loose   pulverulent   mass   left   on    applying   the 
coking  test. 

Ash,  light  grey  in  colour;  semi-flocculent. 

On  heating  the  fine  dust  to  100°  Cent.,  an  odour  was  given  off  resembling 
crude  pyroligneous  acid,  formed  from  the  destructive  distillation  of  the  wood. 

It  can  only  be  stated  very  approximately  to  what  temperature  the  fine 
coal-dust  has  been  exposed. 

shows  evidence   of  the  coal-dust   having  been 

submitted  to  a  fairly  high  degree  of  heat,  and  the  temperature  has  probably 
been  over  600°  Fahr. 

John  C    H.  Mixgaye,  F.I  C  ,  F.C.S., 

Analyst  and  Assayer. 


Mr.  T.  H.  O'Brien  (Xew  Mexico)  wrote  that  he  did  not  agree 
with  the  author  as  to  the  point  of  origin  of  the  explosion.  It 
seemed  that  while  the  fan  had  been  shut  down  previous  to  the 
•explosion,  the  natural  ventilation  was  40,000  cubic  feet  per 
minute.  It  was  hard  to  believe  that,  in  a  seam  which  did  uot  give 
off  any  gas  in  itself,  enough  would  be  discharged  from  the  Young 
Wallsend  Seam  (admitting  the  occurrence  of  a  fall)  to  pollute 
so  large  a  volume  to  such  an  extent  as  to  make  an  explosive 
mixture  at  the  fan.  If  the  explosion  originated  at  that  point, 
there  should  have  been  found  some  evidence  of  heat. 

It  would  look  as  if  there  had  been  either  a  fall  of  roof,  which 
extended  to  the  Ycung  Wallsend  Seam,  and  that  a  quantity  of 
gas  had  been  discharged  into  the  borehole  workings,  or  that 
some  previous  fall  gave  off  the  gas,  which,  when  the  fan  was 
started,  was  forced  to  some  point  in  the  mine  and  became  ignited, 
possibly  by  some  smouldering  fire,  or  by  a  small  burning  roof 
feeder.  In  either  case  the  evidence  would  undoubtedly  have 
been  destroyed  by  the  explosion. 

lie!  hougb.1  I  ha1  the  number  of  falls  noted  after  the  explosion 
would  be  of  no  assistance  in  arriving  at  a  conclusion,  as  to  the 
< :ause,  unless  it  could  be  shown,  with  reference  to  the  explosion, 
when  they  occurred. 
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As  an  illustration,  he  might  mention  that  a  few  years  ago  the 
fan  at  the  Sopris  mine  in  Colorado  was  shut  down  for  eight  hours 
for  repairs.  Before  this  shots  had  been  fired,  and  an  inspection 
made  to  see  that  no  fires  had  been  started.  After  the  repairs 
had  been  made,  the  fan  was  put  into  operation,  and  after  it  had 
run  a  very  short  time  an  explosion  occurred.  The  trouble  was 
confined  to  the  inside  workings,  and  did  not  affect  the  surface. 
!No  one  was  in  the  mine,  and  spontaneous  combustion 
and  gob-fires  were  unknown.  After  the  accident  close  examina- 
tion failed  to  show  any  evidence  of  fire,  or  how  the  explosion 
started.  The  workings  gave  off  gas,  and,  unquestionably,  a 
feeder  was  lighted  when  the  shots  were  fired.  A  body  of  gas 
had  accumulated  while  the  ventilation  was  down,  and  when  the 
fan  was  started  the  gas  was  forced  over  the  burning  feeder.  The 
explosion  would  extinguish  a  feeder,  and  no  evidence  would  be 
left  as  to  how  the  explosion  originated. 

Mr.  A.  A.  Atkinson  (Chief  Inspector  of  Coal  Mines,  Sydney, 
Xew  South  Wales)  wrote  that  in  the  first  place  it  might  be 
pointed  out  that  the  number  of  persons  killed  by  the  explosion  at 
Mount  Kembla  Colliery  in  1902  was  95,  and  not  130  as  stated 
by  the  writer  of  the  paper. 

With  reference  to  the  statement  that  "  the  miners  all  used 
open  lights,  as  explosive  mixtures  of  air  and  firedamp  were 
unknown  at  Mount  Kembla  Colliery,"  it  might  be  mentioned  that 
firedamp,  although  it  was  seen  very  seldom,  was  not  unknown  at 
this  colliery,  as  might  be  observed  by  reading  pages  xxvi  to  xxx 
of  the  report  of  the  Boyal  Commission  on  this  explosion.  The 
finding  of  the  Royal  Commission  was  as  follows  :  — 

"  A  fall  in  the  35-acre  waste  drove  an  inflammable  mixture  of  firedamp 
and  air  down  the  4th  Eight  Rope  Road  to  the  No.  1  Eight  Main  Level  with 
sufficient  force  to  cross  the  travelling  road  without  distributing  itself  in  that 
road  to  any  great  extent,  and  to  blow  out  a  canvas  door  (or  doors,  as  to 
which  there  is  a  doubt)  between  the  two  headings.  The  mixture,  driven, 
in  a  state  of  compression,  into  the  Main  Level,  with  a  tendency  (due  to  the 
angle  at  which  the  4th  Right  meets  that  road)  to  travel  rather  out-bye  than 
in-bye,  met  the  intake  air-current;  and,  its  forward  movement  thus  retarded 
and  its  momentum  quickly  reducing,  its  centre  came  to  be  about  the  4th  Right 
Junction.  The  noithern  extremity  of  the  mass,  spreading  in-bye  along  the 
Main  Level,  first  reached  the  wheeler's  light  at  the  4th  Left  in  an  over-diluted 
state;  but,  as  soon  as  a  mixture  rich  enough  to  burn  came  in  contact  with 
the  light,  a  flash  of  flame  ran  back,  starting  the  destructive  action  by 
communicating  the  ignition  to  the  whole  body  (which  was  made  more 
violently  explosive   by  the   presence   of  coal-dust   raised   by  the  first   blast). 
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Thus  the  centre  of  force  showed  itself  at  the  centre  of  the  explosive  body,  and 
lint  at  the  point  of  ignition;  though  there  is  a  prevailing  and  natural,  but 
the  Commission  believe  erroneous,  inclination  to  assume  that  in  such  cases 
the  force  must  necessarily  radiate  from  this  point.  The  firedamp  and  air 
exploded;  and,  in  turn,  started  a  series  of  explosions  of  coal-dust,  which 
wrecked  a  large  portion  of  the  mine,  and  killed  a  number  of  the  miners. 
These  explosions  of  firedamp  and  coal-dust  generated  a  large  quantity  of 
carbon  monoxide;  and  it  was  this  deadly  constituent  of  the  afterdamp  of  the 
explosion  which  caused  the  death  of  by  far  the  larger  number  of  the  victims 
of  the  disaster."* 

Their  criticism  of  the  theory  propounded  in  the  Colliery 
Guardian^  in  connexion  with  the  explosion  at  Talk-o'-th'-Hill 
Colliery  in  1901,  and  its  application  to  the  Mount  Keinbla  Explo- 
sion in  1902,  was  in  his  (Mr.  Atkinson's)  opinion  fully  justified. 

Referring-  to  Watkins,  the  fan-engine  driver  and  boiler- 
attendant,  Mr.  Ashworth  stated  that  "he  told  the  Royal  Com- 
arissioner  that  lie  frequently  passed  between  the  boilers  and  the 
fan-engine  and  oiled  the  bearings,  but  he  did  not  say  whether  or 
not  he  oiled  the  fan-bearings  inside  the  fan-drift."  In  regard 
to  this  Watkins  had  distinctly  stated  in  his  evidence  :  "  I  did  not 
go  into  the  fan-drift  at  all  that  morning,"  and  there  was  no 
reason  to  doubt  this  statement,  which  was  accepted  without  com- 
ment by  Mr.  Andrew  R.  J.  Watt,  the  Commissioner. 

It  was  quite  correct  that  the  sealed-off  area  in  No.  8  District 
was  regarded  with  suspicion  as  the  possible  locality  where  the 
explosion  was  started,  but  that  idea  was  abandoned  after  the  area 
had  been  explored — and  this  was  confirmed  again  by  reopening 
the  district  in  consequence  of  the  Commissioner's  finding. 

With  reference  to  the  author's  theory  that  the  explosion 
originated  at  the  top  of  the  B  or  upcast  shaft,  and  the  suggestions 
offered  to  account  for  its  initiation — "  first,  that  the  engineer 
whilst  oiling  the  fan-shaft  ignited  an  explosive  mixture  which 
was  coining  up  the  upcast  shaft :  "  the  assumption  of  an  explosive 
mixture  ;it  the  time  was  not  corroborated  by  the  observations  of 
several  mining  engineers  and  himself  (Mr.  Atkinson)  under 
somewlial  similar  conditions,  namely,  when  the  fan  was 
standing.  As  the  natural  ventilation  was  found  by  measurement 
to  lie  ;it  least  40, 000  cubic  feet  per  minute,  and  as  no  fresh  coal- 
faces were  being  exposed,  coal-getting  operations  having  ceased 

Mount  Kernbla  Colliery  Disaster,  SI  July,  1902:   Report  of  the  Royal  Com- 
tnission,  together  with  Minnies  of  Evidence  and  Exit  Hits,  Sydney,  1903,  page  xxxv. 

t  190-2,  vol.  lxxxiii.,  page  3S9. 


for  eight  weeks  before  the  exnlo.i.m    l, 

: ■•■— *™*^7X72:nZTntvith 

wpromae  that  the  „,„„„,, ,.  „,  til     , ,       '      '     *  "V  ™* 

■■'"...  «.;..,.»„  wi,.ei,i1eri„flummaU;r);:1:i  :,,M,,,',,m' 

entu-elv  WW.  ^  tlle  1<lea  ,,„„  b  ^  ab;;,2:  j"«-  h>"  ">ese 

«  seexoed  that  tg  su^I  t' L      ,f  t^"  °f  ""*  WitM8S' 

Hon    could    ,,e   d£S5T    Stlh^ «"•««"  1  «»  i»m- 

ouired     t  /"""fMO-      It   further   corroboration    were   re- 

o  it ::',:;:;;;:" the  ^  °*  *•  -~  «*«-,  „,  :r: 
*i  of  z  £&  ■ ; :::— -j- * -*«  «*-  ■■  „ «, 

linh*  ,„  tl,  .  aajlight,  and  I  had  not  to  carry  a 

iisut  in  the  course  of  my  duties  "  ' 
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(Mr.  Ashworth's)  report,  which  stated  (when  referring  to  the 
second  and  third  suggestions)  that  "  there  is  no  evidence  to 
support  either  of  these  possibilities,  and  they  may  therefore  be 
regarded  as  theories  without  any  foundation."  The  author  had 
evidently  misconstrued  what  he  (Mr.  Atkinson)  said  in  regard  to 
tli is  matter. 

The  author,  in  referring  to  the  falls,  had  stated  that 
there  were  200  of  these  falls  counted,  but  their  sequence 
was  not  indicated."  The  falls  were  shown  on  the  plan  attached 
to  the  report,  but  it  would  be  interesting  to  know  how  their 
sequence  could  be  indicated. 

It  was  unfortunate  that  the  author  should  have  stated  that 
"  some  of  the  witnesses  called  before  the  Eoyal  Commission 
evidently  had  some  suspicion  that  the  explosion  might  have 
originated  at  the  fan,  or  in  the  upcast  shaft,  but  they  resolutely 
set  their  minds  to  accept  only  that  evidence  which  tended  to 
prove  that  the  explosion  did  not  originate  there."  There  was  no 
evidence  to  support  such  a  statement,  and  it  might  be  mentioned 
that  the  mining  engineers  and  the  mining  community  generally 
in  New  South  Wales  would  gladly  consider  any  theory  supported 
by  known  facts  to  account  for  the  explosion.  As  was  well 
known,  this  was  not  by  any  means  the  only  explosion  the  origin 
of  which  had  not  been  traced,  and  the  solution  of  which  was 
rendered  all  the  more  difficult  having  regard  to  the  unusual 
circumstances  under  which  it  occurred. 

As  he  (Mr.  Atkinson)  did  not  agree  with  the  conclusion  that 
the  explosion  had  its  origin  at  the  top  of  the  upcast  shaft,  and 
the  author  had  seen  fit  to  throw  suspicion  on  part  of  the  evi- 
dence given  at  the  enquiry  because  it  did  not  support  his 
theory,  the  writer  did  not  propose  to  comment  further  on  his 
arguments. 

Mr.  William  Humble  (Senior  Inspector  of  Mines,  Newcastle, 
Xew  South  Wales)  wrote  that  in  the  introductory  paragraph, 
referring  to  the  Mount  Kembla  explosion,  Mr.  Ashworth  had 
stated  that  "  one  of  the  Inspectors  of  Mines  endeavoured  to  class 
it  as  a  firedamp  explosion,  but  entirely  failed  to  indicate  whence 
(lie  firedamp  could  have  come,  and  also,  if  it  existed,  how  it  had 
become  ignited."  It  was  conclusively  proved  before  the  Eoyal 
Commission  that  tlie  mine  yielded  small  quantities  of  firedamp. 
He  (Mr.  Humble)  was  one  of  a  party  who  found  10,000  cubic  feet 
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in  some  of  the  winning-places  a  few  days  after  the  explosion,  and 
he  also  found  1  per  cent,  with  the  hydrogen-flame  at  the  edge 
of  one  of  the  goaves.  For  this  and  other  reasons  the  Commission 
concluded  that  the  cause  of  the  explosion  was  gas  forced  by  a 
fall  from  this  goaf  on  to  the  haulage-road,  where  it  was  ignited 
at  the  open  light  of  a  clipper  boy  working  on  the  road. 

The  Commission  gave  due  attention  to  the  advocates  of  the 
""  wind-blast  "  theory,  but  promptly  rejected  their  urgings. 

With  regard  to  the  explosion  at  Killingworth  Colliery,  Mr. 
Ashworth  was  of  opinion  that  it  had  started  at  the  top  of  the 
upcast  shaft,  ignition  being  brought  about  either  by  the  f an- 
al tendant's  lamp,  by  sparks  produced  by  the  edge  of  the  fan 
striking  the  brickwork,  or  by  the  spontaneous  combustion  of  oily 
waste  in  the  fan-drift.  The  answer  to  this  theory  was  (1)  that 
as  it  was  daylight  at  the  time,  the  fan-attendant  carried  no  light ; 

(2)  that  the  wood  vanes  of  the  Guibal  fan,  even  though  they 
touched  the  brickwork  of  the  fan-house  (of  which  there  was  not 
a  tittle  of  evidence)  would  be  unlikely  lo  cause  sparking;  and 

(3)  that  everything  in  the  fan-drift  was  invariably  sopping  wet 
by  reason  of  the  exhaust-steam  from  an  underground  pump 
which  worked  more  or  less  every  working  day. 

It  should  also  be  borne  in  mind  that  the  natural  ventilation 
operated  in  favour  of  the  fan  to  a  high  degree.  With  the  fan 
standing,  the  quantity  of  air  flowing  by  natural  means,  in  summer 
weather,  was  about  40,000  cubic  feet  per  minute;  in  winter  it 
was  found  to  be  60,000  cubic  feet.  With  the  former  quantity 
flowing  on  the  morning  of  the  explosion,  it  was  very  unlikely 
that  there  would  be  a  large  volume  of  firedamp  to  be  brought 
from  any  part  of  the  mine  by  the  starting  of  the  fan.  There 
would  doubtless  be  small  accumulations  in  several  of  the  rise 
winning-places,  but  these,  in  the  aggregate,  were  not  likely  to 
have  "  fouled  "  the  total  current  of  about  100,000  cubic  feet 
in  the  upcast  at  the  time  of  the  explosion. 

The  conditions  underground  were  such  that  a  sudden  and 
large  outburst  of  gas  would  not  be  given  off  by  the  Young 
Wallsend  Seam  on  the  night  previous  to  the  explosion.  This 
upper  coal  had  been  exposed  by  scores  of  falls  prior  to  the 
explosion  ;  and  while  there  were  many  additional  falls  induced 
by  the  explosion  (as  shown  by  the  absence  of  dust  on  them), 
none  of  unusual  size  and  height  were  seen  after  the  explosion — an 
indication  that  no  abnormal  quantity  of  gas  had  been  released. 
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The  only  reservoir  of  any  reasonable  size  known  to  contain 
gas  in  the  mine  was  one  small  goaf  of  5  or  6  acres,  but  this 
bad  been  walled  off  after  signs  of  heating  had  been  observed 
two  years  before  the  explosion.  On  the  mine  being  travelled 
alter  the  explosion,  the  walling-off  stoppings  were  all  found  to 
have  been  blown  into  the  goaf.  Thus  the  Royal  Commissioner's 
theory  of  ignition  having  been  started  by  a  fire  in  this  goaf  was 
proved  to  be  without  reasonable  foundation.  This  theory  was 
built  up  and  elaborated  by  the  Commissioner  in  his  anxiety  to 
find  the  cause  and  the  place  of  the  explosion,  and  in  the  face 
of  contrary  evidence  given  to  him  by  almost  every  person  who 
had  explored  the  workings  after  the  explosion,  some  of  whom 
possessed  intimate  knowledge  of  the  mine  from  the  time  when  the 
shafts  were  sunk  more  than  20  years  ago. 

The  President  (Mr.  T.  Y.  Greener)  proposed  a  vote  of 
thanks  to  Mr.  Ashworth  for  his  interesting  paper. 

Mr.  John  H.  Merivale  seconded  the  motion,  which  was 
cordially  adopted. 


Mr.  Samuel  Dean's  paper  on  "  Coal-mining  in  the  State 
of  Pennsylvania,  United  States  of  America,"  was  taken  as  read, 
as  follows  : — 
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GOAL-MINING  IN  THE   STATE  OF  PENNSYLVANIA, 
I'XITED  STATES  OF  AMERICA. 


By  SAMUKL  DEAN. 


Early  History.  The  outcrops  of  anthracite  coal  were  probably 
discovered  in  the  Wyoming-  Valley  in  Pennsylvania  by  the 
'  Yankees,"  shortly  after  they  settled  there  in  the  year  1762. 

Records  show  that  much  difficulty  was  experienced  in  igniting 
or  burning  anthracite,  thus  preventing  for  a  long  time  its  general 
use  m  place  of  wood.  The  public  gave  it  the  name  of  "  stone- 
coal  "  or  "  black  rocks,"  and  it  was  the  subject  of  much  suspicion 
and  ridicule,  the  difficulties  of  finding  purchasers  being  equal  to 
the  difficulties  of  reaching  the  market.  In  1803  two  "  arks  " 
of  coal  containing  less  than  100  tons  each  reached  Philadelphia 
after  a  perilous  passage  down  the  Lehigh  and  Delaware  River;. 
After  much  delay  the  city  authorities  purchased  the  coal  for  the 
purpose  of  generating  steam  for  a  pumping-plant.  The  trial  was 
a  failure,  and  the  coal  was  broken  up  and  used  to  "  gravel  "  tlr> 
footwalks  of  the  grounds. 

In  18.12,  anthracite  coal  was  successfully  burned  for  practical 
purposes  m  the  city  of  Philadelphia,  the  "  mystery  "  havino-  been 
solved  by  accident.  With  much  perseverance  and  persisted 
determination  the  workmen  had  poked  it,  stirred  it,  and  blown 
upon  the  surface  through  open  furnace  doors.  Dinner-time 
having  arrived,  the  men  shut  the  furnace  doors  in  disgust  On 
^turning  from  dinner  they  were  surprised  to  find  the  doors  red 
bot,  and  on  opening  them  saw  a  glowing  mass  at  white-heat. 
From ^this  time  anthracite  found  friends  and  advocates  in 
-Philadelphia. 

It  is  interesting  to  note  that  the  year  1812  is  about  the  time 

to  M6    r  VTVVhe  PnnCipleS  °f  thG  safetHamp.     According 
to  Mr.  E.   Y\  .  Parker,  of  the  United  States  Geological  Survey  * 
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the  year  1820  is,  however,  considered  to  mark  the  beginning  of 
.  anthracite  industry,  365  long  tons  having  been  shipped  from 
I;!,,  region  in  that  year.  In  1810,  464,826  short  ton. 
of  bituminous  coal  were  mined,  and  this  is  the  firs .record ^of 
bituminous  coal  production  in  Pennsylvania.  In  188C ^  the  total 
production  of  bituminous  coal  and  anthracite  was  ±4,538,972 
Bhort  tons  (2,000  pounds).  The  following  table  relating  to  the 
vear  1913  shows  the  rapidity  of  development : - 


Coal  Production  is  Pennsylvania  in    1913. 


Anthracite        91,626,964 
Bituminous     172,965,659     24,200,320 


66,707,691    156,274     U8 


Totals  ...    264,592,623     24,260,320     66,764,598    234,941     755 


329 


2,714 


The  area  of  what  are  called  the  "  anthracite"  fields  whichlm 
i„  the  east-central  pari  of  the  State,  is  480  square  miles.  The 
bituminous  seams  underlie  the  greater  portion  of  the  western 
lullf  of  the  State  and  cover  about  14,200  square  nnta.  The 
Pittsburgh  Seam  i-  perhaps  the  most  famous  coa -seam  in 
America!  It  covers  an  enormous  area,  and  is  suitable  foi  th 
production  of  coke,  gas,  and  steam.  ,,..,.        ,  „t„i. 

Lnthracite  coal  is  now  used  principally  for  heating  hotels 
apartment  houses,  office  buildings,  etc..  and  the  increase  of  pro- 
duction will  probably  be  regulated  by  the  increase  in  population. 
The  future  production  of  bituminous  ooal  will  be  governed  by 
the  progress  in  manufacture.    Anthracite  mining  is  move  profit- 
au/than  bituminous  mining.     A  ton  of  bituminous  nnne-iun 
coal  ,,,„  be  boughi  in  the  Pittsburgh  district  for  less  than  4     9J 
(fl-15)  f.o.b.  railway-:,,-  or  trucks  at  the  mm.     The  pnee  in 
Le  other  parts  of  the  State  is  not  more  than  4s.  2d.  (*D  pe 
ton.     Many  complaints  are  heard  regarding  the  lev  prices    but 
„„.,,.  ,„,„„,,„„  .  „ .„,  aontinue  as  long  as  the  present  methods  are 

followed. 
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Methods  of  Working,  Haulage,  etc. — The  rooni-and-pillar 
method  of  working' — which  somewhat  resembles  the  South  Wales 
single-  and  double-stall  systems — has  been  described  in  previous 
papers,  and  special  reference  is  directed  to  the  Report  by  Mr. 
H.  M.  Chance  to  the  Second  Geological  Survey  of  Pennsylvania,* 
and  the  contribution  of  Mr.  H.  H.  Stoek  in  the  Twenty-second 
Annua}  Report  of  the  United  States  Geological  Survey, f  for 
particulars  of  working  the  thick  and  highly-inclined  anthracite 
seams.  The  working  of  the  anthracite  seams,  which  pitch  at  all 
angles  from  the  horizontal  to  the  vertical,  are  gaseous,  and  often 
heavily  watered,  naturally  demands  engine?ring  skill  above  the 
ordinary. 

Figs.  1  to  8  (Plate  IX.)  show  several  vertical  szctions  in  the 
anthracite  district  of  Pennsylvania,  while  Fig.  13  in  the  text  is 
a  photograph  of  a  model  illustrating  the  methods  of  mining 
anthracite  coal  under  the  several  conditions  of  its  occurrence,  an  1 
also  shows  types  of  mining  plants.  The  difficulties  encountered 
are  far  greater  than  any  met  with  in  connexion  with  bituminous 
mining.  The  consequence  is  that  the  cheap  and  incompetent 
owner  and  manager  is  kept  out  of  the  field  to  a  large  extent,  and 
the  industry  is,  on  the  whole,  remunerative.  Figs.  14,  15,  and 
16  in  the  text  show  steel  and  concrete  timbering  in  anthracite 
mines. 

Where  the  thick  seams  crop  out  and  the  crests  of  the  anti- 
clines are  near  the  surface,  and  where  pillars  were  left  many  years 
ago  in  shallow  seams,  the  overburden  is  now  being  removed  by 
means  of  steam-shovels.  Figs.  IT,  18, 19,  and  20  in  the  text  show 
the  method  of  removing  the  overburden. 

It  is  practicable  and  profitable  to  remove  3  feet  of  overburden, 
60  per  cent,  of  which  is  rock,  for  the  recovery  of  one  vertical  foot 
of  coal.  The  Mammoth  Seam  is  50  feet  thick  in  places,  and 
on  the  above  basis  it  would  be  profitable  to  remove  150  feet  of 
cover  to  win  this  seam. 

The  anthracite  screening,  washing,  and  sizing  plants,  known 
as  "  breakers,"  were  formerly  constructed  of  wood,  but  those  of 

*  Second  Geological  Survey  of  Pennsylvania  :  Report  on  the  Mining  Method* 
and  App'iances  used  in  the  Anthracite  Coal-fields,  by  H.  M.  Chance,  1883. 

t  "The  Pennsylvania  Anthracite  Coa'-field,"  by  H.  H.  Stoek,  Twenty -second 
Annual  Report  of  the  United  States  Geological  Survey  to  the  Secretary  of  the  Interior, 
1900-1901,  part  iii.,  page  61. 
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recent  construc- 
tion are  of  either 
steel  or  con- 
crete, or  a  com- 
bination of  both 
(Figs.  21  and  22 
in  the  text). 
Reinforced  con- 
crete railway  - 
bridges  are  also 
being  built. 

It  will  be 
noticed  that  the 
breakers  are 
some  distance 
from  the  shafts, 
in  accordance 
with  the  anthra- 
cite mine  law  of 
Pennsylvania. 
The  burning  of 
the  A  von  dale 
breaker  in  1869, 
which  was  situ- 
ated over  the 
shaft,  caused 
great  loss  of  life, 
the  smoke  being 
carried  down 
into  the  work- 
ings. The  re- 
moval of  the 
screening-plant, 
therefore,  is  not 
on  account  of 
dust,  as  the 
Pennsylvanian 
anthracite  dust 
is  not  considered 
to  be  explosive. 
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Fig.  14.— Loading  Coal  from  a  8 


hoot  in  a  Pitching  Anthracite  Seam. 


Fig.  15— A  Main  H 


aulage-road  with  Concrete  Arches  in  an 
Anthracite  Seam. 
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It  is  common  to  wind  or  hoist  the  mine  cars  or  tubs  up  above 
the  ground-level  of  the  shaft ;  self-dumping  cages  are  used,  and 
the  coal  slides  down  a  shoot  on  to  a  conveyor,  which  carries  it 
to  the  head  of  the  breaker.  The  writer  did  not  see  any  check- 
weighmen  in  the  anthracite  region,  and  the  coal  is  generally  paid 
for  by  the  car  or  tub. 

Wherever  it  is  possible  to  save  manual  labour,  this  is  done.  In 
the  dry  methods  of  preparation  the  coal  is  cleaned  first  by  mech- 
anical pickers.  In  one  method  the  coal  and  slate  slides  down  a 
shoot,  in  which  there  is  a  slot ;  the  coal  jumps  the  slot,  but  the 
slate,  being  heavier,  falls  through.     The  labour  cost  of  the  pre- 


Fig.   16. — Steel  Timbering   in  an  Anthracite  Mine. 

paration  of  anthracite  costs  from  3d.  to  6d.  a  ton.  according  to  the 
amount  of  slate  in  the  seam,  and  the  disposition  of  the  refuse 
costs  as  much  as  2d.  per  ton  of  coal  shipped. 

Fig.  23  in  the  text  shows  one  of  the  many  anthracite  culm 
piles  which  form  part  of  the  ''scenery"  in  the  district.  Very 
Little  coal  goes  to  the  culm-banks  at  the  present  time,  however; 
the  old  heaps  are  being  turned  over  and  washed,  and  in  places 
t  lie  residue  is.  after  being  crushed  to  pass  a  i-inch  screen,  flushed 
into  the  mine  to  fill  the  old  workings.  A  preliminary  report  on 
hydraulic  mine-filling,  as  practised  in  the  anthracite  mines,  has 
been  published  by  the  United  States  Bureau  of  Mines.* 

*  "  Hydraulic  Mine-filling  :  Its  Use  in  the  Pennsylvania  Anthracite  Fields," 
a  Preliminary  Report  by  Charles  Enzian,  Bulletin  Xo  6",  Department  of  the 
Interior,  Bureau  of  Mines. 
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A  typical  view  of  the  anthracite  country  is  shown  in  Fig.  24 
in  the  text.  Many  of  the  anthracite  plants  are  being  beautified 
by  the  cultivation  of  trees,  lawns,  and  gardens.     Large  numbers 


Fig. 


17.— Mining  Anthracite,  the  Overburden  having  been  Removed  by 
Steam-shovel. 


Fig.    18.—"  Stripping  "   near   Hazleton,   Pennsylvania,   removing   over  100 
feet  of  Cover.     A  Shot  has  just  been  Fired  in  Front  of  the  Steaji- 

SHOVEL. 
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of  inexperienced  miners  from  Eastern  and  Southern  European 
countries  are  employed,  these  forming-  about  65  per  cent,  of  all 
ilic  employees  in  and  about  the  anthracite  mines. 


Fig.  19. — Mining  Anthracite  Coal  with  a  Steam-shovel. 


Fig.  20. — The  Outcrop  of  the  Mammoth  Seam. 

The  following  particulars  relate  to  a  large  anthracite  plant 
where  4,500  long  tons  of  coal  per  day  of  9  hours  are  dealt  with  in 
the  breaker,  the  coal  coming  from  different  surface-openings  and 
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a  shaft.  Ten  different  sizes  of  fuel  are  prepared,  and  are  known 
as  (1)  barley  No.  2;  (2)  barley  No.  1 ;  (3)  rice  :  (4)  buckwheat;  <5) 
pea;  (6)  chestnut ;  (7)  stove;  (8)  egg ;  (9)  grate;  and  (10)  lump. 
The  sizes  from  barley  No.  2  to  pea  are  used  for  steam-raising 
purposes,  and  from  chestnut  to  lump  for  domestic  purposes. 
'I  here  are  1,000  miners  and  loaders  employed,  giving  an  average 
of  45  tons  per  man  at  the  face.  Coal-cutting  machines  are  not 
used,  the  pitches  of  the  seams  not  being  considered  favourable. 
The  following  workmen  are  employed:  — 

4  Mine  foremen. 

2  Assistant  mine  foremen. 
16  Firemen  or  fire  bosses. 
10  Tracklayers. 
18  Tracklayer  helpers. 
40  Timbermen. 
170  Haulage   bands,   including  trappers,   slope   men,   shaft-bottom   men, 

enginemen  underground,  drivers  of  locomotives,  and  mule  drivers. 
30  Masons. 
28  Brattice-men. 
18  Repair-men  and  road-cleaners. 
15  Electricians  and  helpers. 

9  Pumpmen. 

9  Prop-cutters. 

2  Blacksmiths  for  shoeing  mules  underground. 
4  Shaft  repair-men. 

G  Doormen,  repairing  and  building  doors. 

3  Tub-oilers. 

The  average  capacity  of  the  mine  cars  or  tubs  is  7,000  pounds 
(3  tons  2h  hundredweights).     Eleven  seams  of  coal  are  worked. 

The  anthracite  mines  are  the  most  gaseous  in  America,  and 
gas  explosions  have  been  and  are  numerous.  The  explosions  are 
generally  local,  burning  or  killing  only  a  few  men,  and  show 
very  clearly  that  when  an  explosion  travels  through  the  workings 
of  a  bituminous  mine,  sowing  death  and  destruction  from  the 
face  to  the  shaft-bottom,  the  cause  is  coal-dust  even  if  the  mine 
is  considered  to  be  wet.  The  coal-mining  plants  in  the  anthracite 
district  are  called  "  collieries,"  and  in  the  bituminous  district 
they  are  called  "mines." 

A  famous  bituminous  mine  is  the  Marianna,  belonging  to  the 
Pittsburgh-Buffalo  Company  (Fig.  25  in  the  text).  The  company 
owns  6,000  acres  of  the  celebrated  Pittsburgh  Seam,  and  three 
other  seams  of  workable  thickness  which  are  not  at  present  being 
worked.     The    main    winding   shaft    is    rectangular    in    shape, 
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measuring  22  by  33  feet,  and  contains  hoistways  and  stairs.  A 
large  bath-house  is  provided  for  the  use  of  the  miners,  as  also  an 
amusement  hall,  fully  equipped  with  bowling  alleys,  pool  and 
billiard  tables,  skating-rink  and  picture  shows,  with  a  reading 
and  lecture-room  where  night  school  is  held.       The  town  com- 


Fig.  21. — Anthracite  Screening  and  Sizing-plant. 


Fig.  22. — Eeinforced-concrete  Screening  and  Sizing-plant. 


prises  about  500  houses,  which  are  mostly  of  brick,  and  vary  in 
size  from  four  to  fourteen  rooms.  In  each  house  there  is  a  bath, 
hot  and  cold  water,  and  electric  light.  The  houses  are  spaced 
well  apart,  and  each  has  a  garden,  which  is  fenced  in.  The 
streets  are  graded  and  have  concrete  sidewalks  with  shade  trees 
(Figs.  26  and  27  in  the  text). 
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The  mine  holding  the  record  for  the  highest  production  of  bit- 
uminous coal  in  the  State  is  the  No,  4  Mine  belonging  to  the 
Vesta  Coal  Company,  situated  about  50  miles  from  Pittsburgh, 


Fig.  23. — Ax  Anthracite  Culm-pile. 


Fig.  24. — View  of  Anthracite  Region  in  Pennsylvania. 

near  the  Monongahela  River.  The  record  output  for  one  day  of 
8  hours  is  7,380  short  tons,  the  average  production  per  day  being 
<5,000  short  tons.       Only  one  seam  (the  Pittsburgh)  is  worked, 
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Fig.  25.— The  Tipple  or  Heapstead  at  the  Marianna  Mine  of  the 
Pittsburgh-Buffalo  Company. 


Fig.  26.— View  of  the  Marianna  Mine. 
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which  averages  a  little  over  G  feet  in  thickness,  and  is  free  from 
faults.  The  seam  crops  out  on  the  hillside,  and  all  the  coal  is 
crushed  and  loaded  into  barges  of  a  capacity  of  1,000  tons,  and 
shipped  to  Pittsburgh  for  coking. 

The  capacity  of  the  mine  cars  or  tubs  is  from  2|  to  3  tons 
About  550  tubs  of  coal  are  loaded  during-  the  night,  and  these  are 
hauled  out  and  emptied  during  the  day.  About  120  tubs  of  rock 
or  slate  are  loaded  per  day,  and  hauled  out  and  dumped  during 
the  night.  Thirty-five  electric  trolley  locomotives  are  used  for 
haulage  purposes  underground.  There  are  no  mules  or  horses  and 
electric  cable-reel  locomotives  run  into  the  faces  of  all  rooms 


Fig.  27.— The  Mine  and  Town  of  Marianna. 

Some  of  the  coal  is  hauled  for  a  distance  of  6  miles.  The  dip  of 
the  seam  varies  from  U  to  2*  in  100.  Ten-ton  locomotives  haul 
trams  of  twenty-three  loaded  cars  up  a  gradient  of  2  in  100.  The 
rails  in  use  weigh  90  pounds  to  the  yard  on  main  roads,  50  and 
30  pounds  on  secondary  roads,  and  16  pounds  in  rooms.  There 
are  133  miles  of  underground  track  in  use.  Oil  and  carbide  open 
lights  are  used. 

Of  the  total  production,  88  per  cent,  is  undermined  by 
electrically-driven  chain-machines,  and  12  per  cent,  of  the  coal 
is  undercut  by  hand.     The  coal  is  shot  down  after  undermining, 
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Fig.  28. — The  Tipple  Building  at  the  Vesta  Xo.  5  Mine. 


Fig.  29. — Compressed-air  Locomotive  Used  on  Main  Eoads. 


Fig.  30. — Another  Type  of  Compressed-air  Locomotive. 
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"permissible"  explosives  exclusively  being  used.  The  price 
paid  for  undercutting  by  machine  is  :%1.  (6*  cents)  per  ton,  and 
for  loading  the  coal  which  has  been  shot  down  Is.  4|d.  (32£  cents) 
per  ton  is  paid.  The  price  paid  for  pick-work  or  hand-mining  is 
Is.  10M.  (45  cents)  per  ton.  The  loaders  average  from  8  to  10 
tons  per  shift.     The  following  day  wages  are  paid  :_ 

Tracklayers  per  day  of  8  hours,  lis.  lOd.  ($2-84). 

Tracklayers-  helpers  per  day  of  8  hours,  10s.  lid.  ($2-62). 

Timbermen  per  day  of  8  hours,  10s.  lid.  (|2-62). 

Locomotive  drivers  per  day  of  8  hours,  12s.  8£d.  (|3-5). 

Firemen  or  fire  bosses  per  calendar  month,  £18 "l5s.  (§90). 

The  following  workmen  are  employed: 

750  Hewers  and  loaders. 

1  Mine  superintendent. 

1  Mine  foreman. 

5  Assistant  mine  foremen. 

1  Night  mine  foreman. 

240  Day-wage  men,  including  day-  and  night-shift. 

The  Vesta  No.  5  Mine  will  probably  be  eventually  the 
largest  producing  mine  in  the  State  (Fig.  28  in  the  text).  The 
owners  state  that  they  are  equipping  the  mine  to  produce  the 
enormous  output  of  15,000  tons  per  day  of  8  hours  from  one 
fa-loot  seam,  and  it  will  be  interesting  to  note,  as  time  goes  on, 
how  far  their  expectations  have  been  realized.  At  present  the 
output  is  between  3,000  and  4,000  tons  per  day. 

As  it  was  expected  that  the  mine  would  be  gaseous,  com- 
pressed-air haulage-locomotives  were  installed,  and  travel  over 
rails  weighing  90  pounds  to  the  yard  on  main  roads,  50  pounds 
on  secondary  roads,  and  30  pounds  in  rooms. 

It  is  an  inspiring  sight  to  see  a  compressed-air  locomotive 
racing  along  a  main  haulage-road,  with  a  flaring  headlight  in 
front,  and  a  long  train  of  3-ton  capacity  tubs  behind.  Only  by 
the  use  of  the  large-capacity  tubs  could  these  outputs  be  kept  up. 
Figs.  29,  30,  31,  and  32  in  the  text  show  various  types  of  com- 
pressed-air locomotives. 

Colliery  managers  in  other  countries  would  do  well  to  give 
some  attention  to  the  use  of  compressed-air  locomotives.  °  In 
"gathering"  or  hauling  coal  from  the  coal-face  to  main 
road-sidings,  the  working  of  two  or  three  shifts  is  a  decided 
advantage  to  a  locomotive  as  compared  with  mules,  horses,  or 
ponies.  Horses  cannot  be  worked  for  two  or  three  shifts,  whereas 
locomotives  can,  thereby  distributing  the  increased  interest  and 
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depreciation  charges  over  double  or  treble  the  number  of  hours. 
There  appears  to  be  a  lamentable  dearth  of  accurate  information 
regarding  the  relative  costs  of  the  various  systems  of  haulage, 
but  during  the  discussion  of  this  paper  some  valuable  figures  may 
be  brought  out.  The  bigger  the  capacity  of  the  mine  car  or  tub, 
the  greater  is  the  advantage  of  the  locomotive,  which  is  able 
to  get  a  large  quantity  of  coal  each  time  it  makes  a  trip  to  the 
face  of  a  working-place. 

Single-expansion  compressed-air  locomotives  were  first  used, 
with  air  at  a  pressure  of  from  600  to  1,000  pounds  per  square 
inch,    stored    in    a   reservoir,    from   which    the    air    was    drawn 


Fig.  31. — Another  Type  of  Compressed-air  Locomotive. 


through  a  reducing-valve  set  to  maintain  a  pressure  of  150 
pounds  at  the  throttle.  The  efficiency  was  rather  poor,  but  this 
has  been  increased  to  a  great  extent  with  the  introduction  of 
the  two-stage  type  of  locomotive.  In  this  type  the  air  is  stored 
at  a  pressure  of  800  to  900  pounds  in  the  locomotive  receiver, 
which  can  be  recharged  in  from  one  to  two  minutes.  The  air 
passes  through  a  reducing-valve  to  the  high-pressure  cylinder  at 
250  pounds  pressure  and  atmospheric  temperature.  It  exhausts 
through  an  atmospheric  inter-heater  at  a  pressure  of  50  pounds 
to  I  he  low-pressure  cylinder.  The  temperature  of  the  air  leaving 
the  high-pressure  cylinder  is  about  140°  Fahr.  below  that  of  the 
atmosphere.  The  surrounding  air  is  used  as  a  heating  medium, 
and  is  drawn  in  by  the  ejector  action  of  the  exhaust  through  a 
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cylindrical  reservoir  filled  with  small  tubes.  Nearly  all  the  heat 
lost  is  restored  in  expanding  the  air  about  36  per  cent  The 
piping  for  these  high  pressures  is  of  the  best  material  with 
sleeve-joints  carefully  made  so  as  to  prevent  leakage  The  pres- 
sures may  seem  rather  dangerous,  but  the  factor  of  safety  main- 
tained is  large.  The  positions  of  the  charging  station;  under- 
ground depend  upon  the  length  of  the  haul  and  the  capacity  of 
the  locomotive.  The  operation  of  charging  a  locomotive  is  very 
simple:  a  right-angle  connexion  inserted  in  the  air-main  projects 
a  sufficient  distance  for  conveniently  coupling  to  the  charging 
pipe  of  the  locomotive.      By  means  of  a  ball-and-socket  joint,  pari 


Fig.  32.-A  Two-stage  Compressed-air  Locomotive  ix  Use  at  the 
Vesta  No.  5  Mine. 

of  the  pipe  connected  with  the  main  can  be  swung  back  out  of 
the  way  when  not  in  use. 

The  Coal-dust  Danger.~The  writer  saw  no  methods  of  dealing 
with  the  coal-dust  danger  worthy  of  particular  mention;  in  fact* 
m  the  mines  this  problem  does  not  appear  to  be  given  the  atten- 
tion which  it  demands. 

Electric  Safety-lamps.— The  majority  of  the  electric  safety- 
lamps  in  use  are  of  the  "cap-lamp  "  type.     The  battery,  which 
weighs  from  2  to  2\  pounds,  is  supported  at  the  waist  bv  a  belt 
thus  leaving  the  arms  free;  the  cords  in  flexible  brass  tubing 
lead  upward  through  a  guide  in  the  back  of  the  cap  to  the  lamp 
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attached  to  the  leather  support  in  front.  The  complete  outfit 
does  not  interfere  with  the  free  motion  of  the  body,  and  the  work- 
man can  use  all  tools  and  perform  any  work  with  as  much  free- 
dom as  when  wearing  the  oil-cap  lamp.     This  type  of  electric 

lamp,   with  a  reflector,  gives 
the  wearer  the  free  use  of  both 
hands,  and  when  he  turns  his 
head  the  light  is  concentrated 
where  he  is  looking.    Another 
type   of  lamp   that  possesses 
merit,  but  which  has  not  yet 
been  thoroughly  tested,  is  the 
"K.  and  B."  lamp.    It  is  port- 
able and  compact  enough  to 
be  carried  on  the  head.    There 
are   no  wires;    the  case  is  of 
aluminium,  and  the  reflector 
increases  the  light  by  25  per 
cent,  over  the  ordinary  safety- 
lamp.   "When  in  use  the  lamp  is 
locked,  and  can  only  be  opened 
by   an   electro -magnet.     The 
electrolyte  assumes  the  solid 
condition  during  the  discharge 
and  the  liquid  condition  dur- 
ing the  charging.    The  Hirsch 
lamp  (Figs.  9,  10,  11,  and  12, 
Plate  IX.,  and  Fig.  33  in  the 
text)  has  perhaps  found  most 
favour,  and  is  in  use  at  a  large 
number  of  mines.    It  has  been 
approved  by  the  United  States 
Bureau  of  Mines  as  "  permis- 
sible "    for     use     in    gaseous 
mines.     In  case  the   glass  in 
the   reflector    is    broken,   the    circuit    is    cut    oft;    and    as   the 
reflector   has   three    shells,   the    outer    and    inner    being    posi- 
tive   and   the   intermediate   negative,  the  circuit  is  broken  by 
crushing    or    puncturing    the    reflector.      The    storage-battery 


Fig.  33.— Miner  wearing  a  Hiksch 
Electric  Cap-lamp. 
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weighs  2  pounds  in  its  case,  and  the  electrolyte  is  solidified.  The 
approximate  cost  of  upkeep,  labour,  supplies,  repair  parts,  and 
current  is  as  follows  : — For  100  lamps,  2id. ;  300  lamps,  2d. ;  and 
500  lamps,  lid.  per  day  per  lamp.  It  is  a  debatable  point 
whether  the  fireman  or  fire  boss  should  be  allowed  to  carry  an 
electric  cap-lamp  during  his  early  morning  rounds.  If  his 
safety-lamp  should  go  out.  the  electric  lamp  enables  him  to  find 
his  waj'  out  quicker  and  with  more  safety  to  the  relighting 
station. 


Fig.  34. — Chemical  Fire-engine  for  Use  in  Mines. 

Safety  First. — It  would  not  be  in  keeping  with  the  spirit  of 
the  times  to  close  this  paper  without  referring  to  the  great 
"  safety  wave  "  which  is  sweeping  across  the  country,  and  to  the 
excellent  work  which  is  being  done  by  the  United  States  Bureau 
of  Hines. 

The  words  "  Safety  First "  are  printed  in  the  tram-cars  and 
trains,  on  telegraph  poles,  and  on  boards  about  the  mining  plants. 
Men  wear  buttons  bearing  the  legend,  and  stationery,  pay-bills, 
and  papers  in  the  offices  of  some  of  the  companies  have  "  Safety 
the  First  Consideration  "  printed  in  red  at  the  top. 
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Fire-fighting  is  one  of  the  phases  of  mine  dangers  that 
deservedly  receives  great  attention  and  preparation,  and  Fig.  34 
in  the  text  shows  a  chemical  fire-engine  used  for  fighting  mine 
fires. 

The  writer  desires  to  express  his  thanks  to  the  following 
gentlemen  and  companies  for  courtesies  received  during  his  visit 
to  the  Pennsylvanian  coal-fields: — Messrs.  J.  E.  and  D.  J. 
Roderick,  Inspectors  of  Mines;  George  S.  Rice,  Rufus  J.  Foster, 
E.  B.  Wilson;  the  Coal  Mining  Department  of  the  Delaware, 
Lackawanna,  and  Western  Railroad  Company ;  The  Pittshurgh- 
Buffalo  Company,  and  the  Yesta  Coal  Company. 


The  President  (Mr.  T.  Y.  Greener)  proposed  a  vote  of  thanks 
to  the  author. 

Mr.   John  H.   Meeivale  seconded  the  proposal,   which  was 
heartily  adopted. 
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Figs.    1    to  8-Vertical   Sections  of   Seams   in  the    Lehigh    Basins,   Anthracite    District  of   Pennsylvania. 
Fig .  1. -Section  through    Eastern    End  of   Hazleton    Basin.  Fig    5. -Section  through   Hazleton  Slopes   Nos.  3   and  4  of  Hazleton 
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THE  NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND 
MECHANICAL  ENGINEERS. 


GENERAL  MEETING, 

Held  in  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 

February  13th,  1915. 


Mr.  T.  Y.   GREENER,  President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  last  General  Meeting, 
and  reported  the  proceedings  of  the  Council  at  their  meetings  on 
January  30th  and  that  day. 


The  following  gentlemen  were  elected,  having  been  previously 
nominated :  — 

Member — 
Mr.  Percy  Colin  Whitehead,  Mining  Engineer,  c'o  Mrs.    Wollen,   Glen- 
gariffe,  Torquay. 

Associate  — 
Mr.   Thomas  Brown,   H.M.    Sub-Inspector   of    Mines,    186,   Dilston   Road, 
Newcastle-upon-Tyne. 


DISCUSSION  OF  MR.  GEORGE  J.  RALPH'S  PAPER  ON 
"A  PORTABLE  ELECTRICAL  GAS-DETECTING  DE- 
VICE FOR  USE  WITH  MINERS'  LAMPS."* 

Mr.  George  J.  Ralph  (Rugby)  wrote,  in  reply  to  the  previous 
discussion,  that  Mr.  Ashworth's  remarks  were  in  some  respects 
misleading.  For  instance,  he  had  stated  that  the  pointer  of  the 
galvanometer  was  not  covered  by  glass  to  protect  it,  whereas  it 
was  clearly  mentioned  in  the  paper,  and  shown  in  the  illustra- 
tion (Fig.  4).  that  the  pointer  was  so  protected. t  Possibly,  how- 
ever, Mr.  Ashworth  had  confused  the  mechanical  pointer  or 
index-finger  on  the  outside  dial  with  the  needle  or  pointer  of  the 

*  Trans.  Inst.  M.  E.,  1914,  vol.  xlviii.,  pages  79  and  306. 
t  Ibid.,  page  83. 
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galvanometer.  The  writer  was  fully  aware  of  the  importance 
of  compensation  for  variations  in  battery  voltage,  and  this  point 
also  was  stated  in  the  paper;  but  there  was  no  mention  of  provi- 
sion for  the  "  maintenance  of  a  constant  voltage,"  for  the  simple 
reason  that  there  could  be  no  such  thing  either  from  a  primary 
or  from  a  secondary  battery.  Nor  was  the  writer  aware  of  any 
existing  battery  where  a  variation  of  voltage  in  the  ratio  of  2  to  1 
might  be  expected  during  its  useful  discharge.  Xo  lead  storage- 
cell  could  be  discharged  below  18  volts  without  detriment  to 
the  cell,  and  obviously  a  battery  of  sufficient  capacity  must  be 
employed  to  give  the  requisite  number  of  readings  for  one  shift 
with  one  charge.  The  variation  of  battery  voltage,  then,  was 
from  4  to  36  volts.  The  capacity  of  the  battery  was  sufficient 
for  over  a  hundred  readings.  It  was  not  necessary  to  compel  the 
surrounding  air  to  enter  the  gauze-enclosed  chamber,  since  it 
was  found  that  the  air  readily  entered  and  diffused.  The  exposed 
heated  wire  was  in  a  vertical  position,  and  this  to  some  extent 
ensured  that  the  current  of  air  which  it  was  desired  to  test  passed 
up  the  tube  freely.  The  writer  agreed  that  the  cover  of  the  gauze- 
protected  chamber  would  have  to  be  locked,  and  it  was  naturally 
intended  to  make  suitable  provision  for  so  doing. 

With  regard  to  the  portability  of  the  apparatus,  the  design 
shown  was  originally  introduced  with  the  view  to  a  hand-lamp 
being  attached,  as  shown  in  Fig.  2  (page  33);  but  it  seemed 
probable  that  for  many  reasons  it  would  be  better  to  make  an 
entirely  self-contained  instrument  with  its  own  battery.  That 
being  so,  a  new  design  had  already  been  prepared,  which  would 
be  of  a  more  suitable  shape  than  that  shown  in  Fig.  4  (page  35), 
for  carrying  in  the  pocket  or  in  a  sling-case.  This  new  design 
would  also  remove  the  disadvantage  in  the  old  instrument  referred 
to  by  Mr.  Ashworth  of  not  being  able  to  take  a  reading  close  to 
the  roof.  The  dimensions  were  6  by  3f  by  If  inches.  The  writer 
was  of  opinion  that  Mr.  Ashworth  was  quite  correct  in  stating 
that  a  fireman  using  his  (Mr.  Ashworth's)  apparatus  would  have 
to  "  guess  "  the  percentage  of  gas  present.  Only  those  who  had 
made  attempts  to  design  a  gas-detecting  instrument  could 
realize  the  difficult}-  of  making  a  device  which,  while  not  too 
cumbersome,  would  measure  the  percentage  of  gas  present  with 
a  ny  degree  of  accuracy.  The  writer  would  further  state  that  most 
experiments  with  gas-detectors  of  an  electrical  nature  had  been 
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made  in  the  past  with  coal-pas,  but  the  problem  was  much  more 
difficult  to  solve  when  using  pit-gas  or  methane. 

Prof.  Galloway  had  stated  that  it  was  difficult  to  understand 
how  the  action  took  place  when  the  exposed  wire  was  at  a 
temperature  below  the  ignition-point  of  methane.  The  writer 
fully  agreed  with  that  statement,  and  had  made  no  attempt  to 
explain  it,  for  the  reason  that  he  had  no  explanation  to  offer 
which  seemed  adequate.  He  had  not  previously  heard  of  Mr. 
Leon's  apparatus.  Mr.  Leon  had  evidently  met  with  the  same 
difficulties  as  the  writer  in  trying  to  devise  a  portable  apparatus 
which  was  neither  too  cumbersome  nor  too  heavy.  The  writer 
ventured  to  think,  however,  that  these  difficulties  had  been  to  a 
considerable  extent  overcome  in  the  apparatus  shown  to  the 
members  on  October  10th,  1914,  as  indicated  by  the  dimensions 
previously  mentioned. 

He  would  like  to  thank  Messrs.  Clark  and  Burrell  for  their 
kind  and  complimentary  remarks.  They  had  also  referred  to  the 
difficulties  of  compensation  for  variations  in  battery  voltage, 
atmospheric  temperature,  and  air-currents,  which  were  very  real ; 
but  the  writer  believed  that  he  had  overcome  them  to  a  sufficient 
degree  to  render  the  instrument  a  practical  device.  He  was  not 
quite  clear  what  they  meant  by  their  remark  that  the  "means 
adopted,  while  being  excellent  in  theory,  could  hardly  be 
expected  to  be  very  sensitive."  He  could  assure  them  that  his 
own  and  independent  tests  had  proved  conclusively  that  its 
sensitiveness  was  sufficient  to  detect  less  than  0'5  per  cent,  of 
methane,  which  in  this  country  was  low  enough  for  most  mining 
requirements.  He  considered  that  the  permanency  of  resistance  of 
the  platinum  wires  was  accounted  for  largely  by  the  fact  that 
they  were  worked  at  a  comparatively  low  temperature.  It  was 
hoped  that  it  would  be  possible  to  make  more  extended  trials 
undermining  conditions,  and  that  the  results  would  be  published 
before  long. 

Prof.  Henry  Louis  (Newcastle-upon-Tyne)  asked  that  the 
further  discussion  of  t lie  paper  might  be  adjourned,  as  Mr.  Ralph 
had  sent  him  certain  apparatus  with  which  he  hoped  to  make 
some  experiments,  the  results  of  which  he  would  report  to  the 
members  at  a  later  date. 
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DISCUSSION  OF  MR.  B.  C.  GULLACHSEX'S  PAPER  OX 
"  HYDRAULIC  STOWIXG  IX  THE  GOLD-MIXES  OF 
THE  WITWATERSRAXD.  "* 

Mr.  Paul  Selby  (Johannesburg)  wrote  that  the  paper  gave  a 
fair  idea  of  the  sand-filling  practice  on  the  Witwatersrand. 

Mr.  Gullachsen  had  given  to  the  Tillage  Main  Reef  the  credit 
of  being  the  first  mine  to  commence  sand-filling.  In  a  way  this 
statement  could  be  taken  as  correct,  as  approximately  24  years 
ago  the  Wemmer  Gold-mining  Company  (now  absorbed  in  the 
Tillage  Main  Reef)  actually  discharged  their  mill-tailings  (sands 
and  slimes)  into  the  worked-out  stopes.  This,  he  believed,  was 
done  more  for  convenience  than  for  the  purpose  of  support,  and 
in  recent  years  the  greater  portion  of  this  filling  had  been 
re-mined  and  treated  at  a  good  profit.  With  the  above  exception, 
credit  must  be  given  to  the  Robinson  Gold-mining  Company  for 
being  the  first  to  adopt  the  sand-filling  method  of  support, 
this  company  having  started  filling  with  a  20-ton-per-hour  plant 
in  September,  1909.  The  first  pack  was  nearing  completion  when 
he  (Mr.  Selby)  took  over  the  management  of  the  mine  on  January 
1st,  1910.  and  a  total  of  15,000  tons  had  been  lowered  by  July, 
1910,  when  the  Tillage  Main  Reef  commenced  operations. 

The  Robinson  mine  to-day  had  two  launder  lines  from  the  old 
sand-dump,  which  was  resting  on  the  outcrop.  One  of  these  lines 
was  broken  here  and  there  by  a  few  hundred  feet  of  wood-lined 
pipe-line  for  conveying  the  sand  over  flat  places.  Experience  had 
proved  that  pipes  for  conveying  Rand  sands  should  be  avoided 
wherever  possible.  The  other  line  consisted  of  a  wooden  launder 
lined  with  concrete  blocks  from  the  surface  to  Xo.  17  level,  and 
from  this  level  to  the  Robinson  Deep  boundary  the  concrete  lining 
had  been  omitted.  The  total  length  from  the  outcrop  to  the 
Robinson  Deep  boundary  was  3,000  feet.  The  concrete  liners 
were  made  in  two  sections,  as  shown  in  Figs.  1  and  2  in  the  text. 
The  sections  were  1  foot  long,  and  not  3  feet  as  stated  by  Mr. 
Gullachsen.  Concrete  covers  were  used  in  the  flatter  portions, 
and  also  at  points  of  change  of  dip  or  direction  of  the  launder-line, 
otherwise  wooden  covers  were  employed.  Recent  practice  had 
proved  that  whenever  a  very  decided  change  in  direction  had  to  be 
made,  the  best  way  was  to  discharge  the  pulp  into  a  square 
wooden  box  with  an  overflow  into  a  launder  in  the  new  direction. 

*  Trans.  Inst.  M.  E.,  1914,  vol.  xlviii.,  pages  12'2  and  314. 
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Approximately ,  the  first  30  feet  of  the  new  line  was  tapered,  the 
large  end  being  at  the  overflow  of  the  box,  and  the  small  end 
fitted  into  the  ordinary  launder  This  was  done  in  order  to 
allow  the  necessary  quantity  to  escape  from  the  box,  owing  to  its 
comparatively  slow  initial  velocity.  By  this  means  the  wear  on 
the  bends  was  completely  eliminated.  The  last  time  that  the 
writer  saw  the  concrete  liners  in  this  launder-line  was  in 
February.  1914  ;  at  that  time  over  500,000  tons  of  sand  had  passed 
through  the  launder,  and  the  lining  could  be  described  as  but 
slig-htlv  worn. 


Fig    1.- Section-  of  Concrete  Fig.  2.— Section  of  Concrete  Liner 

Liner    used    at    the  used  at  the  Robinson  Gold-mine. 

Robinson  Gold-mine. 

The  hydraulic  monitors  mentioned  by  Mr.  Gullachsen  as 
being  used  at  the  Rooinson  Mine  had  1-inch  nozzles,  not  3  inches 
as  stated;  these,  however,  were  discarded  in  1913,  as  it  was 
found  that  labour  could  be  saved  by  simply  opening  a  pipe  at  the 
top  of  the  dump  and  allowing  the  water  to  pick  up  sand  as  it  made 
its  way  to  the  opening  into  the  mine.  The  desired  thickness  of 
pulp  was  regulated  by  laying  launders  on  the  surface  at  a  dip 
of  12A  degrees  (the  minimum  underground  launder  dip),  and 
allowing  the  pulp  to  pass  through  this  launder  before  it  could 
enter  the  mine.  In  this  way,  any  pulp  which  was  too  thick  to 
pass  through  the  flattest  underground  launder  would  never  reach 
the  opening  into  the  mine. 

Mr.  Gullachsen  had  dealt  with  the  types  of  barriers  in  most 
general  use,  and  in  addition  he  (Mr.  Selby)  might  mention  that 
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the  Robinson  Mine  had  used  with  .success  ordinary  sand  for  the 
side  walls  of  packs  in  stopes  up  to  20  feet  in  width,  with  a 
maximum  dip  of  as  much  as  35  degrees,  and  an  inclined  length  of 
packs  of  as  much  as  300  feet.  This  type  of  side  wall  was  used  by 
tli is  mine  when  filling  successive  levels  from  ISTo.  14  to  No.  8 
levels.  Xo.  1  (West)  Shaft,  and  was  being  used  at  the  present  day 
on  packs  where  rapid  filling  was  not  necessary.  With  this  type 
of  side  wall  much  money  was  saved,  especially  in  the  very  wide 
stopes.  The  first  barrier  used  at  the  Robinson  Mine  was  a  large 
stone-pack  faced  on  its  upper  side  with  fine  stone  covered  by  a 
cocoanut  filter-mat.  This  mat  drained  the  sand  at  first,  but 
finally  became  choked,  owing  to  the  presence  of  slime  in  the  sand. 
Two  other  types  of  barriers,  not  mentioned  by  Mr.  Grullaeh- 
sen,  had  been  used  with  success  at  the  Robinson  Mine,  as 
follows :  — 

(a)  Concrete  masonry  walls  on  the  base  of  the  packs  were  used 
in  1913,  because  the  area  to  be  filled  was  directly  above  the 
principal  stopes  of  the  mine.  Any  accident  to  a  barricade  here 
might  easily  have  resulted  in  loss  of  life,  and  would  surely  have 
affected  the  tonnage  and  output.  These  barricades  naturally 
cost  more,  but  filling  at  a  more  rapid  rate  could  be  done  above 
them,  which  tended  to  compensate  for  the  extra  cost. 

(b)  Stone  walls  pointed  with  cement-mortar  had  been  used 
successfully  for  both  side  and  bottom  barricades  at  the  Robinson 
and  Ferreira  Deep  Mines;  and  had  also  been  employed  success- 
fully at  the  Geldenhuis  Deep  when  filling  under  the  South  African 
Railway. 

He  quite  agreed  with  Mr.  Gullachseh  that  the  position  of  the 
Robinson  dump  with  respect  to  the  outcrop  lent  itself,  through 
convenience,  to  the  sand  being  washed  directly  into  the  mine. 
Still,  he  was  confident  that  many  of  the  mines  on  these  fields 
could  adopt  practically  the  same  method  by  raising  from  the  mine 
to  the  dump,  or  by  sinking  vertical  boreholes  from  the  edge  of 
the  dump,  or,  where  this  was  not  convenient,  by  using  a  com- 
bination of  borehole  and  winze  or  raise,  to  reach  the  desired 
point  underground. 

The  Rose  Deep  (Glen  section)  was  at  present  working  on  a 
2, 100-foot  raise-winze  connexion  from  the  intersection  of  the  reef 
with  the  northern  boundary  of  the  property  to  the  Rose  dump. 
The  in  illinium  dip  of  this  connexion  was  16  degrees,  and  the 
loot  wall  of  the  winze  would  be  used  for  the  transport  of  the  sand. 
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The  capacity  of  the  plant  could  be  made  anything  that  might  be 
desired,  the  present  calculations  being-  based  on  1,000  tons  per 
hour  of  running  time.  The  sand  commanded  by  this  winze  would 
be  500,000  tons,  plus  all  -and  produced  by  a  200-stamp  mill 
during  the  remainder  of  the  life  of  the  mine;  further,  by  an 
additional  rise  of  800  feet  an  additional  quantity  of  1.000,000  tons 
could  be  made  available,  if  necessary.  He  might  state  that  the 
first  area  which  it  was  proposed  to  fill  at  this  mine  would  require 
approximately  272,000  tons.  In  addition  to  the  Hose  Deep  plant 
mentioned  above,  the  same  company  had  under  consideration  a 
second  plant  of  similar  size. 

The  Crown  Mines  had  in  hand  the  sinking  of  two  shot-holes, 
with  the  view  of  lowering  enormous  tonnages,  and  the  City 
Deep  had  in  hand  a  plant  somewhat  similar  to  the  one  described 
by  Mr.  Gullachsen  as  being  used  at  the  Cinderella  Deep. 

Recent  tests  made  at  the  Robinson  Mine  showed  that  with  the 
sand  in  that  dump  a  lG-degree  launder  would  carry  pulp  contain- 
ing 251  per  cent,  of  moisture,  and  a  lOA-degree  launder  would 
carry  pulp  containing  29-3  per  cent,  of  moisture,  by  weight. 
Both  of  these  tests  showed  lower  percentages  of  moisture  than 
those  quoted  by  Mr.  Gullachsen  in  his  paper.  The  difference 
was  probably  due  largely  to  the  presence  of  a  certain  amount  of 
slime  in  the  old  tailings.  The  presence  of  this  slime  unquestion- 
ably rendered  the  drainage  of  the  packs  more  difficult,  but  at  the 
same  time  he  thought  that  the  taking  of  sand  direct  from  the 
dump  had  many  advantages,  these  being  as  follows:  — 

(a)  The  quantity  which  could  be  filled  per  day  was  almost 
unlimited. 

(b)  Large  quantities  could  be  washed  underground  when 
required. 

(c)  Underground  delays,  such  as  breakaways,  falls  of  hanging, 
etc.,  did  not  interfere  with  crushing  capacity. 

(d)  Filling  on  a  large  scale  for  a  short  time,  and  then  stopping- 
operations,  released  the  underground  sand-filling  staff  for  other 
work,  either  for  barricading  fresh  packs  or  for  general  mine  work. 

(e)  When  large  areas  required  immediate  filling,  a  tonnage 
far  in  excess  of  the  usual  50  to  60  per  cent,  of  the  tonnage  milled 
could  be  lowered. 

The  chief  advantages  of  current  sand  being  used  were,  in  his 
opinion,  as  follows:  — 

(a)  Less  slime  and  therefore  better  drainage  underground. 
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(b)  A  saving  of  a  part  of  the  cost  of  transport  of  sand  to  the 
tailings-dump. 

Some  mines,  notably  the  Ferreira  Deep.  Village  Deep,  and 
Geldenhuis  Deep,  had  transported  old  sand  from  the  dumps  to  a 
bin  specially  constructed  at  the  collar  of  the  shaft.  These  bins 
were  both  costly  and  of  limited  capacity,  and  if  they  had  never 
been  constructed  but  in  their  place  sand-dumps  had  been  built 
close  to  the  shaft,  not  only  the  original  cost  of  the  bins  would 
have  been  saved,  but  cheaper  transport  could  have  been  effected 
through  continuous  running,  and  larger  quantities  of  sand  sent 
underground  when  required. 

A  plant  that  would  be  sufficiently  elastic  to  send  either 
current  or  old  sand  underground  would  naturally  be  ideal. 

The  following  table  gave  the  tonnage,  total  running  cost,  and 
cost  per  ton  filled  by  the  eigbt  sand-filling  mines  under  the  Central 
Mining  and  Investment  Corporation's  control,  from  the  com- 
mencement to  the  present  time.  These  figures  did  not  include 
amounts  spent  on  capital  account  for  erection  of  plant :— 


Name  of  Mine. 

Tons  filled. 

Running 
Cost. 

Cost  per 
ton. 

Remarks. 

s.        d. 

Up  to 

City  and  Suburban 

121,957 

£15,517 

2    6-5 

October  31,  1914. 

Crown  Mines 

788,700 

£56,294 

1     5-1 

September  30,  1914. 

Ferreira  Deep    ... 

626,455 

£36,099 

1     1-8 

October  31,  1914. 

Geldenhuis  Deep 

423,076 

£26,971 

1     33 

do.             do. 

Robinson  Gold-mining 

Company 

574,730 

£28,321 

0  11-8 

April  30,  1914. 

Rose  Deep          

107,640 

£8,701 

1     7-4 

October  31,  1914. 

Village  Deep      

114,848 

£6,678 

1     20 

1910  only.    No  filling 
since  then. 

Village  Main  Reef 

407,604 

£24,966 

1     2-7 

October  31,  1914. 

Totals  and  averages     .. 

3,165,010 

£203,547 

1     3-435 

Crown  Mines     ... 

18,214 

— 

— 

Sept.  30— Oct.  31. 
Costs  not  kept  separate. 

Robinson  Gold-mining 

51,320 

— 

— 

April  30 -Oct.  31. 

Company 

Costs  not  kept  separate. 

Total  filled         

3,234,544 





Robinson  Gold-mining 

99,330* 

— 

— 

Delivered  to 

Company 

Robinson  Deep. 

Total  sent  under 

ground 

3, 

333,874  tons. 

*  These  99,330  tons  were  delivered  to  the  Robinson  Deep  for  the  purpose  of 
filling  the  area  between  the  surface  of  their  uppermost  pack  (which  was  up  to  the 
mouth  of  their  shot-hole)  and  the  common  boundary  (the  southern  boundary  of  the 
Robinson  Mine). 


DISCUSSION        HYDRAULIC    STOWING    IN    GOLD-MIXES.  181 

The  filling  was  done  at  a  time  when  the  Robinson  reservoir 
was  overflowing,  and  the  cost  of  water  was  merely  the  pumping 
charge  of  0'9d.  per  1,000  gallons.  No  lime  was  added  by  the 
Robinson  Mine.  The  amount  charged  to  the  Robinson  Deep  was 
Id.  per  ton  delivered,  quantities  of  as  much  as  6,000  tons  having 
been  delivered  on  some  days.  The  Id.  per  ton  was  sufficient  to 
cover  the  actual  running  cost  of  this  sand  to  the  Robinson  Deep, 
and  the  Robinson  was  sure  to  reap  much  benefit  from  this  pack 
during"  the  mining  of  the  last  remaining  blocks,  drive  and  stope 
pillars,  and  possibly  the  boundary  pillars. 

In  order  to  put  the  fact  on  record,  he  might  state  that  the 
Robinson  average  cost  for  lime  to  date  had  been  l"06d.  per  ton 
treated.  The  greatest  quantity  lowered  in  any  one  month  was 
in  February.  1914,  when  the  Robinson  and  Robinson  Deep  to- 
gether took  60.702  tons.  The  greatest  tonnage  filled  by  the 
Robinson  Mine  alone  was  in  December,  1913,  when  55,580  tons 
were  lowered.  The  greatest  quantity  lowered  in  any  single  day 
was  in  December,  1913,  when  10,350  tons  were  filled  in  24  hours, 

Mr.  James  Gibson  (Cleveland,  Transvaal)  wrote  that  members 
should  lay  before  the  Institute  any  information  that  they  had 
gathered  from  actual  experience  as  to  the  advisability  or  other- 
wise of  leaving  pillars  in  situ  and  their  effect  on  subsidence  in 
the  vicinity  of  sand-filled  areas.  In  other  words,  was  it  ad- 
visable to  allow  pillars  to  take  weight,  or  was  it  better  to  re- 
move them  as  the  areas  were  filled,  thus  allowing  the  nlled-up 
areas  to  assume  gradually  the  full  burden  of  support  ? 

Since  making  his  previous  remarks  upon  Mr.  Gullachsens 
paper,  trouble  had  occurred  at  the  Tillage  Main  Reef  Gold-mine 
by  subsidence  in  the  workings,  affecting  the  main  shaft,  an 
account  of  which  had  been  published  in  the  South  African  Mining 
Journal. 

The  Pkesident  (Mr.  T.  Y.  Greener)  thought  that  the  subject 
of  hydraulic  stowing  was  a  most  important  one,  and  it  seemed 
to  him  that  its  importance  would  be  greater  in  the  future  than 
it  had  been  in  the  past.  The  writer  of  the  paper  had  stated  that 
Britain  was  one  of  the  last  countries  to  adopt  hydraulic  stowing; 
that  was  so,  for  the  necessity  to  adopt  it  had  not  up  to  the  present 
arisen;  but  it  was  clear  that  it  would  arise  in  the  future, 
particularly  at  deep  collieries  on  the  east  coast  of  Durham,  and 
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also  to  a  large  extent  in  the  new  collieries  which  were  being 
sunk  in  the  Doncaster  district.  There  was  no  doubt  that  if 
hydraulic  stowing  had  the  effect  that  it  was  said  to  have  in  the 
Witwatersrand  and  other  districts,  and  in  thick  seams  liable  to 
spontaneous  combustion,  the  necessity  for  such  stowing  was 
unmistakable,  and  there  was  nothing  else,  so  far  as  he  could  see, 
that  would  entirely  obviate  the  danger  of  gob-fires.  They  were 
extremely  dangerous  in  pits  in  which  gas  was  present,  and  if 
hydraulic  stowing  were  the  means  of  preventing  the  occurrence 
of  such  fires,  it  would  add  immensely  to  the  safe  and  economical 
working  of  the  mine.  The  writer  had  stated  that  the  cost  of 
the  material  was  about  a  shilling  per  ton,  and  therefore  he 
took  it  that  a  cubic  yard  of  this  material  would  fill  a  cubic 
yard  of  space  in  the  mine.  Roughly,  that  was  a  ton  of  coal, 
and  therefore  if  the  cost  of  procuring  the  material  was  a  shil- 
ling per  ton,  it  would  be  a  shilling  per  ton  on  the  cost  of  the 
coal.  The  subject  was  one  to  which  he  was  sure  mining 
engineers  in  this  country  would  devote  more  attention  in  the 
future  than  in  the  past. 

Mr.  B.  C.  Gullachsen  (Tynemouth),  replying  to  the  dis- 
cussion, wrote  that  lie  was  pleased  to  hear  from  Mr.  J.  Drunirnond 
Paton  that  a  start  had  been  made  with  hydraulic  stowing  in  Great 
Britain,  and  he  felt  sure  that  at  many  collieries  the  system  could 
be  used  with  advantage.  The  chief  difficulty  in  the  way  of  its 
successful  adoption  would  be,  no  doubt,  the  scarcity  of  suitable 
and  inexpensive  filling-material.  The  presence  of  large  pit-heaps 
was  hardly  sufficient  to  warrant  the  expense  entailed  by  the  instal- 
lation of  a  hydraulic-stowing  plant.  If  such  stowing  was  carried 
on  to  any  large  extent,  the  pit-heaps  would  soon  become  exhausted. 
In  Germany  where  suitable  surface-deposits  were  not  conveniently 
situated  near  the  mine,  the  filling-material  was  often  conveyed  to 
the  colliery  in  trucks  from  a  distance  of  several  miles.  All  sorts 
of  filling  were  also  used — broken  bricks  from  old  buildings,  ash 
and  slag-heaps  ;  and  at  one  mine  he  had  seen  molten  slag  run 
direct  from  the  furnaces  into  water,  the  sudden  immersion  causing 
the  slag  to  disintegrate  and  form  a  very  good  filling-material, 
but  which  had  the  great  objection  that  it  gave  off  considerable 
heat  when  deposited  in  the  mine-workings.  No  doubt  there  were 
severa]  of  the  coalfields  in  Great  Britain  which  contained  alluvial 
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deposits  suitable  for  filling-material.  In  Durham  lie  had  seen 
gravel-pits  quite  near  to  collieries,  the  gravel  from  which  would 
make  excellent   filling-material. 

Mr.  Paton  asked  for  a  better  definition  of  what  was  actually 
meant  by  the  expression  "  50  per  cent,  of  sand  and  slime  respec- 
tively.'* The  ore  taken  from  the  Rand  Mine  was  finely  crushed, 
giving  in  modern  practice  about  equal  parts  by  weight  of  sand  and 
slime,  both  of  which  underwent  cyanide  treatment,  but  the  slime 
was  not  suitable  for  return  into  the  mine  as  filling.  The  50  per 
cent,  of  sand  would,  when  returned  into  the  mine,  occupy  approxi- 
mately the  same  space  as  the  original  reef  in  situ. 

He  was  interested  to  hear  Mr.  Paton's  remarks  as  to  the  use  of 
directional  sleeves  or  truncated-cone  sections  for  use  in  vertical 
shafts.  So  far  as  he  (Mr.  Grullachsen)  was  aware,  they  had  not 
yet  been  used  on  the  Rand,  but  he  could  quite  imagine  that  their 
use  would  mean  a  considerable  saving  in  the  upkeep  of  vertical 
pipe-lines. 

Mr.  Paton  asked  for  data  as  to  the  general  arrangements  of 
the  bore-holes  used  for  filling  at  their  entrance  and  exit. 
Fortunately  the  strata  passed  through  by  bore-holes  on  the  Rand 
were  nearly  always  of  a  hard  compact  nature.  All  that  was 
necessary,  in  order  to  prepare  the  bore-hole  for  the  transport  of 
filling-material,  was  to  have  it  pipe-lined  a  few  feet  from  the 
surface  and  at  the  last  few  feet  previous  to  its  entrance  into  the 
mine  workings.  The  metal-lined  pipes  should  be  non-malleable, 
and  capable  of  being  broken  into  small  pieces  and  removed  when 
worn  out.  Special  lock-flange  connexions  or  bell-and-spigot 
joints  were  used,  the  bell-and-spigot  joints  being  packed  with 
hemp  and  cement-mortar.  The  lining  pipe  was  usually  suspended 
by  clamps  over  the  receiving  basin,  which  might  be  constructed 
either  of  concrete  or  of  timber.  At  the  entrance  to  the  mine 
workings  it  was  usual  to  insert  a  pipe  with  a  screw  sleeve-joint 
a  few  feet  up  the  hole.  The  space  between  the  pipe  and  the  side 
of  the  hole  was  first  packed  with  hemp,  wedged  tight,  and  then 
filled  with  a  grouting  mixture  of  proper  consistency.  Further 
particulars  of  bore-hole  construction  very  similar  to  the  Rand 
practice  could  be  obtained  from  Bulletin  Xo.  60  of  the  United 
States  Bureau  of  Mines.* 

*  "Hydraulic  Mine  Filling  :  Its  Use  in  the  Pennsylvania  Anthracite  Fields," 
a  Preliminary  Report  by  Charles  Enzian,  Bulletin  No.  60,  Department  of  the 
Interior,  Bureau  of  Mines. 
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IIt>  was  very  pleased  to  hear  from  Mr.  Rice  thai  hydraulic 
filling  in  the  anthracite-mines  of  Pennsylvania  had  been  so 
successfully  employed,  and  had  now  come  into  extensive  use. 
There  was  little  doubt  in  his  mind  that  hydraulic  stowing  could 
be  carried  out  with  equally  great  advantage  in  the  British  Isles 
as  in  Pennsylvania,  and  he  would  like  to  take  this  opportunity  of 
supporting  Mr.  Paton's  appeal  for  a  committee  of  investigation. 
Colliery-owners  who  had  had  to  pay  thousands  of  pounds  as  com- 
pensation for  surface-damage  would,  he  felt  sure,  be  well  repaid 
by  assisting  such  an  investigation.  The  cry  "but  consider  the 
extra  cost  "  was  too  often  heard;  yet  the  same  cry  had  been  heard 
in  connexion  with  nearly  every  innovation  in  mining.  The  extra 
cosl  was  no  criterion  of  the  extra  advantages. 

He  must  thank  Mr.  Gibson  for  drawing  attention  to  the  fact 
that  it  was  essential  that  every  hydraulic-stowing  installation 
should  be  provided  with  a  good  telephone  system.  In  the  event 
of  a  burst  pipe,  broken  barrier,  or  a  choked  pipe-line,  it  was 
very  necessary  to  be  able  to  communicate  with  the  surface 
immediately  and  to  have  the  supply  of  filling-material  stopped. 

He  failed  to  understand  Mr.  Gibson's  remark  that  "in  con- 
nexion with  the  pipes  or  launders  employed  underground,  it  was 
well  to  note  that  great  help  was  derived  from  the  use  of  a  good 
design  of  gate  or  slat  for  the  regulation,  and  at  times  the  complete 
stoppage,  of  the  flow  of  pulp.''  In  his  (Mr.  Gullachsen's)  experi- 
ence such  stoppage  of  the  flow  of  pulp  underground  would  only 
result  in  the  choking  of  great  lengths  of  pipe-line.  In  most  mines 
it  was  customary,  when  wishing  to  stop  the  flow  of  filling-material, 
to  telephone  to  the  surface,  and  the  supply  was  cut  off.  Water 
was  then  flushed  through  the  pipe-line  for  a  few  minutes,  in  order 
to  clear  it  of  all  filling-material.  Xeglect  of  this  precaution  often 
resulted  in  a  choked  pipe-line  when  starting  up  again. 

Mr.  Gibson  in  his  remarks  on  the  Cinderella  Deep  plant  must 
have  failed  to  read  the  paper  carefully,  as  he  had  stated  that  the 
author  had  omitted  to  comment  on  the  excess  of  moisture  in  the 
sand  as  being  the  cause  of  the  failure  of  the  successful  working 
of  the  plant.  As  a  matter  of  fact,  he  (Mr.  Gullachsen)  pointed 
out  that  if  the  moisture  exceeded  7  per  cent.,  the  launder  became 
choked.  Mr.  Gibson  seems  sceptical  as  to  the  moisture  in  the 
sand  being  the  cause  of  the  failure  of  the  plant,  but  such  was  the 
case. 
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Mr.  Gibson  bad  asserted  thai  be  (Mr.  Gullachsen)  was  not 
correct  in  stating  that  sand-filling  on  the  Rand  was  first  com- 
menced in  the  outcrop  mines,  whereas  Mr.  Selby  had  proved  that 
the  statement  was  correct ,  and  mentioned,  thai  the  Robinson  Gold- 
mine was  the  first  mine  to  adopt  sand-til  I  ing,  followed  shortly 
afterwards  by  the  Village  Main  Reef,  both  of  which  were  outcrop 
mines. 

He  could  not  understand  where  Mr.  Gibson  obtained  liis 
information  when  he  stated  that  "on  the  Rand  only  <i  per  cent. 
of  the  area  mined  could'be  left  in  the  way  of  pillars,  etc.,  whereas 
in  a  coal-mine  the  area  might  easily  amount  to  :'>0  per  cent.''  He 
was  sine  thai  Mr.  Gibson  would  find  on  enquiring  at  the  deep- 
level  mines  near  Johannesburg  that  it  was  not  so  much  a  question 
of  what  could  he  left,  hut  what  must  be  left  in  the  way  of  pillars, 
etc.,  and  that  it  certainly  exceeded  6  per  cent.  Mr.  Gibson 
certainly  did  not  flatter  colliery  managers  in  suggesting  that 
they  might  easily  leave  pillars,  etc.,  amounting  to  30  per  cent. 
of  the  area  mined. 

The   figures   adduced   by   Mr.    Gibson   as   to   the   decrease    in 

original  volume  of  sand-filling,  due  to  increase  in  pressure,  were 

most  misleading.      No  doubt  the  Government  Mining  Engineer's 

figures,   as  given   in   his  Annual   Report  for  1911,   were  correct 

results  of  laboratory  experiments,  but  it  did  not  therefore  follow, 

as    suggested    by    Mr.    Gibson,    that   because    12    cubic    feet   of 

quartzite  weighed  a  ton,  the  roof-pressure  at  a  depth  of  4,200  feet 

would  be  350  tons  per  square  foot.       Roof-pressure  in  a  Rand 

mine,  where  the  roof  was  composed  of  a  hard  quartzite,  might 

be  only  a  quarter  of  that  experienced  at  a  colliery  with  a  soft 

sandstone  roof  at  an  equal  depth.     In  connexion  with  this  point 

he  would  like  to  quote  a  remark  made  by  Mr.  W.  E.  Lishman  in 

discussing  Mr.  H.  T.  Foster's  paper  on  "  Roof-weights  in  Mines," 

in  which  he  stated  that — 

"  There  could  be  little  doubt  that  the  pressure,  and  therefore  the  roof- weight, 
on  the  whole  increased  with  the  depth  ;  but  that  it  increased  at  all  materially 
within  the  possible  (and  comparatively  small)  depth-limit  of  mining  operations  was 
in  most  cases  highly  improbable.  What  was  a  much  more  important  factor  than 
mere  depth  was  the  nature  of  the  overlying  and  underlying  strata,  and  especialh- 
of  those  immediately  above  the  seam.  If  these  were  good,  they  were  to  a  large 
extent  self-supporting  ;  and  it  would  be  the  exception,  rather  than  the  rule,  that 
the  sheer  weight  of  any  considerable  thickness  of  strata  should  be  brought  to  bear 
upon  any  excavation  below."* 

*  Trans.  Inst.  M.  E.,  1907,  vol.  xxxiv.,  page  414. 
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Hi-  (Mr.  Grullachsen's)  thanks  were  due  to  Mr.  Selby  for  Lis 
interesting  contribution  to  the  discussion,  and  for  drawing 
attention  to  two  clerical  errors.  The  concrete  launders  as  used 
at  the  Robinson  Mine  were  made  in  sections  1  foot  long,  not  3 
feet;  and  the  hydraulic  monitors  had  1-inch  nozzles,  not  3-inch, 
as  stated  in  the  paper. 

The  greai  value  of  hydraulic  stowing  as  practised  on  the  Rand 
might  be  gauged  from  the  fact  mentioned  by  Mr.  Selby  that  at 
the  Rose  Deep  Mine  a  raise-winze  connexion  2,100  feet  in  length 
was  being  driven  for  this  purpose  alone,  the  cost  of  which  he 
(Mr.  Grullachsen)  estimated  would  certainly  not  be  less  than 
£2,500. 

Mr.  Selby's  figures  as  to  tests  made  at  the  Robinson  Mine  in 
order  to  prove  the  connexion  between  moisture  content  and  grade- 
flow  seemed  exceedingly  low.  Doubtless  the  presence  of  slime 
had  much  to  do  with  it,  but  he  thought  that  it  would  be  found 
in  practice  that  if  pulp  carrying  25T  per  cent,  of  moisture  was 
run  for  any  length  of  time  down  a  launder  set  at  an  inclination 
of  16  degrees,  the  heavier  particles  in  the  pulp  would  accumulate 
gradually  on  the  bottom  of  the  launder  and  result  in  its  becoming 
choked. 

The  many  advantages  mentioned  by  Mr.  Selby  as  resulting 
from  the  use  of  the  mine  dumps  for  filling-material  were  un- 
doubted. The  one  great  disadvantage  was  the  presence  of  slime 
witli  the  sand,  which  caused  bad  drainage  through  the  barriers 
underground,  and  was  difficult  to  clear  satisfactorily  from  the 
overflow  water  before  pumping.  He  would  suggest  that  where 
old  dumps  were  being  used  for  sand-filling,  it  might  be  found  of 
advantage  to  employ  cone  classifiers,  in  order  to  do  away  with  a 
large  portion  of  the  slime  before  the  pulp  was  sent  into  the  mine. 

With  regard  to  Mr.  Selby's  table  of  costs,  he  was  surprised  to 
find  them  so  high,  being  an  average  cost  for  the  eight  mines 
mentioned  of  just  about  Is.  3£d.  per  ton.  What  was  included  in 
this  cost  was  not  stated,  but  he  should  imagine  that  it  included 
not  only  the  actual  running  cost  but  also  cost  of  upkeep  of  plant, 
repairs,  stoics,  amortization,  etc. 

It  would  be  noted  that  the  Robinson  Mine  delivered  through 
its  jihint  to  the  Robinson  Deep  Mine  about  100,000  tons  of  sand 
at  a  charge  of  Id.  per  ton,  and  that  Mr.  Selby  remarked  that  the 
Id.  per  ton  was  sufficient  to  cover  the  actual  running  cost  of  this 
sand  to  the  Robinson  Deep. 
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Iii  reading  through  the  discussion  upon  Mr.  Paton's  paper  on 
"Modern  Developments  in  Hydraulic  Stowing,  and  Suggestions 

tin'  it >  Application  in  British  Collieries,"*  lie  noticed  that  Mr. 
Ollerenshaw  staled  that  he  did  hand-packing  at  considerably  less 
than  lid.  a  ton.  and  that  in  one  district  the  cost  worked  out  at  only 
4d.  per  ton  on  tin  coal  got.  On  reading  this  it  had  occurred  to 
him  that  perhaps  there  was  a  misunderstanding  in  some  persons' 
minds  as  to  what  was  implied  by  the  cosl  of  hydraulic  stowing. 
It  was  not  the  cost  per  ton  of  coal  or  ore  got,  but  the  cost  of 
filling-material  lowered  into  the  mine.  In  a  mine  where  hydrau- 
lic stowing  was  employed  it  would  never  be  found  necessary  to 
stow  the  entire  area  from  which  the  coal  had  been  extracted,  but 
just  those  portions  where  support  was  most  required,  the  same 
more  or  less  as  was  done  in  the  case  of  hand-packing. 

As  an  example  of  the  difference  in  these  two>  costs,  he  might 
mention  the  Robinson  Gold-mine,  where  51,320  tons  of  filling- 
material  were  lowered  down  during  the  six  months  April  30th  to 
October  3Lst.  1914,  (namely,  an  average  of  8,553  tons  per  month), 
at  an  average  cost  per  ton  of  118d.  Thus  the  cost  per  ton  on  the 
mines  output  (which  Mas  approximately  45,000  tons  per  month) 

.,  .     8,553  x  ll-8d.     OOAA  .,   ,.      _.  , 

would    be      "~aKWv\ =  ~24d.    per  ton.     At  the   Simmer  and 

Jack  Mine,  the  average  tilling  per  month  was  19,170  tons,  and 

the  average  cost  9'92d.     On  a  production  of  about  60,000  tons 

/19,170  x  9-92d.\    „.  ,        „_, 

\ en  r)i)i\ )>  this  was  equal  to  olid,  per  ton. 


DISCUSSION  OF  ME,  JAMES  ASHWOBTH'S  PAPER  ON" 
"THE  KILLINGWORTH  COLLIERY  (NEW  SOUTH 
WALES)  EXPLOSION. "t 

Sir  Henry  Hall,  I.S.O.  (Chester)  wrote  that  in  the  absence 
of  fuller  details  of  this  explosion  it  was  difficult  to  accept  the 
absolute  correctness  of  any  view  or  theory  in  regard  to  it.  The 
main  facts,  however,  were  known,  and  some  of  these  were  xerx 
significant. 

It  was  stated  that  the  seam  in  which  the  explosion  occurred 
was  liable  to  falls,  reaching  to  an  upper  seam  (the  Young  Wralls- 
end),    "said    to    be    full    of   brass    and    very    gassy";    that    the 

*  Trans.  Inst.  M.  E.,   1914,  vol.  xlvii.,  page  463. 
t  Ibid.,  1914,  vol.  xlviii.,  page  348. 
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ventilating  fan  bad  been  standing'  since  tbe  previous  afternoon, 
and  bad  only  been  restarted  an  hour  before  tbe  explosion  took 
place;  that  tbe  force  developed  by  tbe  explosion  was  unprece- 
dented, and  showed  itself  mainly  at  tbe  top  and  in  tbe  roadways 
leading  to  the  downcast  shaft;  that  the  only  person  on  tbe 
premises  at  tbe  moment  was  a  workman  named  Watkins,  whose 
duty  it  was  to  attend  to  the  boilers  and  see  to  and  start  tbe  fan 
at  a  particular  hour:  and  that  not  a  soul  was  below  ground  when 
the  explosion  occurred.  Watkins  stated  at  tbe  enquiry  that  he 
started  tbe  fan  a  little  after  -f  a.m..  and  that  at  5'15  a.m.  be 
beard  a  sharp  report,  as  if  one  of  tbe  boilers  bad  burst,  and 
looking-  towards  the  downcast  shaft  be  saw  a  cloud  of  dust 
issuing  from  it.     He  then  appears  to  have  run  away. 

Having  carefully  considered  these  main  facts,  he  (Sir  Henry- 
Hall)  was  of  opinion  that,  owing  to  tbe  stoppage  of  the  fan  for 
12  hours  at  a  stretch,  the  reduced  ventilating  current  became 
explosive,  and  on  passing  up  tbe  upcast  shaft  in  that  condition 
it  must  have  come  into  contact  with  some  open  light  at  or  near 
the  top  of  the  pit.  This  opinion  seemed  to  coincide  with  that 
expressed  by  the  author  of  the  paper. 

If  his  (Sir  Henry's)  surmise  that  the  body  of  air  coming  up 
the  shaft  was  explosive  was  correct,  there  musi  also  have  been  a 
considerable  area  of  the  underground  workings  in  that  condition, 
and  hence  the  immense  force  developed  by  the  explosion  and 
consequent  devastation. 

He  also  believed  that  in  a  case  of  this  kind  the  explosive 
atmosphere  in  the  shaft  would  act  as  a  train  to  that  in  the 
workings:  it  would  cause  an  inward  direction  to  the  force,  and 
would  be  followed  quickly  by  a  rapidly  increasing  outward  force 
augmented  in  each  case  by  coal-dust,  the  latter  agent  playing  the 
chief  part  in  the  outward  blast. 

Precisely  how  the  explosive  atmosphere  became  ignited  must. 
li»-  was  afraid,  remain  a  mystery.  There  were  probably  open 
lights  near  the  pit-top  or  being  carried  hither  and  thither  by 
Watkins,  and  since  the  water-gauge  when  the  fan  was  running 
was  less  than  an  inch,  there  might  have  been  leakage  out  over 
through  the  coverings  of  the  pit  or  the  fan-drift. 

Mr.  Ashworth  had  drawn  attention  to  the  possibility  of  the 
presence  of  hot  bearings  in  the  fan-drift,  but  the  fan  had  only  been 
running  for  an  hour.     He  (Sir  Henry)  was  afraid  that  he  could 
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not  express  ;i  useful  opinion  on  that  point.  It  was  true  that  in 
recent  investigations  of  colliery  explosions  a  good  deal  had  been 
heard  about  sparks  caused  by  rocks  and  other  materials  coming 
violently  into  collision  with  each  other,  but,  so  far  as  he  knew, 
there  was  no  instance  recorded  of  natural  firedamp  and  air  being 
ignited  by  such  an  agent.  Many  years  ago  Prof.  William 
Galloway  had  conducted  some  experiments  on  this  particular 
point .  but,  so  far  as  they  went,  they  proved  the  contrary  to'  be  the 
case.  In  the  absence  of  more  definite  proof,  the  suggested  danger 
from  sparks  need  not  be  seriously  taken  into  account.  It  was, 
of  course,  well  known  that  sparks  would  ignite  illuminating-gas, 
but  the  ignition  of  natural  firedamp  and  air  was  a  much  more 
difficult  matter.  If  this  were  not  so,  mine  explosions  would  be 
of  daily  occurrence,  as  workmen's  picks  and  especially  coal- 
cutting'  machines  emitted  showers  of  sparks  when  they  struck 
hard  rock  or  brasses. 

Mr.  E.  0.  Simcock  (Hanley)  wrote  that  he  had  read  Mr. 
Ashworth's  paper  with  great  interest,  but  he  could  not  agree 
with  some  of  the  author's  conclusions.  It  was  presumed  that 
the  explosion  was  propagated  or  greatly  augmented  by  coal-dust, 
and  it  was  remarked  that  the  main  force  was  in  the  direction  of 
the  downcast  shaft,  which  was  a  reasonable  conclusion,  for  this 
shaft  was  also  the  drawing  shaft;  and,  as  all  coals  would  be  led 
to  that  point,  this  shaft  would  be  the  focus  of  radiating  lines  of 
coal-dust,  and  that  inflammable  reaction  had.  or  might  have, 
occurred  along  any  or  all  of  these  lines. 

As  the  mine  was  closed  down  for  six  months  after  the  explo- 
sion, the  falls  as  evidence  of  force,  etc.,  having  regard  to  the 
apparent  friable  nature  of  the  roof,  must  be  considered  as  negli- 
gible. In  any  case,  after  this  lapse  of  time,  very  little  reliance, 
as  indicators,  could  be  placed  upon  them. 

It  would  be  noted,  according  to  the  arrows  on  the  official  plan 
of  the  workings  (Plate  VIII.,  Vol.  XLYIII.),  that  there  were 
indications  of  force  inwards  along  some  of  the  roads,  as  well  as 
outwards  along  parallel  roads  in  the  same  districts,  indicating 
that  propagation  had  travelled  both  inwards  and  outwards  in 
these  districts.  There  were  also  instances  of  arrows  indicating 
force  in  both  directions  on  one  road,  giving  evidence  of  back-lash, 
of  which  it  was  remarked  that  there  was  no  evidence. 
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Because  Watkins  beard  indications  of  an  explosion  at  the 
upcast  shaft,  and  saw  them  at  the  downcast  apparently  simul- 
taneously, this  did  not  prove  that  the  explosion  occurred  absol- 
utely simultaneously  in  each  district.  If  the  hypothesis  put 
forward  by  the  author  was  correct,  namely,  that  the  explosion 
was  initiated  at  the  fan  at  the  top  of  the  upcast  shaft,  then  it 
would  be  reasonable  to  infer  that  the  explosion  was  propagated 
simultaneously  through  the  various  sections,  for  each  was  a 
separate  ventilating  district;  but  manifestations  would  not  occur 
at  the  top  of  the  downcast  shaft  simultaneously  with  initiation 
at  the  fan.  Yet  it  was  implied  that  it  should  be  believed  that 
the  force  of  the  explosion  was  manifest  at  the  top  of  the  downcast 
shaft  coineidently  with  the  presumed  ignition  at  the  top  of  the 
upcast. 

As  the  writer  had  not  access  to  the  full  recorded  evidence  of 
the  explosion  under  discussion,  any  suggestion  made  by  him  as 
to  the  initiating  cause  could  only  be  of  a  tentative  character. 
It  was  stated  in  the  paper  that  the  mine  had  an  output  of  1,200 
tons  per  day;  a  fan  which  produced  148,750  cubic  feet  of  air  per 
minute;  an  electric  installation;  and  not  less  than  six  boilers. 
These  facts  presupposed  a  large  colliery,  with  extensive  mechan- 
ical plant,  yet  the  fan  had  been  standing  since  the  previous  day, 
and  at  5  a.m.  there  was  only  one  man  on  or  about  the  works. 
It  was  presumable,  therefore,  that  the  pit  was  standing,  while 
only  necessary  maintenance  work  from  time  to  time  was  being 
executed. 

Firedamp  seemed  to  have  been  fairly  prevalent,  and  as  the 
fan  had  been  standing  for  some  time  up  to  immediately  previous 
to  the  explosion,  there  would  have  been  many  chances  for  the 
mine  to  get  into  a  dangerous  condition  throughout,  due  to  an 
accumulation  of  firedamp.  It  was  stated  that  the  natural  ventila- 
tion of  the  mine  was  about  40,000  cubic  feet  per  minute,  but  it 
was  not  stated  which  direction  this  current  took.  It  was  also 
stated  that  the  upcast  shaft  was  wet;  therefore  it  was  presum- 
able  that  this  would  be  the  cooler  of  the  two  shafts,  and,  other 
things  being  equal,  this  would  then  become  the  downcast. 

No  evidence  had  been  adduced  to  show  that  smoke  or  dust  at 
any  time  ascended  the  upcast  shaft,  but  there  was  evidence  of  an 
upward  force  there;  and  there  was  no  evidence  of  fire  or  flame 
having  occurred  about  the  fan  or  top  of  the  upcast,  bearing  out 
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ilif  suggestion  thai  the  explosion  had  been  initiated  there  by  an 
inflammable  mixture  becoming  ignited  a1  thai  point.  From  the 
fact  that,  after  the  explosion,  smoke,  etc.,  continued  to  issue  only 
from  the  normal  downcasl .  I  be  upcast  shaft  being  quite  uncovered, 
ii  would  l>e  gathered  that  the  natural  ventilation  (such  as  there 
was)  took  a  course  which  was  t he  reverse  of  that  made  by  the  fan ; 
therefore  the  condition  of  the  atmosphere  in  the  mine  for  some 
time  after  the  fan  had  been  started  could  quite  easily  be  inferred. 
From  the  evidence  of  Watkins  it  would  be  gathered  that  mani- 
festations of  the  explosion  appeared  simultaneously  at  each  shaft. 
The  evidence  of  force  was  upwards  at  both,  and  from  this  it  must 
be  inferred  that  the  explosion  originated  somewhere  in  the  work- 
ings. 

As  the  roof  was  of  a  friable  nature  and  not  rock,  any  sug- 
gestion as  to  falling  rock  having  produced  sparks  must  be  ruled 
out  of  court.  There  was  no  mention  of  explosives  having  been 
used  at  the  mine,  and  it  would  be  interesting  to  know  whether 
they  were  in  use  when  the  mine  was  working.  As  electricity 
was  eliminated  as  a  possible  cause,  owing  to  the  generators  not 
being  in  use  at  the  time  of  the  explosion,  explosives  would  also 
be  ruled  out  of  court,  as  there  was  nobody  in  the  mine  to  use 
them.  But  should  this  possible  cause  be  passed  over  so  easily? 
It  was  stated  that  in  the  Dip  Section  there  was  an  electric  pump; 
this  would  be  working  from  time  to  time,  even  if  there  was  no 
immediate  use  for  the  underground  electric  lights,  and  cables 
would  extend  along  the  roadways  to  this  pump.  Was  it  proved 
that  a  static  charge  could  not  remain  in  the  cables  after  the 
generators  had  ceased  working?  It  was  not  impossible  or  im- 
probable that  an  incipient  tire  had  been  caused  at  dusty  terminals 
or  through  a  slight  Leakage  in  the  cable  when  the  current  was 
on,  that  this  fire  had  continued  undetected,  had  smouldered 
during  the  period  of  stagnation  of  ventilation,  and  had  been 
quickened  to  life  when  the  ventilation  again  became  brisk,  the 
whole  of  the  evidence  in  connexion  with  this  being  wiped  out 
by  the  explosion.  The  possibility  of  these  incipient  fires  due  to 
electric  leakage  had  been  proved,  as  there  were  instances  on 
record.*  The  writer  would  direct  special  attention  to  one  men- 
tioned in  the  records  of  the  North  Staffordshire  Mining  Students 
Association. t     There  seemed  to  be  no  direct  connexion  between 

•  Trails.  Inst.  M.E.,  1909,  vol.  xxxvii.,  page  237. 
t  Bulletin  No.  1,  page  30. 
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the  closed-off  gob-fire  in  No.  8  Section  and  the  explosion,  but  it 
might  be  stated  that  there  was  a  closed-off  gob-fire  at  the  Xorton 
Colliery,  North  Staffordshire,  in  the  district  where  the  explosion 
seemed  to  have  originated,  but,  so  far  as  it  could  be  investigated, 
there  was  no  connexion  between  this  fire  and  the  cause  of  the 
explosion,  which  remained  a  mystery.  Nobody  was  in  the  Xorton 
Mine  at  the  time,  and  there  were  no  electric  cables. 

The  writer  would  tentatively  su<>«est  the  view  that  an  incipient 
fire  or  heating  had  been  started  through  electric  leakage,  that 
the  atmosphere  had  become  charged  with  firedamp  through  stop- 
page ot  the  fan.  that,  on  the  ventilating  current  again  becoming 
brisk,  the  aforementioned  heating  had  caused  flame,  which 
fired  an  inflammable  mixture,  and  that  this  was  sufficient 
per  se,  or  augmented  by  coal-dust,  to  do  the  rest.  This  view 
might  necessarily  be  modified  when  he  became  aquainted  with 
the  full  recorded  evidence,  but  not  in  the  direction  of  Mr.  Ash- 
worth's  view,  for  the  fact  that  manifestations  appeared 
simultaneously  at  each  shaft  should  suffice  to  show  the  impossi- 
bility of  its  correctness.  The  writer  was  not  aware  that  any  case 
of  the  initiation  of  a  colliery  explosion  had  occurred  outside 
a  mine,  and  he  would  draw  Mr.  Ashworth's  attention  to  the 
abortive  attempt  of  the  United  States  experimenters  to  start 
initiation  at  the  upcast  entrance  to  their  experimental  mine. 

Mr.  Ash  worth  had  mentioned  that  there  was  valuable  evidence 
in  the  original  report  bearing  on  air-compression  phenomena. 
Having  regard  to  the  fact  that  many  members  might  not  have 
access  to  that  report,  it  was  to  be  regretted  that  he  (Mr. 
Ashworth)  had  not  s'iven  an  abstract  of  this  evidence.  It  could 
not  lie  doubted  that  air-compression  played  a  great  part  during 
the  propagation  of  great  colliery  explosions.  In  earlier  com- 
munications on  this  subject  Mr.  Ashworth*  bad  used  the  terms 
"air-percussion"  and  **  concussion."  but  these  terms  were  not 
synonymous  with  compression. 

If  Mr.  Ashworth  would  explain  the  theory  of  the  action  which 
he  suggested  had  occurred,  it  would  then  possibly  become  clear 
t<>  students  and  investigators  of  colliery  explosions.  At  present 
the  writer'-  notion  of  his  (Mr.  Ashworth's)  hypothesis  was  that  at 
the  moment  of  the  generation  of  any  initiating  cause  there  was 

*  Trans,  hist.  M.E.,  1907,  vol.  xxxiv.,  page  270  ;  and  190S,  vol.  xxxyi.,  page 
366. 
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simultaneously  set  up  a  scries  of  initiations  ;ii  places  remote  from 
the  first  cause  through  "  percussion  "  or  '*  compression." 

Some  time  ago*  the  writer  recorded  a  simple  calculation 
which  showed  that  the  effect  of  any  such  action  in  air  would  be 
inversely  proportional  to  the  distance,  and  that  calculation  Mr. 
Ashwoith  had  never  disturbed.  From  the  graphs  published 
in  the  Reports  of  the  Explosions  in  Mines  Committee  it  would 
he  gathered  that  the  compressive  or  percussive  action  of  the 
cannon-shot  used  tor  the  purpose  of  initiation  was  inversely  pro- 
portional to  the  distance.  Further,  the  graphs  show  that  this 
ration  was  not  instantaneous,  but  travelled  at  about  the  velocity 
of  sound — hence  the  action  was  compressive  and  not  percussive. 

Ibid  Mr.  Ashwoith  ever  calculated  what  must  be  the  amount 
oJ  compression  necessary  to  produce  the  temperature  requisite  to 
ignite  firedamp?  Taking'  the  case  under  review,  the  maximum 
temperature  of  the  mine  was  given  as  72°  Falir..  and  the  tem- 
perature of  ignition  of  firedamp  (methane)  was  1,200°  Fahr. 
This  great  rise  in  temperature  would  require  a  large  amount  of 
compression,  but  from  the  aforementioned  graphs  it  would  be 
observed  that  the  "  igniter-pressure  "  on  the  first  manometer  was 
only  4  pounds  per  square  inch,  and  this  had  dropped  to  3  pounds 
on  the  last,  situated  200  feet  farther  on.  Therefore,  would  Mr. 
Ashworth  give  his  version  of  how  these  remote  actions,  percus- 
sive or  compressive,  were  attained  in  order  to  provide  the  tem- 
perature requisite  for  the  ignition  of  either  firedamp  or  coal-dust  ? 

Mr.  -James  Ashwohth  (Vancouver,  B.C.),  in  reply,  wrote 
that  he  was  surprised  that  the  paper  had  not  brought  out  more 
important  facts,  not  only  in  regard  to  the  Killing-worth  explo- 
sion, but  to  other  disasters  of  a  like  character,  particularly  as 
both  Mr.  A.  A.  Atkinson  and  Mr.  William  Humble  had  had 
unique  opportunities  of  discovering  fresh  facts.  Mr.  O'Brien  was 
the  only  one  to  make  a  fresh  suggestion,  namely,  that  possibly 
the  explosion  originated  through  "  a  small  burning'  roof  feeder  " 
at  an  unnamed  point  igniting  gas  from  the  Young  Wallsend 
Seam.  There  were,  however,no  facts  to  support  such  a  proposition. 

Neither  Mr.  A.  A.  Atkinson  nor  Mr.  William  Humble  had 
made  any  fresh  suggestions  that  would  assist  in  unravelling  the 
mystery  of  the  origination  and  progression  of  this  the  most  vio- 
lent explosion  that  bad  ever  occurred  at  a  colliery. 

*  Trans.  Inst.  M.K..  1909,  vol.  xxxvii.,  page  246. 
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Mr.   William  Humble,  in  the  evidence  which  he  gave  before 

the  Commissioner,  speaks  of  going  first  to  "the  big  fall  in  the 

shaft  siding."  This  fall  was  shown  on  the  plan  (Plate  VIII..  Vol. 

XL VIII.)  at  a  point  marked  5,  and  covered  the  ground  between 

the  two  shafts.        As  an  instance  of  the  considerable  volume  of 

gas  given  off  from  these  falls,  he  stated  that  "  when  the  Spion 

Kop  fall  first  took  place  a  lot  of  gas  was  given  off,  and  after  the 

reopening  that  place  appeared  to  me  to  be  a  place  of  importance." 

As  to  the  explosion,  he  declared  that  "  it  is  quite  obvious  that  it 

was   brought   about    by   the   ignition   of   gas,    and   was  carried 

throughout  the  mine  by  coal-dust.'"     Then  he  stated  that  "  there 

is  a  difficulty  to  explain  how  it  crossed  the  shaft  and  got  into  the 

Dip  District."     Then,  again,  he  asserted  that — 

•"  There  is  no  doubt  but  that  a  double  force  has  been  apparent  in  every 
district  in  the  mine.  ...  I  have  considered  the  possibility  of  a  spark 
having  ignited  gas  at  the  upcast  shaft.  We  had  not  been  long  engaged  in 
the  investigation  of  the  mine  when  that  theory  was  suggested.  ...  It 
seems  to  be  highly  improbable  that  such  a  quantity  of  gas  could  have  been 
present  in  the  upcast  shaft  as  to  have  been  explosive.  ...  I  think  there 
are  instances  of  explosions  in  which  the  first  force  has  really  been  the  most 
violent.  ...  I  think  that  the  electrical  plant  had  absolutely  nothing  to 
do  with  the  explosion.  ...  I  do  not  think  that  it  is  possible  for  suffi- 
cient gas  to  have  come  up  the  upcast  shaft,  and  been  ignited  at  the  surface, 
to  cause  such  a  large  volume  of  air  to  be  exploded.  ...  I  do  not  think 
that  it  was  possible  for  flame  to  have  travelled  down  that  shaft,  seeing  that 
it  was  a  wet  one." 

He  (Mr.  Ashworth)  had  tabulated  these  points  from  Mr. 
Ilumble's  evidence  because  they  seemed  to  cover  the  main 
points  which  had  remained  unexplained,  and  if  the  missing  link 
could  be  found  that  would  join  up  the  now  discordant  facts,  then 
the  "mystery"  would  at  once  disappear. 

Some     time     ago     his     attention     was     drawn     to     a     letter 

in    Nature,    from   Mr.    W.    A.    Douglas    Radge,   M.A.,    on    "A 

Possible  Cause  of  Explosion  in  Coal-mines,"  in  which  Mr.  Rudge 

made   the   following   statement : — 

"  If  a  cloud  of  dry  dust  is  suddenly  raised  by  a  current  of  air  and  pro- 
jected  against  an  insulated  conductor,  the  latter  becomes  charged  with 
electricity  to  such  a  potential  that  sparks  several  centimetres  in  length  may 
be  obtained.  It  does  not  matter  much — save  in  respect  to  the  sign  of  the 
charge — what  the  nature  of  the  dust  is,  for  sand,  coal-dust,  flour,  or  iron 
filings  all  give  rise  to  strong  charges.  Sand  gives  a  positive  charge  and 
coal-dust  a  negative  one.  It  therefore  appeared  possible  that  a  cloud  of 
dust  raised  by  a  sudden  fall,  or  other  means,  in  a  mine  might  charge  up  an 
insulated  conductor  to  such  an  extent  that  a  spark  could  pass  to  an  earthed 
conductor  near   it,   and  thus  fire  an  explosive  mixture  of  gases  if  this   was 
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present.  ...  If,  then,  such  ;i  combination  should  occur  as  that  of  a 
Budden  cloud  of  coal,  or  perhaps  other  dust,  an  insulated  conductor,  an 
earth-connected  conductor  near  it.  and  an  explosive  mixture  of  gases,  it  is 
not  inconceivable  thai  an  explosion  might  follow."* 

Mr.  Etudge  afterwards  contributed  to  the  Royal  Society  of 
London  a  paper  "On  the  Electrification  Produced  during  the 
Raising   of  a  Cloud  of   Dust,t  in    which    he  showed   how  this 

occurred. 

With  regard  to  the  application  of  the  scientist's  work,  there 
was  at  Killingworth  a  ".big  fall  "  near  hoth  the  downcast  and 
the  upcast  shafts,  and  between  these  two  points  a  cut-through 
of  Limited  dimensions  at  the  upcast  end,  but  enlarged  at  the 
other  end,  and  in  this  opening  there  were  electric  wires,  two 
switchboards,  pumps,  and  haulage-ropes.  There  were  also 
wooden  doors  in  this  passage,  hut  the  evidence  at  the  enquiry 
did  not  disclose  in  which  direction  they  were  carried,  although 
there  was  evidence  of  a  very  strong  blast  towards  the  upcast. 

The  source  of  ignition  along  with  the  requisite  volume  of 
firedamp  was  the  principal  problem  involved  in  the  solution  of 
this  mystery,  and  the  writer  submitted,  with  very  great  confi- 
dence, that  Mr.  Rudge's  theory  and  experiments  proved,  as  con- 
clusively as  it  was  possible  to  do  so.  that  the  explosion  originated 
at  this  point.  It  may  particularly  be  noted  that  it  was  the  one 
point  where  a  comparatively  small  volume  of  gas  brought  down 
from  the  Young  Wallsend  Seam  could  produce  all  the  effects 
which  were  in  evidence.  The  two  marble  switchboards  out  of 
the  cut-through  were  found  near  the  bottom  of  the  upcast  shaft. 

It  was  agreed  by  practically  every  witness  that  the  explosion 
radiated  from  the  pit-bottom,  and  went  in-bye  along  each  road 
simultaneously,  and  in  many  instances  produced  great  heat 
effects  from  air-percussion 

In  conclusion,  the  writer,  replying  to  Mr.  Atkinson,  would 
make  a  brief  reference  to  the  Mount  Kembla  disaster.  The 
effect  of  the  huge  wind-blast  (percussive  blast)  from  the  35-acre 
goaf  was  tremendous,  and  there  were  in  that  case  ;ilso  live  elec- 
tric wires,  but  the  firedamp  was  missing.  The  writer  regretted 
to  call  attention  to  the  fact  that  the  gas-cap  which  Mr.  Humble 
thought  he  saw  on  the  Ashworth-Clowes  hydrogen  gas-testing 
lamp-flame  at  the  top  of  the  fall  in  the  35-acre  goaf  was  not  seen 

*  1914,  vol.  xcii.,  page  660. 

t  Proceedings  of  the  Royal  Society  of  London,  li»14,  vol.  xc,  series  a,  page  256- 
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either  by  the  gentleman  who  was  making'  the  examination,  or  by 
the  nne  nearest  to  him,  nor  did  Mr.  Humble  report  it  to  Mr. 
Atkinson. 

As  to  the  "  supposed  "  ignition  of  a  supposed  volume  of  ex- 
plosive gas  by  a  boy's  lamp,  it  was  only  necessary  to  point  out 
thai  the  originator  of  the  theory  "  forgot  "  to  say  "  how  "  the 
lamp-flame  survived  the  initial  blast  which  was  supposed  to  have 
occurred;  also  how  it  was  that  there  was  no  flame  or  burning 
effects  in  the  travelling-road  which  ran  parallel  to  the  main  haul- 
age-road, from  which  he  (Mr.  Ashworth)  thought  that  Mr. 
William  Humble  himself  was  rescued  alive. 

He  would  suggest  that  the  electrical  effects  of  heavy  air- 
dhi^ts  as  well  as  their  percussive  heat  effects  were  worthy  of 
further  discussion  by  the  members  of  the  Institute.  Actual  ex- 
periments had  proved  that  both  effects  might  be  and  were 
demonstrated  during  every  big*  colliery  explosion. 

Finally,  in  view  of  this  fresh  evidence  as  to  what  might 
possibly  occur  when  a  fall  of  roof  takes  place,  under  the  condi- 
tions named,  the  writer  now  believed  that  it  offered  the  only 
practical  and  positive  solution  of  the  Killingworth  mystery,  if 
the  ignition  did  not  oiio-inate  at  or  near  the  fan. 


DISCISSION  OF  MR.  SAMUEL  DEAN'S  PAPER  ON 
"  COAL-MIXING  IN  THE  STATE  OF  PENNSYLVANIA, 
UNITED  STATES  OF  AMERICA."* 

Mr.  W.  D.  Owens  (Pittston,  Pennsylvania)  wrote  that  the 
paper  had  been  written  with  such  care  and  impartiality  that  there 
was  practically  nothing  that  could  be  added  to  it.  He  was  pleased 
to  say  that  the  members  could  depend  upon  the  •statements  made 
by  Mr.  Dean. 

He  would  mention  that  checkweighmen  were  employed  at 
several  of  the  anthracite  mines,  but  were  called  "  check-weighing 
bosses  ":  also  that  the  great  majority  of  pea-coal  was  now  used 
for  domestic  purposes. 

lie  did  not  like  the  word  "tubs"  used  for  mine  cars  in 
the  British  mining  nomenclature.  He  found  that  in  South 
Wales  they  were  generally  called  "  trams,"  while  in  the 
Transactions  of  The  Institution  of  Mining  Engineers  they  were 
usually  described  as  '*  tubs.*'     He  (Mr.  Owens)  thought  the  term 

Trans.  Inst.  M.  E.,  1914,  vol.  xlviii.,  page  367. 
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used  in  the  United  States  of  America  was  better,  namely,  "tars  " 
or  '"  mine  cars,"  and  particularly  when  it  was  remembered  that 
"car"'  was  a  Celtic  root  word,  and  meant  anything  to  carry  a 
load  which  was  on  wheels,  and  the  same  conld  not  be  said  of  the 
root  of  "tiih."'  He  suggested  the  adopt  ion  of  '*  cars  "  in  British 
nomenclature,  so  that  the  name  would  be  similar  in  both 
countries. 

.Mr.  II.  II.  Clare  (United  States  Bureau  of  Mines,  Pitts- 
burgh) wrote  that  Mr.  Dean's  reference  to  the  irse  of  portable 
electric  mining  lamps  led  him  (Mr.  Clark)  to  believe  that  a  few 
supplementary  remarks  on  this  subject  might  be  of  interest. 
Several  electric  cap-lamps,  besides  those  mentioned  by  Mr. 
Dean,  were  now  being  developed  in  the  United  States  of  America 
or  were  already  on  the  market.  This  type  of  lamp  seemed  to 
meet  with  more  favour  than  the  hand-lamp,  for  the  reasons  which 
Mr.  Dean  had  suggested.  The  United  States  Bureau  of  Mines  was 
very  much  interested  in  these  lamps  from  the  point  of  view  of 
safety,  and  believed  that  their  use  would  be  a  means  of  decreasing 
accidents.  The  Bureau  had  therefore  made  a  careful  study  of 
portable  electric  lamps,  and  had  sought  to  foster  their  develop- 
ment in  every  way.  The  Bureau  had  prepared  a  general  specifica- 
tion for  such  lamps,  and  had  undertaken  to  test  any  lamps 
submitted  to  it,  in  order  to  vouch  for  their  safety,  practicability. 
and  efficiency.  Lamps  that  were  found  to  meet  the  requirements 
laid  down  by  the  Bureau  received  its  formal  approval.  These 
specifications,  together  with  a  description  of  the  tests  that  the 
lamps  must  pass  in  order  to  be  approved,  had  been  embodied  in 
one  of  the  Bureau's  publications  known  as  "  Schedule  fi."  A 
limited  number  of  these  schedules  were  available  for  free  distri- 
bution, and  copies  might  be  obtained  from  the  Director,  Bureau 
of  Mines,  "Washington,  D.C.  (U.S.A.).  Tests  under  the  provisions 
of  this  schedule  were  now  in  progress,  but  at  the  time  of  writing 
no  lamps  had  yet  been  approved,  although  four  approvals  for 
safety  only  were  granted  some  time  ago  under  the  provisions  of 
an  earlier  schedule  that  had  been  superseded  by  Schedule  li. 

Mr.  Ruftjs  J.  Foster  (Scranton,  Pennsylvania)  wrote  that 
Mr.  Dean's  paper  was  remarkably  good  for  so  short  a  treatise  on 
a  big  subject.  The  time  spent  by  him  in  the  Pennsylvanian  coal- 
field-, and  particularly  in  the  anthracite  region,  was  necessarily 
very  limited,  but  he  had  spent  it  to  good  advantage.       His  paper 
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was  remarkable  in  that  the  inaccuracies  contained  in  it  were  few, 
and  not  of  vita]  importance. 

His  brief  statement  of  the  early  history  of  anthracite-mining' 
might,  with  advantage,  be  enlarged  to  record  the  fact  that  the 
first  authentic  use  of  Pennsylvanian  anthracite  was  in  1768-1769, 
when  a  blacksmith  named  Obadiah  Gore,  who  had  settled  in  the 
Wyoming  Valley,  used  it  on  his  blacksmith's  forge.  In  1776,  or  at 
the  commencement  of  the  Revolutionary  War,  coal  was  taken  in 
arks  from  the  Wyoming  Valley  mines,  down  the  Susquehanna 
River  to  Harrisburg,  and  was  then  transported  in  wagons  overland 
to  the  Government  arsenal  at  Carlisle,  where  it  was  used  for 
smiths'  forges.  This  use  of  anthracite  continued  during  the  war 
and  afterwards  until  1808,  when  the  late  Judge  Jesse  Fell,  of 
AVilkes  Barre,  succeeded  in  burning  it  successfully  in  a  grate. 
Following  tli is.  anthracite  came  into  fairly  general  us?  in  the 
valley,  but  the  development  of  the  Northern  Field  was  not  as 
rapid  as  that  of  the  Middle  and  Southern  Fields,  which  had  better 
avenues  to  broader  markets. 

The  first  discovery  of  anthracite  in  the  Southern  Field  was 
made  by  Philip  Ginter,  a  hunter,  who,  in  1791,  discovered  the 
outcrop  of  a  seam  on  Bear  Mount,  about  9  miles  west  of  Mauch 
Chunk,  under  the  roots  of  a  tree  that  had  blown  down.  Ginter 
reported  his  find  to  Col.  Jacob  Weiss  at  Fort  Allen,  who  with 
Robert  Morris,  the  celebrated  financier  of  the  Revolution,  and 
others,  investigated  the  story  and  found  it  correct.  The  dis- 
covery of  anthracite  in  the  Middle  Field  followed  shortly  after 
thai  in  the  Southern  Field. 

The  anthracite  mentioned  by  Mr.  Dean  as  being  successfully 
burned  in  Philadelphia  in  1812  was  not  anthracite  from  the 
Wyoming  region.  It  was  anthracite  from  Schuylkill  County 
(Southern  Field)  which  had  been  taken  to  Philadelphia  in 
wagons  by  the  late  Col.  George  Shoemaker  of  Pottsville.  In 
this  connexion  it  was  interesting  to  remember  that  two  of  Col. 
Shoemaker's  grandsons  (George  Shoemaker  Clemens  and  Frank 
Gillingham  Clemens)  were  mining  engineers,  who  had  long  been 
prominently  identified  with  anthracite-mining  in  the  Schuylkill 
region.  The  former  was  the  senior  mining  engineer  for  the 
Philadelphia  &  Reading  Coal  &  Iron  Company ,  and  the  latter, 
after  many  years  service  as  a  mining  engineer  for  the  Lehigh 
Valley  Coal  Company,  was  now  a  private  practitioner  and  con- 
sulting engineer. 
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Anthracite,  excepting  the  very  small  sizes,  was  now,  on 
account  of  its  price,  used  exclusively  as  ;i  domestic  fuel.  The 
smaller  sizes  (pea,  buckwheat,  rice,  and  birds-eye)  were  used 
for  steam  purposes  in  large  industrial  plants  in  comparatively 
close  proximity  to  the  mines,  and  for  steam-heating  purposes  in 
large  buildings,  lintels,  etc.,  in  towns  and  cities  in  the  eastern 
pari  of  i  lie  United  States. 

Mr.  Dean's  statement  that  the  increase  iii  the  production  of 
anthracite  would  be  regulated  by  the  increase  in  population  was 
incorrect.  The  production  of  anthracite  had  now  ahoul  reached 
its  maximum.  The  extent  of  the  anthracite-beds  was  definitely 
known,  and  the  annual  production,  which  would  remain 
approximately  stationary  for  a  few  years,  would  in  the  com- 
paratively  near  future   begin  to  decrease. 

ICr.  Dean's  statement  that  anthracite  dust  "is  not  considered 
to  lie  explosive,"  was  correct,  but  left  room  for  the  inference 
that  it  might  prove  to  be  explosive.  It  had  been  definitely  proved 
by  the  dnited  States  Bureau  of  Mines  that  anthracite  dust  was  not 
explosive.  The  writer  had  proved  this  to  be  the  case  by  practical 
experience  many  years  ago.  In  the  anthracite  breakers  of  thirty 
yeai  s  ago,  the  dust  in  the  air  in  the  screen-rooms  was  so  thick  that 
the  boy  slate-pickers  had  to  wear  open  lamps  on  their  caps  in  order 
to  get  sufficient  light  to  detect  the  slate  from  the  coal.  A  person 
sta inline  8  or  10  yards  off  could  hardly  be  seen  through  the  dust, 
but  there  was  always  an  aura  of  scintillating  sparks  around  the 
Hames  of  the  open  lamps.  If  the  dust  had  been  explosive,  the 
breakers  of  thirty  years  ago  would  have  been  the  scene  of 
violent  explosions.  Again,  in  some  of  the  deeper  and  gaseous 
mines  the  coal  was  very  dry,  and  when,  as  in  the  case  of  steep 
pitches,  the  mine  cars  were  loaded  from  shoots,  the  dust  was 
sometimes  present  in  almost  suffocating  quantities.  Timbers, 
shoots,  and  ledges  of  all  kinds  were  covered  with  the  dust.  In 
such  mines  there  had  been  numerous  gas  explosions,  but  in  no 
instance  had  an  explosion  extended  beyond  the  limits  of  what 
was  to  be  expected  from  gas.  In  ruining  anthracite,  theoretic- 
ally the  miner  was  expected  to  have  a  "loose  end  "  for  bis  shot. 
In  actual  practice  the  "  loose  end,"  except  in  the  case  of  skilled 
miners,  was  often  lacking.  Large  charges  of  powder  were  used, 
and  if  anthracite  dust  was  explosive  all  the  conditions  would  be 
present  for  great  disasters.     This  was  particularly  the  case  some 


200     DISCUSSION COAL-MINING    IN    THE    STATE    OF    PENNSYLVANIA. 

years  ago  when  black  powder  with  its  long  flame  was  the  only 
explosive  used  in  anthracite-mining.  That  there  had  never  been 
an  explosion  in  the  anthracite  fields  that  could,  by  any  stretch 
of  the  imagination,  be  attributed  to  anthracite  dust,  or  the  pro- 
pagation of  which  could  be  attributed  to  dust,  was  corroborated 
by  the  special  tests  of  the  United  States  Bureau  of  Mines. 

In  his  reference  to  descriptions  of  methods  of  working,  etc., 
Mr.  Dean  had  mentioned  two  excellent  sources  of  information. 
A  new  and  authoritative  description  of  "Pitch  Mining  of  Thick 
Coal  Seams,"  by  \V.  G.  Whildin,  General  Inside  Superintendent 
of  the  Lehigh  Coal  &  Navigation  Company,  appeared  in  the 
December  (1914)  Bulletin  of  the  American  Institute  of  Mining 
Engineers.  It  was  well  worth  careful  reading,  as  the  system 
employed  was  the  outcome  of  many  years'  experience  accumulated 
by  the  Lehigh  Coal  &  Navigation  Company  in  mining  very  thick 
seams  on  heavy  pitches. 

In  referring  to  bituminous  mines.  Mr.  Dean,  evidently 
unintentionally,  had  cast  a  reflection  on  Pennsylvanian  mine 
managers  when  he  stated  that  he  '*  saw  no  methods  of  dealing 
with  the  coal-dust  problem  worthy  of  particular  mention  ;  in 
fact,  in  the  mines  this  problem  does  not  appear  to  be  given  the 
attention  which  it  demands."  In  his  necessarily  limited  time. 
it  was  probable  that  Mr.  Dean  had  happened  to  visit  mines  wdiere 
there  was  apparently  little  or  no  attention  given  to  the  coal-dust 
problem.  In  most  of  such  cases  attention  had  been  devoted  to  it, 
and  some  precautionary  measures  had  been  taken:  but.  owing  to 
the  investigations  now  being  conducted  by  the  United  States 
Bureau  of  Mines,  the  managements  of  these  mines  were  waiting 
for  definite  information  as  to  the  best  precautionary  measures 
to  be  taken  to  meet  their  local  conditions,  when  such  precautions 
would  be  applied. 

Many  bituminous  mines  in  Pennsylvania  were  equipped  with 
apparatus  for  moistening  the  intake  air  and  dampening  the  dust. 
In  other  mines  the  top,  roof,  and  sides  were  washed  down  with 
hose,  and  some  few  had  adopted  the  modified  Tatfanel  system 
designed  by  Mr.   George  S.   Pice  of  the  Bureau  of  Mines. 

Mr.  Dean  had  shown  in  Fig.  24  (page  377)  a  view  of  the 
beautiful  Conyngham  Valley  as  a  view  of  the  anthracite  region. 
This  valley,  while  closely  adjoining  the  anthracite  region,  was 
not  actually  a  part  of  it,  as  the  Coal-Measures  in  that  locality  were 
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eroded,  and  the  strata  were  sub-Carboniferous.  Except  in  the 
Wyoming  Galley,  the  anthracite  regions  of  Pennsylvania  did  not- 
present  any  particularly  beautiful  agricultural  scenery.  As  a 
mattered  fact,  apart  from  the  Wyoming  Valley,  almost  the  entire 
region  was  rugged  and  mountainous,  and  covered  with  thin  and 
poor  soil. 

Mr.  William  Domntch  (Pittsburgh)  wrote  that  there  were 
in  the  United  States,  and  particularly  in  the  State  of  Penn- 
sylvania,   two.    or    perhaps    three,    different    classes    of    mines, 

namely  :  — 

(1)  The  non-gaseous,  where  open  lights  were  almost  exclu- 
sively used. 

(2)  The  gaseous  mines,  where,  according  to  the  requirement 

of  the  Mining1  Department,  safety-lamps  must  be  and  were  used 
exclusively. 

(3)  A  class  of  mines  that  might  be  mentioned  under  the 
name  of  so-called  "  mixed-light  mines,"  where  safety-lamps  were 
only  used  in  the  pillars  and  rooms,  and  where  open  lights  were 
used  in  the  main  haulage-way. 

With  the  introduction  of  electric  safety-lamps  in  mines,  it 
was  possibly  the  intention  and  object  of  the  manufacturers 
supplying  such  lamps  to  meet  the  existing  demand  and  to  give 
the  miners  something  which  would  come  nearest  to  the  lamp 
that  they  had  previously  used.  Thus,  in  all  mines  where  here- 
tofore safety  hand-lamps  had  been  in  use  the  miners,  when  given 
electric  safety-lamps,  preferred  also  the  hand-light;  and  in  some 
instances  where  the  men  had  previously  used  the  open  light,  and 
were  compelled  by  law  or  otherwise  to  use  safetj-lamps,  they 
gave  preference  to  an  electric  cap-lamp  to  replace  the  open  light 
which  they  had  been  accustomed  to  wear  in  the  cap.  In  the 
mixed-light  mine  this  evolution  was  not.  of  course,  so  clear, 
because  some  men  might  prefer  hand-lamps  and  others  cap- 
lamps. 

What  he  (Mr.  Domnich)  would  like  to  point  out  particularly 
was  that  the  electric  cap-lamp  was  not  used  exclusively  or  pre- 
ferably, but  it  was  logical  with  the  use  of  the  electric  lamp ;  that 
the  big  field  for  the  introduction  of  the  same  lay  in  such  mine 
or  mines  where  the  operators  were  compelled  to  make  a  change 
from  the  open  light  to  the  safety-lamp,  and  this  might  account 
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for  the  fact  that  progress  with  the  introduction  of  the  cap-lamp 
had  been  somewhat  quicker,  because  where  formerly  safety- 
lamps  were  already  used  the  change  to  the  electric  safety-lamp 
would  necessarily  be  somewhat  slower  on  account  of  the  con- 
siderable outlay  of  money,  although  it  was  gradually  and 
systematically  being  carried  out. 

Mr.  Joseph  A.  Jeffrey  (Columbus,  Ohio)  wrote  that  his 
remarks  were  not  to  be  construed  as  being  criticisms  on  Mr. 
Dean's  paper,  but  more  in  the  light  of  added  information.  He 
had  read  the  paper  with  a  great  deal  of  pleasure  and  interest,  and 
was  always  pleased  to  add  a  few  words  regarding  the  methods 
of  mining  prevalent  in  the  United  States  of  America,  because 
he  had  been  very  closely  connected  with  the  development  and 
application  of  coal-cutting  machines  both  at  home  and  abroad. 

When  one  stopped  to  consider  that  the  output  of  coal  in  the 
State  of  Pennsylvania  was  204,057,000  short  tons  in  191-3,  and 
that  this  output  was  equal  to  80  per  cent,  of  the  total  production 
of  coal  in  Great  Britain,  he  could  not  avoid  calling  attention  to 
the  mining  methods  which  made  this  a  possibility,  namely,  the 
application  of  electricity  to  coal-mines. 

In  order  to  give  an  idea  of  the  size  of  some  of  the  electrical 
installations  in  the  mines  of  Pennsylvania,  he  would  mention  as 
a  good  example  the  Berwind-White  Coal-mining  Company  of 
Windber,  which  possessed  three  central  power  plants  equipped 
with  a  5.000-kilowatt  turbine  and  four  1,500-kilowatt  turbo- 
generators. The  alternating-current  voltage  ranged  as  high  as 
13,200  for  long-distance  transmission.  Eight  sub-stations  were 
used,  in  which  a  number  of  rotary  converters,  motor-generator 
sets,  and  transformers  reduced  the  voltage  to  550  direct  current, 
and  440  alternating  current.  There  was  also  provided  for 
general  use  one  400-kilowatt  portable  sub-station  which  produced 
direct-current  power  at  550  volts.  In  addition  to  the  above,  there 
were  four  400-kilowatt  direct-connected  500-volt  direct-current 
generators.  The  boiler-plant  consisted  of  twenty-two  300-horse- 
power  and  four  600-horsepower  water-tube  boilers.  The  number 
of  employees  was  4,200.  The  complete  output  of  the  company 
was  handled  by  seventy-eight  electric  locomotives,  and  the  coal 
was  undercut  by  266  electric  mining  machines  and  188  air- 
punchers. 
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Another  example  was  the  Pittsburgh  Coal  Company,  whose 
mines  were  scattered  over  a  large  area.  Thirty-nine  mines  pro- 
duced an  output  of  12,320,297  shorl  Urns.  This  output  was 
obtained  by  using  88  electric  locomotives  of  various  weights, 
438  electric  mining  machines,  and  the  number  of  employees 
was  13,900,  The  Delaware,  Laekawana,  &  Western  Railroad 
Company  were  working  in  the  anthracite  region,  and  had  78 
electric  locomotives  gathering  from  twelve  mines.  The  weight 
of  these  Locomotives  ranged  from  10  to  7  tons.    The  Delaware  and 


Fig.  1.  — 6-Ton  Electric  Cable-reel  Locomotive. 


Hudson  Company  were  also  operating  in  the  anthracite  region, 
and  had  in  operation  151  locomotives  in  eleven  mines. 

The  locomotives  in  general  use  in  the  mining  industry  in 
Pennsylvania  and  in  other  mining  sections  ranged  from  4  to  30 
tons  in  weight.  The  lighter  locomotives  were  used  for  gathering 
from  the  rooms  to  the  partings,  where  the  large  locomotives  made 
up  the  trips  and  hauled  them  to  the  shaft-bottom  or  to  the 
tipple  outside. 

The  gathering  locomotives  in  general  were  of  one  of  three 
types,  namely,  the  electric  cable-reel  locomotive,  the  crab  loco- 
motive, or  the  storage-battery  locomotive.     The  general  design  of 


204  DiMT.sSioX — COAL-MINING    IX    THE    STATE    OF   PENNSYLVANIA. 


Fig.  2. — 7-Ton  Crab  Locomotive,  Monongahkla  River  Consolidated 
Coal  &  Coke  Company,  California,  Pennsylvania. 


Fig.  3.— 5-Ton  Storage-battery  Locomotive,  hauling  Loaded  Car 
from  Room. 
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tin-  electric  cable-reel  locomotive  was  shown  in  Fig.  1,  and  the 
crab  Locomotive  in  Fig.  2.  The  storage-battery  locomotives 
(Figs.  '■>  and  4).  which  were  used  for  gathering  purposes,  ranged 
from  4  to  6  tons  in  weight,  and  were  equipped  either  with  the 
Edison  alkali  batteries  or  with  the  lead  battery,  the  capacity  of 
the  battery  ranging  from  22|  to  33  kilowatt-hours.  The  speed 
uniler  normal  operating  conditions  was  usually  limited  to  Si- 
miles per  hour. 

Some  idea  of  the  capacity  of  the  haulage  locomotives  in  gen- 
eral use  in  the  large  installations  would  be  conveyed  by  Fig.  5, 


Fig.  4. — 5-Ton  Storage-battery  Locomotive  over  Pit  in  Charging 
Station,  Battery  being  Charged. 

which  showed  one  of  the  30-ton  locomotives  built  for  the  Ber- 
wind-AVhite  Coal-mining  Company,  this  being  one  of  the  largest 
single-unit  mine  locomotives  in  use.  The  locomotives  weighed 
30  tons  each,  had  a  36-inch  gauge,  and  were  of  the  three-motor 
six-wheeled  type,  fitted  with  equalizing  levers  to  distribute  evenly 
the  weight  on  the  six  wheels.  The  side  and  end  frames  were 
constructed  of  what  was  known  as  "  armour-plate  "  solid-rolled 
steel  slabs,  and  the  sides  were  5  inches  thick,  40  inches  high, 
and  17  feet  long.  The  sides  and  ends,  with  the  aid  of  cast-steel 
angles,  were  securely  bolted  together,  forming  a  solid  unit. 
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The  motor  equipment  of  each  unit  consisted  of  three  115- 
liorsepower  500-volt  ball-bearing  motors,  capable  of  developing 
a  tractive  effort  of  15,500  pounds  at  a  speed  of  8  miles  per  hour. 
Incorporated  in  their  design  were  the  essential  mechanical  and 
electrical  features  which  had  solved  to  a  large  extent  the  troubles 
encountered  under  mining  conditions.  The  application  of  ball- 
bearings permitted  the  use  of  5|-inch  face-gearing  and  a  5g-inch 
commutator  in  the  space  available  on  a  36-inch  gauge,  without  a 
Sacrifice  in  the  size  of  any  other  part.       The  use  of  bearings  of 


Fig.  5  —30-Ton  Electric  Locomotive,  Berwind- White  Coal-mixing 
Company,  Windber,  Pennsylvania.  This  is  the  largest  Single- 
unit  Mine  Locomotive  in  operation. 

this  kind  eliminated  to  a  great  extent  motor  troubles  arising  iu 
connexion  with  the  use  of  bronze-lined  bearings.  Large  commu- 
tator doors  gave  ample  access  to  the  brushes  and  commutator  for 
inspection  and  cleaning.  The  field-frames  were  supported  from 
the  bottom  half,  so  that  the  top  half  might  be  removed,  thus  per- 
mitting of  the  withdrawal  of  the  armature  without  disturb- 
ing any  other  part.  Three-point  suspension  on  a  spring-hung 
cross-bar  gave  flexibility,  and  absorbed  all  shocks.  The  con- 
troller was  of  exceptionally  large  current-carrying  capacity,  with 
a  double  set  of  brushes  on  the  operating  cylinder,  which  were 
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used  to  cut  out  tin'  rheostat  when  bringing  the  locomotive  up  to 
speed.  The  two  sets  of  brushes  were  cadi  provided  with  a  mag- 
netic blow-out  coil. 

A.mong  the  electrical  features  was  an  automatic  contactor 
connected  in  series  with  and  operated  !i\  the  con I roller-cylinder. 
The  contactor  was  designed  to  break  circuits  carrying  heavy 
Current,  and  its  use  eliminated  the  heavy  arcing  incident  in  the 
controller-case  where  the  main  break  was  incorporated  in  the 
operating  cylinder.  The  rheostat  was  of  the  cast-grid  type  of  the 
latest    design,   and   of  sufficient  capacity   for  operation   without 


Fig.  6. — 10-Ton  Locomotive  used  in  the  Anthracite  Region. 

excessive  heating.  A  powerful  arc  headlight  was  mounted  on 
each  frame,  this  being  the  most  efficient  lighting  method  for 
work  of  this  nature. 

The  four  cast-iron  sand-boxes  had  a  total  capacity  of  approxi- 
mately 9  bushels,  this  amount  being  necessary  for  tbe  successful 
operation  on  the  long  hauls  and  heavy  grades  over  which  the 
locomotives  must  operate.  The  journal-boxes  were  of  the  latest 
type,  with  a  polished  hardened-steel  plate  in  the  lid  for  taking 
up  the  end  thrust  of  the  wheels,  transmitted  to  it  through  a 
hardened-steel  pin  in  the  end  of  the  axle,  thus  eliminating  the 
wear  on  the  wheel-hubs  and  the  face  of  the  journal-box  incident 
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to  the  end  thrust.  The  wheels  were  of  rolled  steel,  33  inches  in 
diameter,  pressed  and  keyed  on  5A-inch  axles,  wheels  of  this 
material  having-  been  adopted  as  standard  by  the  Berwind-White 
Coal-mining1  Company.  This  company  and  the  Jeffrey  Manu- 
facturing Company  might  well  feel  proud  of  these  machines,  and 
reference  to  the  illustrations  would  show  a  locomotive  of  formid- 
able proportions,  designed  along  pleasing  lines,  and  embodying 
all  that  was  to  be  desired  in  a  mine-haulage  equipment. 

Fig.  6  showed  the  general  design  of  the  10-ton  locomotives 
used  in  the  anthracite  region.       These  locomotives  had  a  height 


Fig.  7. — Two  13-Ton  Locomotives,  Vesta  Coal  Company,  California, 
Pennsylvania. 


over  the  frame  of  32  inches,  an  overall  length  of  12  feet,  a  wheel- 
base  of  58  inches,  and  a  width  of  20  inches  wider  than  gauge. 
The  motor  equipment  consisted  of  two  motors.  The  combined 
horsepower  of  the  two  motors  was  equal  to  10  horsepower  per  ton, 
and  was  capable  of  operating  the  locomotive  at  a  speed  of  G  miles 
per  hour. 

Mr.  Dean  had  mentioned  in  his  paper  the  Yesta  Coal  Com- 
pany as  one  of  the  largest  mines  in  the  State  of  Pennsylvania. 
The  total  output  of  this  mine  was  hauled  by  electric  locomotives, 
and  the  coal  was  undercut  by  electric  mining  machines.     Fig.  7 
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Fig.  8.— Breast  Type  of  Mining  Machine  or  Header. 


Fig.  9.— Shortwall  Machine. 
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showed  two  13-ton  locomotives  used  in  the  mines  of  the  Testa 
Coal  Company  at  California,  Pennsylvania. 

With  regard  to  electric  mining  machines,  there  were  four 
general  types  of  mining  machines  in  use,  namely,  the  hi  east  type 
shown  in  Fig.  8,  the  shortwall  type  shown  in  Fig.  9.  the  long- 
wall  type  shown  in  Fig.  10,  and  the  "Arcwall"  top-cutting 
machine  shown  in  Fig.  11.  These  four  types,  with  the  exception 
of  the  longwall  machine,  were  self-propelling,  which  facilitated 
rapid  movement  from  one  working-place  to  another.  The  most 
efficient  of  these  four,  where  head-room  permitted  of  its  opera- 


Fig.  10.—  Longwall  Machine. 

tion,  was  the  top-cutting  machine.  There  were  a  number  of 
features  which  made  this  machine  rapid  in  its  operation.  It 
did  not  off-load  from  the  truck,  and  it  was  propelled  into  the 
working-place  with  the  cutter-arm  in  a  position  ready  to  cut. 
The  machine  proper  with  its  cutter-arm  was  mounted  on  a  steel 
ring,  which  in  turn  was  mounted  on  three  adjustable  pedestals. 
The  adjustment  in  height  was  used  to  vary  the  height  of  the  cut 
above  the  top  of  the  rail.  In  a  great  many  mines  this  was 
particularly  useful  for  cutting  out  a  band  of  dirt  or  slate,  and 
permitted  of  cleaner  coal  being  obtained.  In  a  number  of 
installations  this  machine  had  been  known  to  cut  as  high  as  IS  to 
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20-foot  places  iii  a  single  shift  of  eight  hours  when  mining'  on  the 
pillar-and-stall  system. 

He  (Mr.  Jeffrey)  had  called  attention  to  the  electrical  equip- 
ment of  the  mines  in  t he  State  of  Pennsylvania  for  the  express 
purpose  of  giving  some  idea  how  these  enormous  outputs  were 
mad.'  possible,  and  would  recommend  to  all  coal-operators,  either 
at  home  or  abroad,  the  importance  of  using  the  most  efficient  and 
up-to-date  methods. 

He  had  occasion  recently  to  give  his  attention  to  a  mine  in 
Pennsylvania  which  had  heen  developed  by  the  use  of  air  mining 


-*«* "W 


Fig  11. — "Arcwall"  Toi'-cutting  Machine. 


machines  and  compressed-air  locomotives.  The  mine  had  been 
developed  to  a  point  where  it  had  been  practically  demonstrated 
that  the  output  was  limited  by  the  present  equipment  of  com- 
pressed-air locomotives.  A  further  adaptation  of  these  loco- 
motives would  mean  the  building  of  more  side  tracks  on  which 
the  additional  locomotives  could  meet  and  pass  one  another.  It 
was  found  on  investigation  that  the  present  air-locomotives  re- 
quired more  time  to  keep  them  charged  with  air  than  was 
consumed  in  hauling  trips.  It  was  shown  that  the  application 
of  electricity  to  such  a  mine  would  not  only  double  the  output, 
but  the  time  required  for  the  saving  to  return  the  investment  was 
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less  than  two  years.  The  reduction  in  the  cost  of  producing  1 
ton  of  coal  by  the  use  of  electricity  was  about  11  per  cent.  The 
saving  in  the  haulage  cost  made  possible  by  the  use  of  electric 
gathering  locomotives  and  electric  haulage-locomotives  in  place 
of  ponies  and  compressed-air  locomotives  was  shown  to  be  17  per 
cent. 

While  all  would  realize  that  there  were  a  number  of  mines  in 
Great  Britain  where  the  methods  of  mining  prevalent  in  the  State 
of  Pennsylvania  could  not  be  used,  it  could  not  fail  to  be  acknow- 
ledged that  the  application  of  electricity  to  mining  was  a  subject 
to  which  every  operator  should  give  due  consideration. 


Mr.  H.  W.  Gr.  Halbatjm's  paper  on  "  The  Lateral  Friction  of 
Winding-ropes  "  was  taken  as  read,  as  follows  :  — 
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THE  LATERAL  FRICTION  OF   WINDING-ROPES. 


By  H.   W.  G.  HALBAUM  (Gkeenwei.l  Medallist). 


There  has  lately  been  some  enquiry  from  practical  men  for 
a  simple  formula  connecting"  the  various  factors  which  determine 
the  amount  of  lateral  friction  encountered  by  a  winding-rope  as 
it  travels  from  one  side  of  the  drum  to  the  other.  The  object  of 
this  paper  is  to  submit  such  a  formula,  and  to  initiate  a  discussion 
which  shall,  if  possible,  serve  to  solve  the  entire  problem.  The 
problem,  of  course,  is  already  solved  by  the  Koepe  system, 
but  a  satisfactory  solution  for  the  case  of  the  ordinary  wide 
drum  lias  yet  to  be  found.  The  paper  contains  nothing  of  a 
very  startling  or  original  nature,  being  merely  an  attempt  to 
state  the  problem  in  the  simplest  possible  terms,  and  it  is  hoped 
that  it  may  thus  assist  students  and  practical  men. 

Let  A  —  the  angle  of  maximum  friction.  When  the  rope 
between  the  pulley  and  the  drum  lies  in  the  same  vertical  plane 
as  that  of  the  pulley,  there  is  no  lateral  friction.  This  line  of  no 
friction  will  hereafter  be  called  the  "  centre-line."  When  the 
rope  has  diverged  to  its  utmost  limit  from  the  centre-line,  it 
makes  an  angle  .4  with  that  line,  and  A  is  therefore  called  the 
angle  of  maximum  friction.  In  no  circumstances,  however,  need 
the  angle  A  exceed  3  degrees;  and  in  many  cases  it  need  not 
exceed  1  degree.  Hence,  since  the  range  of  A  does  not  exceed 
3  degrees,  it  may,  in  this  particular  case,  be  taken  as  practically 
true  that  the  tangent  of  the  angle  varies  as  the  angle  itself,  and 
the  use  of  those  trigonometrical  symbols  which  so  many  practical 
men  abhor  may  thus  be  avoided. 

During  the  wind  the  angle  of  friction  varies  from  zero  to  the 
maximum  angle  A.  Hence  the  mean  angle  of  friction  is  only 
half  of  A .  Nevertheless,  it  is  the  maximum  angle  only 
that  must  be  taken  into  account,  since  it  is  invariably  the 
same  portions  of  rope  which  suffer  from  its  influence  in  each 
successive  wind. 


214  THE  LATERAL  FRICTION  OF  WINDING-ROPES. 

Jt  has  been  proposed  to  reduce  the  angle  A  by  so  reducing  the 
width  of  the  drum  that  the  rope  is  obliged  to  "  mount  "  and  coil 
upon  itself  during  the  latter  half  of  the  wind.  Personally,  it 
appears  to  the  writer  that  the  proposed  remedy  cannot  be  applied 
without  at  the  same  time  introducing  additional  friction  which 
may  possibly  be  of  a  more  destructive  character  than  that  already 
due  to  the  existing  values  of  the  angle  A.  Moreover,  there  does 
not  seem  to  be  any  real  necessity  for  introducing  such  an  innova- 
tion. The  proposal,  however,  is  a  very  interesting  one,  and  it  is 
to  be  hoped  that  it  will  receive  attention  in  any  discussion  which 
may  follow  the  reading  of  this  paper.  Although  such  a  system 
has  I  teen  employed  in  the  Colonies,  the  estimation  of  the  cpiantity 
and  character  of  the  friction  likely  to  be  introduced  is  rendered 
difficult  by  want  of  the  necessary  data  to  form  any  approximate 
estimate.  Perhaps  some  of  the  members,  from  their  own  experi- 
ence, may  be  able  to  furnish  some  of  the  required  data,  which 
need  not  necessarily  be  gathered  from  actual  winding  plant  or 
apparatus. 

The  maximum  angle  .4,  however,  may  be  kept  at  its  lowest 
possible  value  by  so  attaching  the  rope  to  the  drum  that  it  lies 
truly  in  the  centre-line  when  the  cage  is  at  "  meetings,"  or  half- 
depth.  In  that  case,  the  lateral  travel  on  either  side  of  the 
centre-line  can  never  exceed  half  the  width  of  the  working  part 
of  the  drum.  In  any  other  case,  either  the  spread  of  the  rope, 
or  the  angle  A  of  maximum  friction,  will  be  greater.  In 
some  cases,  there  may  be  a  little  difficulty  attaching  to  the 
centering  of  the  rope  at  the  middle  point  of  the  wind:  but  it 
is  evident  that  this  difficulty  might  easily  be  overcome  by 
fitting  the  winding-drum — at  any  rate,  for  the  lower  portion 
of  the  wind — with  a  spiral  screw-tread,  which  would  guide 
the  rope  in  the  path  required  to  ensure  its  centering  itself 
at  the  middle  point  of  the  wind.  It  is,  of  course,  a  point  for 
debate  whether  such  a  spiral  screw-tread  would  afford  a  better, 
or  a  worse,  solution  of  the  difficulty  than  that  furnished  by  the 
proposal  to  over-coil  the  rope  on  a  drum  of  half  the  width. 
It  must,  however,  be  noted  the  "spiral  screw-tread"  here 
referred  to  is  not  a  grooved  tread.  In  the  formula?  about  to  be 
stated,  however,  it  is  assumed  that  the  rope  does  lie  truly  in  the 
centre-line  when  the  cages  are  at  meetings.  It  is  assumed, 
therefore,  that  the  angle  A  occurs  at  each  end  of  the  wind,  as  this 
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arrangement,  in  the  opinion  of  the  writer,  is  probably  the  better 
solution  of  the  difficulty. 

The  formula?  also  assume  that  the  normal  diameter  of  the  rope 
being  d  inches,  the  width  of  drum  occupied  by  each  coil  of  rope 
on  the  drum  will  be  1"1  d  inches.  That  is  to  say,  10  per  cent,  is 
allowed  for  spread  and  clearance  and  for  any  slight  flattening  of 
the  rope  which  may  occur  as  il  coils  on  the  drum  under  the  stress 
of  the  load. 

The  symbol  .1  has  already  been  defined  as  the  angle  of  maxi- 
mum friction,  and,  in  practice,  its  magnitude  will  probably  be 
found  to  he  not  less  than  1  degree  and  not  more  than  3  degrees. 
Its  purely  numerical  value,  therefore,  ranges  from  1  to  3.  Then, 
the  ropes  being  centered  at  "  meetings  " — . 

'_-ST, (»; 

where  H=  height  of  the  banking-level  above  the  onsetting-level ; 
L— length  of  the  rope  extending  from  the  pulley  to  the  drum; 
and  /?  =  ratio  of  the  drum  diameter  to  the  normal  diameter  of  the 
rope  (  =  from  110  to  150  in  practice). 

H  and  L  may  be  taken  in  any  units,  but  both  must  be  in 
similar  units. 

If  it  be  ordered  that  A  shall  not  exceed  a  given  predetermined 
numerical  value,  the  winding-engine  must  either  be  placed  at 
such  a  distance  from  the  pit  that — 

^  =  —  (2). 

AR w» 

or,  the  drum  must  be  of  such  a  diameter  that — 

h  ~  ~AL <"'■ 

That  is  to  say,  if  Z)  =  drum  diameter,  and  <7  =  rope  diameter, 
both  stated  in  similar  units,  the  following  formula  must  be 
taken  :  — 

D  =  d  X    AL <4)- 

The  width  of  drum  required  for  each  rope  is  W,  and — 

w  -  *  +  Mr) 

(5); 

where  #=the  additional  width  required  to  accommodate  the  two 
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or  three  spare  coils  of  rope  that  remain  on  the  drum  when  the 
cage  is  at  the  pit-bottom.  In  (5),  W ,  ,v,  and  H  (or  L)  must  all 
be  taken  in  the  same  units  (feet,  inches,  etc.). 

It  will  be  seen  by  (1)  that,  since  //  cannot  be  altered  for  a 
given  mine,  A  can  be  reduced  only  by  increasing  L  or  R,  or  both. 
There  is  a  practical  limit  to  the  permissible  value  of  L,  since  most 
managers  prefer  the  engineman  to  have  a  clear  view  of  the  bank- 
ing operations  and  the  cages.  Probably  L  may  legitimately  be 
extended  to  50  yards,  ami,  if  so,  any  reasonable  value  of  2?  will 
reduce  the  angle  A  of  maximum  friction  to  about  1|  degrees, 
even  in  the  case  of  the  deepest  British  coal-mines,  always  pro- 
vided that  the  ropes  are  so  adjusted  as  to  centre  themselves  at 
meetings.  In  the  case  of  the  shallower  mines,  the  lateral  friction 
should  be  quite  a  negligible  quantity. 

The  value  of  It  may  he  increased  in  either  or  both  of  two 
ways,  namely — the  diameter  of  the  drum  may  be  extended,  or 
the  diameter  of  the  rope  may  be  reduced,  say  by  substituting  a 
locked-coil  rope  of  equal  strength  but  smaller  diameter  in  place 
of  the  ordinary  type  of  rope  frequently  employed. 

Unfortunately,  however,  any  increase  of  the  drum  diameter 
magnifies  the  moment  of  the  load,  necessitating  bigger  engines, 
or  higher  steam-pressures,  if  the  engines  and  drums  are  coupled 
direct,  as  is  both  usual  and  advisable  where  the  load  is  large. 
The  writer  believes  that,  as  the  problem  of  electric  winding 
approaches  more  closely  to  its  complete  solution,  the  present 
necessary  connexion  of  the  bigger  engine  with  the  bigger  drum 
will  disappear,  owing  to  the  already  proved  and  increasingly 
manifest  superiority  which  electrical  systems  possess  in  the 
matter  of  elasticity. 

Several  attempts  have  been  made  to  minimize  or  destroy  the 
angle  A  by  drastic  rearrangements  of  the  winding  plant.  In 
one  of  these,  the  winding-engine  itself  has  a  lateral  movement 
that  keeps  the  rope  centered  during  the  whole  of  the  wind. 
Another  proposal  is  to  place  the  winding-engine  close  to  the  pit, 
take  the  rope  away  from  the  pit  to  a  distant  pulley,  pass  it  round 
this  distant  pulley,  and  then  back  to  the  winding-pulley  at  the 
pit-top.  By  this  means,  a  great  amount  of  lateral  friction  is 
avoided,  and  a  large  amount  of  extra  rope  must  be  scrapped  when 
it  reaches  the  age-limit  prescribed  by  law.  Mining  men  in  this 
country  have  not  taken  kindly  to  the  proposals  described,   any 
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more  than  they  have  hastened  to  adopt  the  foepe  or  even  the 
Whiting  systems,  which  certainly  minimize  lateral  friction. 
The  latest  proposal  is.  as  already  stated,  to  mount  and  overcoil 
the  rope  on  a   narrower  druru. 

One  wonders,  however,  whether  the  present  ordinary  every- 
day system  is  really  as  good  as  it  might  easily  be  made,  even 
apart  from  any  of  the  rather  drastic  innovations  which  have 
been  proposed.  Under  the  present  system  of  parallel  drums  with- 
out overcoil,  it  would  seem  that  (in  new  plants,  at  any  rate)  there 
is  no  real  necessity  that  the  angle  ^1  should  ever  exceed  11  degrees 
or  thereabouts,  even  at  the  deepest  pits. 

The  largest  new  undertaking  known  to  the  writer  is  one 
where  it  is  proposed  to  raise  12  tons  of  coal  per  wind  from  a  depth 
of  800  yards.  It  may  be  assumed  that  in  this  case  a  good  rope  of 
the  flattened-strand  type  and  3  inches  (approximately)  in  diam- 
eter will  be  sufficient  to  raise  the  load.  Taking  a  30-foot  drum, 
the  value  of  R  would  be — 

fi      *      30xJ2=120 

(I  6 

There  would  then  be  for  substitution  in  formula  (2)  /Z=800 
yards,  and  let  it  be  arranged  that  A  must  not  exceed  li  degrees. 
If  so,  formula  (2)  would  have  to  be  employed,  as  follows:  — 

10  H        10  x  800 

i 

2 

which  is  not  at  all  an  impracticable  distance,  whilst  1J  degrees 
of  friction-angle  cannot  be  called  an  exorbitant  maximum.     For 
lesser  loads  and  lesser  depths,  the  friction  angle  will  be  less. 
The  width  of  each  drum,  according  to  formula  (5)  will  be — 

1  H  7  x  2,400 

H    =  •''  +  207?  =  '  +    20  x  120  =  X  +  '• 

If  x  =  l,  this  will  allow  three  spare  coils  on  the  drum,  and 
W=l  +  7  =  8  feet. 

The  destructive  work  done  on  the  rope  cannot  be  calculated 
as  a  positive  quantity,  since  one  cannot  quote  any  precise  value 
of  the  coefficient  of  friction.  The  surfaces  in  contact  are  the 
sides  of  the  rope,  which  may  be  of  the  ordinary  kind,  or  of  the 
flattened-strand  type,  or  of  the  locked-coil  type.  The  coefficient 
of  friction,  even  for  the  same  angle  of  friction,  will  be  a  maxi- 
mum when  the  ordinary  type  of  rope  with  its  corrugated  sides' 
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L  =  AR=  120  x  H  =  44'4  yard8' 
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is  employed,  and  a  'minimum  when  a  locked-coil  rope  with  its 
very  much  smoother  sides  is  employed.  Hence,  a  most  important 
element  in  the  problem  of  lateral  friction  is  the  type  of  rope 
employed,  whether  the  relative  diameters  for  equal  strength,  or 
the  relative  roughnesses  of  their  sides,  be  considered. 

If,  however,  the  positive  quantity  of  destructive  work  done 
on  the  rope  by  lateral  friction  cannot  be  stated,  the  ratio  in  which 
the  friction  varies  with  the  angle  A  is  easily  determined.  A 
simple  calculation  will  prove  that  within  the  limits  of  4=1  and 
A  =  3  (or  even  up  to  .4  =  10)  the  friction  practically  varies  as  the 
square  of  the  angle,  if  other  factors  remain  the  same.  For 
example,  if,  with  a  given  value  of  L,  the  rope  is  in  the  centre- 
line at  the  beginning  of  the  wind,  the  destructive  work  of  the 
lateral  friction  will  be  four  times  as  great  as  it  would  have  been 
if  the  rope  had  been  centered  for  the  middle  of  the  wind. 

The  foregoing  results  may  be  collected  and  summarized  as 
follows  :  — 

(1)  Other  things  being  equal,  the  lateral  or  side  friction  will 
be  at  a  minimum  if  the  rope  lie  in  the  centre-line  at  the  middle 
point  of  the  wind. 

(2)  Other  things  being  equal,  the  lateral  friction  varies 
inversely  as  the  distance  L  intervening  between  the  pulley  and 
the  drum. 

(3)  Other  things  being  equal,  the  lateral  friction  varies  in- 
versely as  the  ratio  R  which  the  diameter  of  the  drum  bears  to 
the  diameter  of  the  rope.  The  magnitude  of  the  ratio  R  may  be 
augmented,  not  only  by  increasing  the  diameter  of  the  drum, 
but  also  by  decreasing  the  diameter  of  the  rope — that  is,  by 
using  only  the  best  material,  so  that  a  smaller  diameter  of  rope 
may  suffice  for  a  given  load. 

(4)  <  Ither  things  being  equal,  the  lateral  friction  varies  as  the 
square  of  the  angle  A  of  friction. 

(5)  Other  things  being  equal,  the  destructive  character  of  the 
lateral  friction  varies  with  the  roughness  of  the  rope;  hence, 
ropes  of  the  flattened-strand  and  locked-coil  types  suffer  less  than 
ropes  of  the  ordinary  type,  because  the  coefficient  of  friction  is 
less. 

(6)  It  is  also  obvious  that  the  lateral  friction  in  any  given 
case  will  be  very  much  less,  if  the  rope  be  kept  thoroughly  lubri- 
cated, than  it  can  possibly  be  if  this  point  be  even  partly 
neglected. 
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These  li  ilf-dozen  bald  .statements  probably  represent  as  much 
as  most  practical  men  have  yet  learned  about  the  subject  of 
Lateral  friction,  as  it  applies  in  the  case  of  winding-ropes.  It 
does  Dot  follow,  however,  that  all  practical  men  have  as  yet  fully 
appreciated  what  these  stale  statements  lead  to.  With  the  per- 
mission of  the  Council,  therefore,  the  writer  proposes,  at  an  early 
date,  to  submit  another  short  paper,  the  object  being  to  point 
out,  if  possible,  the  natural  remedy.  In  the  meantime,  the 
writer  will  be  obliged  if  members  will  criticize,  with  the  utmost 
freedom,  any  false  or  impracticable  position  which  may  have 
been  taken  up  in  the  present  paper. 


Mr.  J.  S.  Barnes  (Lincoln)  wrote  that  the  author's  deduc- 
tions from  the  formulae  quoted  were  based  on  incorrect  data.  For 
instance,  in  equation  (1)  as  the  factors  10  H  had  neither  practical 
nor  scientific  foundation,  the  remaining  transposition  of  the 
same  in  equations  (2)  to  (5)  inclusive  were  incorrect. 


tV/rtf/y/jg   J)rum 


Fig.  1.— Illustrating  Mr.  J.  S.  Barnes's  Remarks. 
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He  (Mr.   Barnes)  maintained  that   the    following    equations 
were  true,  and  using  the  letters  as  shown  in  Fig.  1  in  the  text, 
the  various  factors  were  as  under:  — 
P  P 

L  =  SinTZ  =  Co^4  =  B  Sec  A  =  P  CoSec  A  (1) 

for  the  top  rope  on  the  winding-drum  ;  and 

I  =  o~- =  ^ =  b  Sec  a  =  p  Cosec  a  (2) 

bin  a       Cos  a  1 

for  the  bottom  rope  on  the  drum. 

The  above  were  taken  when  looking  at  the  side  elevations. 

Tan  0  =  -j  for  the  top  rope  on  the  drum  (3) ; 

F 
and  Tan  G  =  -r  for  the  bottom  rope  on  the  drum.  (4). 

In  equations  (3)  and  (4)  L  and  /  slightly  varied,  on  account 
of  the  traverse  of  the  rope  on  the  drum  from  the  neutral  central 
line,  and  owing  to  the  ropes  bedding  themselves  in  the  winding- 
drum,  lagging,  and  the  vibration  and  oscillation  of  the  winding- 
rope  between  the  drum  and  the  pulley.  Irrespective  of  any 
variation  in  the  other  factors,  the  friction  laterally  between  the 
rope  coils  could  not  be  ascertained. 

The  line  of  ropes  was  shown  in  the  figure  as  coming  from  one 
side  of  the  drum,  whereas  one  rope  should  come  from  each  drum 
side,  but  this  did  not  affect  the  angles. 

With  reference  to  the  proposed  screw  arrangement,  he  (Mr. 
Barnes)  considered  that  it  would  not  be  of  much  service,  owing 
to  the  vibration,  etc.,  previously  mentioned. 

With  respect  to  the  angle  A  mentioned  in  the  paper,  large 
modern  colliery  practice  gave  a  good  guide  to  this  angle,  and 
should  not  be  departed  from  greatly,  otherwise  the  headgear 
pulley  flanges  would  quickly  wear  out,  smash,  and  cause 
accidents. 

With  regard  to  the  employment  of  narrower  drums  than  those 
used  at  the  present  time,  it  was  inadvisable  to  allow  the  rope  coil 
layers  to  work  one  on  the  other,  especially  in  the  case  of  heavy 
loads  and  deep  modern  collieries,  as  the  stress  would  be  severe, 
the  wear  of  the  rope  great,  and  the  coils  might  mount  and  drop 
over  the  drum  side  and  cause  serious  disasters. 

With  regard  to  the  suggestion  of  passing  the  rope  round  a. 
distant  pulley  and  then  on  to  the  winding-drum  near  the  pit- 
shaft,  this  was  inadvisable  on  account  of  the  extra  cost  of  a  heavy 
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structure  to  (airy  the  distant  pulley,  and  the  extra  stress  brought 
to  bear  on  the  back  stays  and  back  legs  of  the  headgear.  This 
stress  might  easily  cause  the  load  on  the  headgear  back  legs  to 
be  twice  tiic  load,  thus  necessitating  more  costly  and  heavier 
headgears,  stronger  foundations,  etc.,  than  existed  at  present. 

The  whole  subject  of  winding,  headgears,  ropes,  angles,  loads, 
etc.,  was  very  complicated.  lie  (Mr.  Barnes)  had  devoted  a  con- 
siderable amount  of  time  to  its  study,  and  had  had  a  large  and 
varied  experience  in  connexion  therewith.  He  was  convinced 
that  it  required  a  large  number  of  stress  diagrams  and  drawings 
and  BOOres  of  formulae  to  deal  with  the  subject  scientifically  in  a 
manner  which  was  applicable  to  practice,  and  this  could  only  be 
achieved  by  a  skilled  scientist,  designer,  and  mining  engineer 
of  mature  experience  in  practical  work  in  connexion  with  large 
modern  collieries. 

Mr.  T.  A.  Southern  (Cardiff)  wrote  that  he  thought  some 
of  the  "  students  and  practical  men,"  for  whose  benefit  Mr. 
Halbaum  had  stated  that  the  paper  was  specially  intended, 
would  like  the  author  to  show  them  the  factors  which  resolved 
into  the  simple  constants  in  the  formula?  numbered  (1)  to  (5). 
"  Seeing  was  believing,"  and  some  would  doubtless  like  to  have 
the  opportunity  of  verifying  these  simple  formulae,  and,  at  the 
same  time,  of  saving  even  the  little  trouble  of  setting  out  the  full- 
length  calculation  needed  for  that  purpose.  He  also  thought 
that  they  would  like  Mr.  Halbaum  to  set  out  the  "  simple 
calculation  "  which  would  prove  that  the  destructive  character 
of  the  lateral  friction  varied  as  the  square  of  the  angle  A. 

With  respect  to  the  new  undertaking  (mentioned  by  the 
author  of  the  paper),  where  12  tons  per  wind  were  to  be  raised 
from  a  depth  of  800  yards,  this  statement  evidently  referred  to 
the  new  Cwm  Colliery  of  the  Great  "Western  Colliery  Company, 
Pontypridd,  and  he  hoped  Mr.  Bramwell,  who  had  so  success- 
fully carried  out  that  big  undertaking,  would  favour  the  mem- 
bers with  a  paper  describing  the  principal  features  of  the  plant 
that  he  had  designed  for  that  colliery.  The  problems  to  be 
solved  in  that  case  were  considerable,  and  a  description  of  the 
manner  in  which  Mr  Bramwell  had  dealt  with  them  could  not  fail 
to  be  most  instructive.  He  (Mr.  Southern)  understood  that 
neither  a  3-inch  rope  nor  a  30-foot  drum  would  be  used.  In 
making  that  estimate,   Mr.  Halbaum  appeared  to  have  adopted 
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the  usual  formulas  of  the  text-books,  which  invariably  recom- 
mended a  factor  of  safety  commensurate  with  that  apparently 
used  by  Mr.  Halbaum.  Personally,  he  (Mr.  Southern)  was  not 
disposed  to  follow  blindly  the  time-honoured  rules  of  the  text- 
books, and  he  was  quite  certain  that  Mr.  Halbaum  was  still  less 
inclined  to  do  so.  Whether  the  author  of  the  paper  had  adopted 
the  customary  high  safety-factor  in  this  case,  either  with  the 
view  of  evading  or  of  provoking  criticism,  or  because  in  this 
particular  instance  he  happened  to  agree  with  it,  he  (Mr. 
Southern)  did  not  know,  but  the  illustration  cited  would  have 
been  more  convincing  if  its  safety-factor  had  been  viewed  from 
other  standpoints.  At  all  events,  that  course  appeared  to  be 
desirable  when  the  object  in  view  was  to  elucidate  the  subject  to 
"students  and  practical  men." 

He  understood  that,  in  the  particular  case  mentioned,  having 
regard  to  the  low  cage  speed  of  about  30  feet  per  second,  and  after 
taking  into  consideration  the  smooth  running  and  perfect  control 
attained  by  the  use  of  an  electric  winder,  it  had  been  decided  to 
adopt  a  safety-factor  of  about  7,  in  lieu  of  the  customary  9  or  10. 
A  further  reason  which  had  been  advanced  by  Mr.  Bramwell  was 
that  with  so  big  a  dead  load  there  would  still  be  a  much  larger 
absolute  margin  of  strength  than  usual,  although  a  smaller  rela- 
tive margin.  Thus  a  dead  load  of  20  tons  and  a  safety-factor  of 
9  gave  a  margin  of  160  tons,  whilst  with  a  dead  load  of  40  tons 
and  a  safety-factor  of  7  the  margin  would  be  240  tons.  The 
reasons  first  mentioned,  namely,  slower  speed  and  freedom  from 
jerks,  seemed  to  be  the  stronger  justification  for  adopting  the 
lower  safety-factor.  He  understood  that  the  gross  dead  load  in 
this  winding  would  be  about  35  tons  (including  the  weight  of  the 
rope),  that  the  rope  would  be  Lang's  lay,  about  2\  inches  in 
diameter,  and  that  the  drum  would  be  18  feet  in  diameter  (ratio 
96:1),  having  a  grooved  barrel,  with  only  a  few  spiral  coils  at 
the  beginning  of  the  wind,  and  overlapping  several  coils  at  the 
end  of  the  wind. 

He  thought  that  Mr.  Halbaum  would  add  to  the  value  of  the 
paper  if  he  explained  the  manner  of  "  fitting  a  winding-drum 
with  a  spiral  screw-tread  " — as  distinct  from  a  grooved  tread — 
to  control  the  coiling  of  the  rope  during  the  first  half  of  the  wind, 
in  order  to  counteract  its  tendency  to  "  run  wild  "  along  the 
drum  barrel,  which  tendency  was  inevitable  if  the  pulley  was 
placed  in  line  with  the  central  coil  of  the  wind. 
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There  were  obvious  drawbacks  to  placing  the  winding-drum 

at  such  a  distance  from  the  pulleys  as  would  be  necessary  in  the 
case  of  a  deep  shaft  and  thick  rope,  in  order  to  limit  the  angle  A 
to  1  degree — or  even  to  3  degrees — for  the  purpose  of  minimizing 
lateral  fri',ction,:  and  he  thought  that,  both  for  new  and  for 
existing  plants,  more  attention  should  be  given  to  the  mechanic- 
ally controlled  coiling  of  winding-ropes.  This  system  had  been 
in  successful  use  for  many  years  at  a  few  mines  where  "  necessity 
had  been  the  mother  of  its  invention,"  or  rather  of  its  adoption- — 
for  example,  where  round  ropes  had  been  substituted  for  flat  ropes 
with  the  engine  situated  very  close  to  the  shaft.  He  referred  to 
the  simple  device  in  which  the  rope  passed  between  two  small 
guide-pulleys  mounted  on  a  carrier  close  to  the  drum,  traversed 
to  and  fro  by  a  long  square-threaded  revolving  rod  that  was 
actuated  by  the  engine,  and  so  geared  that  the  rope  was  served 
on  to  the  drum  with  merely  a  minimum  of  clearance  between  the 
coils. 

A  pair  of  fixed  guide-pulleys  for  each  rope,  and  mounted  on 
the  headgear  would  do  away  with  all  lateral  friction  on  the 
flanges  of  the  pulley-wheels.  He  had  heard  it  stated  as  an  objec- 
tion that  these  would  put  a  severe  twisting  stress  on  the  head- 
gear ;  but,  as  these  guide  pulleys  were  fixed  as  close  as  practicable 
to  where  the  rope  left  the  pulley-wheel  tread,  it  was  evident  that 
the  twist  Mould  be  practically  the  same  as  that  which  otherwise 
resulted  from  the  lateral  pressure  of  the  rope  against  the  pulley- 
wheel  flanges. 

On  the  one  hand,  even  if  all  the  guide-pulleys  were  only 
about  1  foot  in  diameter  (and  they  need  not  be  larger  for  a 
maximum  bend  of,  say,  3  or  4  degrees),  and  if,  on  the  other  hand, 
the  angle  of  convergence  or  potential  overlapping  were  acute — 
even  if  it  were  only  1  degree — the  rolling  contact  with  guide- 
pulleys,  in  the  one  case,  was  infinitely  less  destructive  to  the 
rope  (besides  being  smoother,  safer,  and  more  workmanlike)  than 
the  wearing  chafing  friction  which,  in  the  other  case,  was  con- 
tinually active  where  the  on-coming  rope  depended  upon  the 
previous  coil  to  deflect  it  into  line  on  the  drum,  and  the  off-going 
rope  similarly  scrubbed  against  the  adjacent  coil. 

He  ventured  to  suggest  that  in  mechanically-controlled  coil- 
ing would  often,  perhaps  always,  be  found  the  best  and  simplest 
remedy  for  lateral  friction  of  winding-ropes. 
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Mr.  Hugh  Bkamwell  (Pontypridd)  wrote  that  the  formula? 
put  forward  by  Mr.  Halbaum  expressed  usefully  the  relations 
between  ihe  drum  and  rope  diameters,  the  length  of  the  lead, 
and  other  factors  entering1  into  the  question  which  he  discussed. 
In  order  to  use  such  formulae,  it  was  necessary  in  the  first 
place  to  adopt  one  or  two  limiting  conditions  from  practice,  and 
attention  was  drawn  to  these. 

Mr.  Halbaum  was  apparently  inclined  to  put  the  maximum 
permissible  lateral  angle  A  at  3  degrees.  This  was  much  in 
excess  of  usual  practice,  which  generally  limited  this  angle  to 
2  degrees  as  an  outside  figure.  In  one  case  within  the  writer's 
experience  where  2  degrees  had  been  exceeded,  the  lateral  wear 
on  the  ropes  (locked-coil)  was  material,  and  was  in  fact  the 
governing  feature  in  their  life.  It  would  seem,  therefore,  that 
to  provide  for  so  wide  a  lateral  angle  as  3  degrees  would  entail 
serious  wear  on  the  ropes  and  much  anxiety  as  to  their  reliability. 
Mr.  Halbaum  also  adopted  a  ratio  of  rope  and  drum  diameter 
of  110  to  150.  This  might  represent  normal  practice  in  the  past, 
but  in  recent  installations,  particularly  in  the  deeper  mines,  a 
much  lower  proportion  had  frequently  been  adopted,  with  quite 
satisfactory  results. 

Mr.  Halbaum  deprecated  overlapping  the  rope,  and  in  an 
example  given  (12  tons,  coal,  800  yards)  had  pointed  out  that  a 
30-foot  drum,  placed  133  feet  from  the  pulley,  would  carry  the 
rope  required  on  an  8-foot  lateral  spread,  with  an  angle  not 
exceeding  lh  degrees.  This  might  be  so,  but  the  object  of  over- 
lapping the  rope  was  to  reduce  the  size  of  the  drum,  and  in  the 
example  given  the  choice  lay  between  a  30-foot  diameter  drum, 
weighing  with  its  shaft  some  150  tons,  and  no  overlapping,  and 
a  drum  little  more  than  half  that  diameter,  weighing  much  less, 
wil  li  overlapping. 

He  (Mr.  Bramwell)  had  had  some  years'  experience  with 
overlapping  winding-ropes,  and  was  of  opinion  that  there  was 
less  rope  wear  when  there  was  overlapping  with  a  lateral  angle  of 
1  degree  than  with  no  overlapping  and  a  lateral  angle  of  2 
degrees;  also  that  the  economic  advantages  of:  the  small  drum 
quite  overshadowed  the  question  of  a  somewhat  increased  wear  on 
the  rope. 

When  arrangements  were  being  devised  to  overlap  a  winding- 
rope,  there  were  certain  practical  limitations  that  must  be  con- 
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sidered,  ([iiite  irrespective  of  rope  wear.     These  were  radical  in 
their  nature,  it  being  a  question  in  each  case  whether  overlapping 

would    work    properly,    or   would    noi    work,    under    the    given 
conditions. 

Mr.  G.  G.  T.  Poole  (Blackhill)  wrote  that  Mr.  Halhaum  had 
stated,  with  reference  to  the  maximum  angle  of  friction  A, 
that  "  in  no  circumstances,  however,  need  the  angle  A  exceed  3 
degrees."  This  seemed  rather  a  large  angle  to  allow,  and  it 
would  he  interesting  to  know  whether  this  angle  was  ever  reached 
in  practice.  Personally,  he  had  found,  when  designing  winding- 
engines,  that  the  angle  usually  adopted  was  from  1  in  38  to  1  in 
33,  namely,  1\  to  1|  degrees. 

If  the  angle  of  3  degrees  were  reached,  as  might  he  the  case 
when  winding  was  conducted  from  a  great  depth  with  a  cylind- 
rical drum  and  using  a  single  layer  of  rope,  a  wide  drum 
woud  he  necessary  :  and,  as  a  wide  drum  usually  required  at  least 
one  central  spider  for  supporting  the  drum-shell,  its  weight 
would  thereby  he  increased,  and  possibly  nullify  any  advantage 
that  might  be  obtained  by  using  only  a  single  layer  of  rope.  If, 
however,  a  narrower  drum  were  used,  and  the  angle  A  kept 
within  the  lh  degrees,  a  double  layer  of  rope  would  be  neces- 
sary; and,  although  this  would  mean  additional  friction  on  the 
rope,  yet  it  was  doubtful  whether  this  additional  friction  would 
seriously  injure  the  life  of  the  rope.  The  most  serious  damage 
would  occur  at  the  end  of  the  drum  where  one  rope  "  mounted  " 
on  to  the  other,  and,  in  order  to  prevent  the  rope  from  "  jumping  " 
at  this  point,  a  groove  should  be  made  at  the  end  of  the  drum 
so  as  to  "lead"  the  rope  from  one  layer  to  another.  Another 
point  which  must  be  considered  was  that  with  two  or  more  layers 
of  rope  the  drum-shell  would  be  subjected  to  an  increased  com- 
pressive strain,  and  consequently  extra  strength  must  be  given 
to  the  drum  to  resist  this  strain. 

As.  however,  it  was  usual  to  employ  conical  or  cylindro- 
conical  drums  for  winding  from  great  depths,  it  would  be  very 
seldom  that  the  angle  A  reached  3  degrees  ;  but,  if  this  angle 
should  be  reached  or  exceeded,  then  either  the  distance  from  the 
pulley  to  the  drum  or  the  diameter  of  the  drum  must  be  increased 
in  order  to  reduce  the  angle.  It  was  doubtful  whether  by  using 
a  stronger  rope,  thus  reducing  the  diameter  of  the  rope,  a 
sufficient  advantage  would  be  obtained  to  give  the  required 
reduction  in  the  angle. 
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Mr.  John  Stoney  (Tyldesley)  wrote  tliat  Mr.  Halbauni  had 
raised  the  point  whether  it  was  advantageous  to  adopt  the 
system  of  "  mounting-  "  and  of  allowing1  the  rope  to  coil  upon  itself 
in  order  to  reduce  the  angle  of  friction.  The  points  against  this 
method  were  that  the  rope  would  be  damaged  at  the  point  of 
mount,  for,  in  addition  to  the  usual  lateral  friction,  the  element 
of  rope  at  the  mount  would  be  subjected  to  an  impulsive  load  due 
to  the  mount,  and,  on  account  of  its  taking  place  in  so  short  a 
period  of  time,  it  would  be  as  though  the  rope  had  been  struck, 
thus  disarranging  the  strands  at  the  point  and  also  those  under- 
neath upon  which  it  was  lapping.  There  would  also  be  a  practical 
difficulty  in  decking  at  both  top  and  bottom  of  the  mine  at  the 
same  time  in  a  mine  where  there  were  no  cage-rests.  In  decking 
the  cage  at  the  top  of  the  mine,  the  rope  for  this  cage  being  on 
the  bigger  diameter  of  the  drum,  the  drum  would  not  turn 
through  so  great  an  arc  as  was  required  to  deck  for  the  bottom 
cage ;  hence,  although  one  might  be  able  to  deck  correctly  for  the 
first  deck,  there  might  be  as  much  as  2  or  3  inches  out  for  the  last 
deck.  In  addition,  the  rope  might  not  coil  itself  evenly  on  the 
rope  already  on  the  drum,  for  it  was  known  that  when  a  rope 
had  attempted  to  mount,  or  had  mounted,  it  had  jumped  over  two 
or  more  laps  where  the  rope  should  ordinarily  have  lapped.  The 
overlapping  would  also  give  additional  friction  and  pressure  to 
the  rope  underneath. 

A  point  which  Mr.  Halbaum  had  omitted  was  in  regard 
to  friction  in  the  pulleys  over  the  shaft.  It  was  known  that  at 
whatever  angle  the  rope  was  meeting  the  normal  to  the  drum,  it 
was  meeting  the  plane  of  the  pulley  with  the  same  deviation ; 
consequently,  there  was  friction  to  contend  with,  which,  as 
in  the  case  of  the  rope  entering  on  the  drum,  increased  with 
the  angle.  It  was  also  known  that  the  rope  attempted  to 
ride  up  the  flange  for  a  short  distance,  and  was  thrust  into  position 
in  the  pulley  as  on  the  drum.  It  might  be  observed  that  in  a 
working  pulley  the  surface  was  bright  for  a  distance  of  three- 
eighths  of  the  diameter  of  the  rope. 

With  respect  to  the  positive  measurement  of  friction,  he 
submitted  that  the  co-efficient  of  friction  for  the  surfaces  in 
contact  could  be  experimentally  obtained;  and,  as  the  load  could 
be  obtained,  the  total  friction  at  the  point  of  the  wind  taken  into 
account  could  be  calculated  as  follows: — - 
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L  *\ 


Let  .1     the  angle  made  by  the  rope  entering  on  the  drum  to 
iho  normal. 

L=th.e  load  on  the  rope  at  the  point  in  account. 
T  =  the  lateral  thrust  on  the  entering  element  of  the  rope. 
Then,  as  will  be  seen  from   Fig.  2 

r=tangent  of  A  degrees,  equal  to,  say.  the  angle  in 

radian,  for  such  a  small  angle. 

Hence  T  was  equal  to  the  load  multiplied  by 
the  angle,  and  if  this  7',  obtained  as  above,  was 
multiplied  by  the  co-efficient  of  friction,  the  fric- 
tion at  the  point  in  question  would  be  obtained. 

With  regard  to  the  variable  load  on  the  rope, 
there  were  other  factors  which  contributed  to  or 
from  the  load  on  the  rope  besides  the  dead  load 
at  the  point  in  question.  On  the  descending  side 
there  was  an  acceleration  to,  say,  the  meetings,  and 
the  force  necessary  to  give  this  increase  of  speed 
must  be  subtracted  from  the  dead  load  at  the  point 
in  question  in  order  to  arrive  at  the  net  load  on  the 
rope. 

The  brakes  were  next  applied,  and  a  harmonic 
action  was  set  up,  the  cage  oscillating  like  a 
weight  hanging  on  a  stiff  spring.  The  load 
(gross)  here  was  the  dead  load  of  the  cage  and  contents,  plus 
the  resistance  of  the  brakes,  plus  the  weight  of  the  rope  from 
the  pit-bank  to  the  cage,  plus  the  force  at  the  end  of  one  of  the 
vibrations.  These  forces  when  joined  gave  the  lash  in  the  rope. 
It  would  be  noticed  that  when  this  maximum  load  came  to  the 
rope,  the  maximum  angle  required  to  give  the  friction  at  the 
pulleys  was  being  arrived  at.  It  might  then  be  assumed  that  this 
element  of  rope  had  the  most  work  to  do.  On  the  ascending  side 
the  forces  were  opposite  in  sense  from  those  on  the  descending  side. 
It  would  be  noticed  from  the  foregoing  statement  that  he  had 
mentioned  that  the  maximum  load  occurred  on  the  descending 
side  about  three-quarters  of  the  way  down,  which  was  opposite  to 
what  many  mining  students  considered  to  be  the  case;  but  it 
represented  what  was  obtained  experimentally  when  a  loaded 
cage  was  descending. 

With  respect  to  the  manner  of  obtaining  a  truthful  record  of 


Fig.  2. — Illus- 
trating Mr. 
John  Stoney's 
Remarks. 
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the  stresses  on  a  rope,  it  would  well  repay  mining'  engineers  to 
ascertain  what  really  happened  to  a  rope  in  the  course  of  winding, 
in  such  a  manner  a*  to  be  obvious  to  the  unscientifically  trained 
winder  what  was  happening  to  his  ropes  at  any  point  of  a  wind. 
This  might  be  done  in  such  a  manner  as  to  represent  a  "  picture- 
view  "  of  the  stresses.  If  these  picture-views  were  obtained  and 
given  to  the  winders,  they  would  have  an  exact  knowledge  of 
what  to  expect  in  the  course  of  a  wind. 

In  the  paper  by  Mr.  Joseph  Hindley  and  himself*  a  method 
was  quoted  whereby  a  correct  knowledge  of  the  stresses  that 
came  on  a  rope  might  be  obtained,  and  since  this  was  the  import- 
ant factor  from  which  to  calculate  friction  and  other  wear,  and 
determined  the  life  of  the  rope,  he  would  suggest  that  The  Institu- 
tioii  of  Mining  Engineers  should  carry  out  the  experiment 
in  principle  as  proposed  in  that  paper,  but  with  rearranged 
apparatus,  for  the  purpose  or  giving  details  to  suit  conveniences. 

Prof.  Henry  Louis  (Armstrong  College,  Newcastle-upon- 
Tyne)  said  that  he  wished  to  discuss  Mr.  Halbaum's  paper  at  the 
earliest  opportunity,  because  either  he  had  quite  misunderstood 
Mr.  Halbaum,  in  which  case  he  had  no  doubt  that  that  gentleman 
would  put  him  right,  or  else  the  paper  contained  a  fundamental 
error  of  principle  which  vitiated  its  conclusions.  He  under- 
stood Mr.  Halbaum  to  confine  himself  to  the  discussion  of  the 
"  lateral  friction  encountered  by  a  winding-rope  as  it  travels  from 
one  side  of  the  drum  to  the  other  "  due  solely  to  "  the  surfaces  in 
contact,"  which  are  "  the  sides  of  the  rope,"  to  use  Mr.  Halbaum's 
own  words;  or,  in  other  words,  to  the  friction  of  the  rope  against 
itself  as  it  wound  on  or  unwound  from  the  winding-drum,  and  he 
proposed  to  limit  his  observations  strictly  to  this  one  form  of 
frictional  resistance. 

Fig.  3  was  a  plan — strictly  a  plan  in  the  plane  of  the  winding- 
rope — or  a  drum,  namely,  that  portion  of  an  ordinary  cylindrical 
winding-drum  that  was  occupied  by  one  of  the  ropes  (half  of  the 
entire  drum),  the  proportions  of  which  were  distorted  for  the 
sake  of  clearness.  Let  the  rope  lead  off  the  drum  at  X  when  the 
cage  w;is  at  the  top  of  the  wind,  and  at  Y  at  the  bottom.  Let  K 
lie  the  median  point  of  the  wind,  and  P  the  pit-head  pulley  over 

*  See  '  Stresses  on  Winding-  and  Conducting-ropes,  as  Used  in  Mine-shafts," 
by  Joseph  Hindley  and  John  Stoney,  Trans,  hint.  M.  E.,  1908,  vol.  xxxvi., 
page  '286. 
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which  the  rope  passed,  which  was  drawn,  as  Mr.  Halhaum  said 
ii  should  be,  opposite  the  median  point  of  the  wind.  Then  the 
rope  as  it  unwound  from  the  drum  travelled  laterally  from  .V  to 
>".  and  according  to  Mr.  Halhaum  set  up  friction  against  itself 
whilst  travelling  this  distance.  He  (Prof.  Louis)  need  hardly 
repeat  the  axiom  that  where  there  was  no  pressure  there  was  no 
friction,  and  it  was  quite  obvious  that  whilst  the  rope  was  un- 
winding- and  passing  from  A'  to  A',  the  component  of  the  pull  of 
i  tic  rope  that  acted  from  A'  towards  A'  was  pressing  against  the 
next  coil  and  was  setting  up  friction  ;  hut  at  the  moment  when  the 
rope  had  passed  the  point  A',  it  was  pulling  away  from  the  next 
coil — there  was  no  lateral  thrust,  and  hence  the  lateral  friction 
was  zero.  The  same  held  good,  of  course,  in  the  upward  wind. 
Therefore  Mr.  Halhaum  was  wrong  in  asserting  that  "  lateral  or 
side  friction  will  be  at  a  minimum  if  the  rope  lie  in  the  centre-line 


Fie.  3. — Illustrating  Prof.  Henry  Louis's  Remarks. 


at  the  middle  point  of  the  wind."  It  was  a  minimum,  and  would 
in  fact  become  zero,  if  the  pulley  were  situated  at  some  point 
such  as  Q,  so  that  the  rope  was  always  leading  away  from  the 
next  coil  and  never  pressing  upon  it.  This  was  an  obvious 
"natural  remedy"  for  lateral  rope  friction.  It  need  hardly 
be  said  that  he  (Prof.  Louis)  did  not  advocate  this  system  of 
design  of  drums  and  pulleys,  as  it  would  introduce  evils  far 
greater  than  the  evil  which  it  did  undoubtedly  cure.  His  own 
view  was  that  in  all  probability  the  lateral  friction  here  discussed 
was  among  the  less  important  of  the  various  frictional  losses  set 
up  in  winding,  although  he  could  not  assert  positively  that  such 
was  the  case.  It  would  only  be  possible  to  treat  this  subject 
seriously  when  data  for  calculating  the  internal  friction  of  a 
wire  rope  were  arrived  at,  and  when  the  co-efficient  of  external 
rope  friction  shall  have  been  determined  experimentally. 
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Mr.  G.  W.  Westgarth  (Cardiff)  said  that  there  were  one  or 
two  points  arising  out  of  the  paper  on  which  he  would  like  to 
make  a  few  observations.  The  first  point,  he  thought,  involved 
a  question  of  etiquette.  Mr.  Halbaum  in  the  first  paragraph  of 
his  paper  made  the  statement  that  "  the  problem,  of  course,  is 
already  solved  by  the  Kcepe  system,  but  a  satisfactory  solution 
for  the  case  of  the  ordinary  wide  drum  has  yet  to  be  found."  He 
was  very  sorry  that  he  was  obliged  to  disagree  with  the  writer 
on  that  point,  as  he  had  evidently  overlooked  or  not  seen  the 
paper  which  he  (Mr.  Westgarth)  had  the  pleasure  of  communicat- 
ing to  the  South  Wales  Institute  of  Engineers  in  1899  "  On  the 
Relative  Positions  of  Drums  and  Pulleys  in  Winding  Arrange- 
ments.**'* That  paper,  as  its  title  indicated,  was  written  for  the 
purpose  of  analysing  the  winding  conditions  as  they  then  existed, 
and  of  deducing  certain  economic  factors.  The  paper  was  sug- 
gested to  his  mind  by  a  certain  eminent  mining  engineer  who 
knew  that  he  (Mr.  Westgarth)  was  interested  in  the  subject,  and 
desired  him  to  specify  the  best  "  lead."  as  he  then  called  it,  for  a 
winding-rope  to  work  with  a  given  load  from  a  depth  of  about  700 
yards,  as  he  had  then  been  unable  to  find  any  information  on  that 
point  in  any  of  the  mining  manuals.  It  then  occurred  to  him 
(Mr.  Westgarth)  that  before  a  reliable  answer  could  be  given  to 
such  a  question  it  was  necessary  to  ascertain  under  what  con- 
ditions the  best  result  had  been  obtained  from  winding-ropes. 
He  therefore  collected  and  tabulated  the  actual  working  con- 
ditions as  they  then  existed  at  thirteen  collieries,  which  varied 
in  depth  from  230  to  about  700  yards  (see  Table). t  From  the 
data  which  he  collected  he  ascertained  that  the  best  result  had 
been  obtained  from  winding-ropes  where  the  conditions  showed 
an  average  angle  of  1  degree  51  minutes.  That  angle  he  then 
suggested  as  the  economic  lateral  angle  which  might  be  adopted 
for  winding  purposes.  Fig.  4t  indicated  the  value  of  this  angle 
in  inches,  so  that  the  economic  size  of  the  drum  could  also  be 
ascertained  for  any  depth  down  to  1,200  yards. 

With  regard  to  the  points  arising  out  of  the  present  paper,  the 
author  in  submitting  his  formulae  suggested  that  the  lateral  angle 
might  vary  from  1  to  3  degrees,  and  that  the  result  of  the  formulae 
would   depend    upon   the   particular   angle    that    might    be   pre- 

*  Proceedings  of  The  South  Wales  Institute  of  Engineers,  1S99,  vol.  xxi., 
page  340. 

t  Reproduced  by  permission  of  the  Council  of  the  South  Wales  Institute  of 
Engineers. 
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determined.  It  might  therefore  be  inferred  that,  in  working  out 
tin-  second  formula,  if  3  degrees  were  substituted  for  lh  degrees, 
the  value  of  L  would  be  22*2  yards,  and  if  1  degree  were  substi- 
tuted for  \\  degrees,  then  the  value  of  L  would  be  <>ti(i  yards.  If 
he  (Mr.  Westgarth)  was  correct  on  thai  point,  lie  had  no  hesitation 
in  saying  that  the  former  lead  would  to  too  short,  and  the  latter 
lead  would  be  too  great,  for  a  pit  SIM)  yards  in  depth,  and  in  his 
opinion  satisfactory  winding  (that  was,  coiling  of  the  lope  with- 
out abnormal  lateral  friction)  could  only  be  obtained  from  a 
certain  definite  angle  which  might  be  called  the  "  economic 
lateral  angle."      Where  the  lateral   angle  was  too   small,   there 

YARDS 


Fig.  4. —Illustrating  Mr.  G.    W.  Westgarth's  Remarks. 

was  an  excessive  lead  or  an  excessive  length  of  rope  in  suspen- 
sion between  the  drum  and  the  pulley,  and  under  such  conditions 
there  was  a  continual  bending  movement  which  rapidly  destroyed 
the  wires  at  the  point  of  contact  with  the  drum  and  pulley.  On 
the  other  hand,  if  the  lateral  angle  exceeded  1  degree  51  minutes, 
there  was  abnormal  lateral  friction,  and  the  life  of  the  rope  was 
reduced  proportionately.  It  therefore  followed  that  it  wa^s  of  the 
utmost  importance  that  the  economic  maximum  lateral  angle 
should  be  fixed,  and  not  be  variable  as  between  1  and  3  degrees. 

With  regard  to  the  author's  proposal  to  attach  the  ropes  to 
the  drum,  so  that  they  would  both  lie  truly  in  the  centre-line  when 
the  cages  were  at  half  the  winding  depth,  it  occurred  to  him  that 
this  would  only  be  possible  where  the  two  rope-centres  in  the 
pit-shaft,  or  wdiere  the  distances  between  the  two  vertical  planes 
in  which  the  pulleys  revolved,  were  equal  to  the  maximum  lateral 
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angle  traversed  by  both  ropes.    As  these  were  factors  which  were 
invariably  determined  by  the  diameter  of  the  pit-shaft,  and  other 
local  conditions,  it  would  be  interesting  to  know  how  such  an 
arrangement  would  affect  these  conditions.     By  such  an  arrange- 
ment, certainly  some  mechanical  means  would  have  to  be  adopted 
in  order  to  control  the  coiling  of  the  rope  while  winding  from  the 
lower  half  of  the  winding  depth,   otherwise,   in  the  case  of  a 
cylindrical   drum,    coiling   space   would   be   wasted,    and   conse- 
quently the  drum  shaft  would  have  to  be  extended ;  or,  if  a  spiral 
screw  tread  were  adopted,  as  the  writer  had  suggested,  the  value 
of  R  might  be  reduced  from  120  to  60,  and  the  bending-strains 
upon  the  rope  would  vary  with  the  several  radii  of  the  spiral 
screw-tread.     Further,  in  his  (Mr.  TVestgarth's)  opinion,  it  did 
not  follow  that  if  the  rop^s  were  centred  to  the  meeting  of  the 
cages  that  the  friction  on  either  side  of  the  centre-line  would  be 
equal  or  comparable,  because  the  lateral  friction  as  defined  by  the 
author  of  the  paper,   namely,   the   friction  of  one  coil   of   rope 
against  another,  would  not  exist  during  the  winding  from  the 
lower  half  of  the  winding  depth,   owing  to  the  fact  that  each 
successive  coil  travelled  in  the  direction  of  the  plane  of  tension 
or  towards  the  centre-line,  instead  of  being  opposite  to  it  as  it  was 
during  the   upper   half  of   the   winding  depth.     It   was   during 
the  upper  half   of    the   winding   depth   that   the    rope   with    its 
load  had  to  be  deflected  to  the  extent  of  the  lateral  angle  and  the 
lateral  friction  increased  with  each  coil.     Although  the  load  was 
augmented  slightly  by  this  deflection,  unless  a  counterbalance- 
rope  was  adopted,   the  load  during  the  lower  half  of  the  wind 
must  be,  in  many  cases,  fully  30  per  cent,  more  than  the  load 
during  the  upper  half  of  the  wind  where  the   rope  ran  to   its 
maximum  angle. 

Taking  as  an  example  a  shaft  800  yards  in  depth  (as  suggested 
by  the  author),  with  a  flattened  strand  rope  3  inches  in  diameter, 
he  estimated  that  the  difference  between  the  load  at  the  starting 
and  at  the  finishing-points,  due  to  the  weight  of  the  rope  alone, 
would  be  approximately  10  tons ;  or,  if  a  locked-coil  rope  3  inches 
in  diameter  were  adopted,  the  difference  would  be  approximately 
22  Ions.  He  desired  to  suggest  that  these  weights  were  in  such 
relationship  to  the  useful  load  of  12  tons  that  any  advantage 
which  could  be  gained  by  their  adoption  in  respect  of  the  lateral 
angle  was  not  only  negligible,  but  a  serious  disadvantage,  and 
the  inference  was  that  in  laving'  out  winding  arrangements  it  was 
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most  desirable  thai  the  Lateral  angle  should  be  arranged  for  the 
adoption  of  such  a  rope  that  its  weight  would  bear  a  more 
economic  relationship  to  its  useful  load. 

The  following-  example  might  be  of  interest  on  that  point:  — 
At  a  certain  colliery  two  locked-coil  ropes,  each  860  yards  in 
length,  5  inches  in  circumference,  and  weighing  7  tons  7  cwts. 
each,  were  replaced  by  two  ropes  of  another  type  (West  garth  core), 
ef  the  same  length  and  size,  weighing  5  tons  5  cwts.  each,  so  that 
the  maximum  load  of  each  rope  was  reduced  by  about  2  tons  2 
■cwts.  Of  course,  it  was  not  suggested  that  the  breaking-strains  of 
the  ropes  were  the  same  in  each  case,  nor  was  that  necessary, 
because  for  every  ton  in  the  reduction  of  the  load  the  breaking- 
strain  of  the  rope  could  be  reduced  by  8  or  10  times,  according  to 
the  factor  of  safety  required. 

With  regard  to  the  method  of  allowing  the  rope  to  mount  and 
coil  upon  itself  during  the  latter  half  of  the  wind,  for  the  pur- 
pose of  reducing  the  lateral  angle,  there  were  several  examples 
of  this  method  in  use  where  the  damage  to  the  rope  was  not 
sufficient  to  prevent  highly  satisfactory  results  from  being 
obtained.  In  addition  to  the  examples  there  mentioned,*  he 
knew  of  others  where  a  life  of  three  and  a  half  years  had  been 
regularly  obtained  from  the  ropes  over  a  period  of  15  to  20 
years.  There  was,  consequently,  some  justification  for  the  adop- 
tion of  such  a  method  where  the  angle  would  otherwise  exceed  1 
degree  51  minutes. 

There  was  undoubtedly  a  disposition  on  the  part  of  certain 
engineers  to  adopt  semi-conical  drums  with  minimum  diameters, 
which  from  the  rope-makers'  point  of  view  were  not  such  as  they 
thought  necessary  in  order  to  secure  the  rope  life  allowed  by 
the  new  Mines  Act.  In  connexion  with  this  it  might  be  interest- 
ing to  know  that  there  were  several  examples  of  winding  where 
the  ratio  of  the  minimum  diameter  of  the  drum  to  the  diameter 
of  the  rope  is  not  more  than  60  to  70  times  the  diameter  of 
the  rope  ;  but,  as  Mr.  Hugh  Bramwell  had  very  properly  said 
in  another  place,  the  winding  problem  was  one  which  must  be 
considered  from  other  points  of  view  than  that  of  the  rope  only. 

The  President  (Mr.  T.  Y.  Greener)  proposed  a  vote  of  thanks 
to  Mr.  Halbaum  for  his  paper. 

Mr.  John  H.  Meeivale  seconded  the  proposal,  which  was 
cordially  adopted. 


*  Proceedings  of  (he  South    Wales  Institute  of  Engineers,  1912,   vol.   xxviii.  ; 
page  371. 
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Mr.  H.  W.  G.  Halbaum  (Cardiff),  replying  to  the  discussion, 
expressed  his  pleasure  that  his  very  elementary  paper  had  led  to 
so  interesting  a  discussion.  He  had  previously  had  some  qualms 
as  to  whether  a  string  of  such  bald  statements  was  really  worth 
placing  before  the  members.  All  doubts  on  that  point  had  been 
removed  by  the  discussion,  seeing  that  some  critics  had  deemed 
the  dry  data  of  the  paper  to  be  so  extraordinarily  original  that 
one  had  actually  suggested  that  the  paper  was  founded  on  a 
fundamental  error,  whilst  another  gentleman  had  stated  posi- 
tively that  the  simple  formulae  given  had  no  foundation. 

He  was  rather  sorry  that  the  discussion  had  departed  some- 
what from  the  purely  impersonal  lines  of  the  paper.  He  strongly 
wished  to  avoid  any  suspicion  that  he  was  discussing  men  rather 
than  abstract  principles.  He  desired,  therefore,  and  at  the  out- 
set, to  say  that  he  very  much  admired  Mr.  Hugh  Bramwell,  the 
great  work  that  he  had  accomplished  at  the  Cwm  Colliery,  and 
the  methods  by  which  that  work  had  been  carried  out,  but,  most 
of  all,  he  admired  the  great  public  spirit  manifested  by  Mr. 
Bramwell  in  so  fully  taking  the  mining  community  into  his 
confidence.  If,  however,  the  writer  had  asked  members  to 
express  an  opinion  on  the  over-coiling  of  the  rope,  he  had 
merely  followed  the  lead  of  Mr.  Bramwell  himself,  who  had 
already  asked  the  members  of  another  Institute  to  do  likewise. 
The  writer  was  obliged  to  Mr.  Bramwell  for  intervening  in  that 
discussion,  and  the  only  reply  that  he  would  make  to  that  gentle- 
man was  that  they  could  »nly  deal  with  one  thing  at  a  time. 

He  was  also  obliged  to  Mr.  Gr.  W.  TVestgarth  for  his  excel- 
lent contribution.  If  the  paper  bore  no  further  fruit  than  that, 
it  would  be  justified  by  the  remarks  and  valuable  tabulated 
information  which  it  had  elicited  from  that  gentleman. 

Before  knowing  what  remarks  had  been  made  on  the  paper, 
the  writer  had  submitted  to  the  Institute  the  promised  supple- 
mentary paper,  in  which  many  of  the  points  raised  in  the  discus- 
sion had  been  anticipated  and  dealt  with.  One  of  these  related 
to  the  difficulty  of  spacing  the  ropes,  as  mentioned  by  Mr.  West- 
garth.  Another  related  to  the  "natural  remedy"  alluded  to 
by  Prof.  Henry  Louis.  Other  points  dealt  with  were  the 
effects  of  acceleration,  etc.,  mentioned  by  Mr.  John  Stoney, 
whilst  others  referred  to  factors  of  safety,  the  use  of  guide- 
pulleys,  etc.,  touched  upon  by  Mr.  T.  A.  Southern. 
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One  point  as  to  which  ;i  general  misunderstanding  appeared  to 
exist  was  the  supposed  "  permissible  "  value  of  the  angle  of  fric- 
tion. It  was  not  at  all  within  the  writer's  intention  to  suggest 
that  •'!  degrees  (or  any  other  angle)  was  a  permissible  one.  If 
members  would  refer  again  to  the  paper,  they  would  see  that 
the  angle  of  3  degrees  was  mentioned  as  one  never  exceeded,  and 
the  purpose  of  stating  thai  fact  was  to  show  that,  in  view  of  the 
small  range  of  the  angle  A,  its  tangent  was  practically  equal  to 
the  circular  measure  of  the  arc  which  subtended  it,  and  hence 
the  limited  range  justified  the  writer  in  dispensing  with  trigono- 
metrical symbols.  A  reference  to  Mr.  Westgarth's  table  would 
show  that  the  range  was  indeed  confined  well  within  the  limits 
named,  and  the  writer  was  therefoie  justified  by  theory  and 
practice  alike  in  reducing  the  trigonometrical  text-book 
formulas  to  simple  arithmetical  rules  such  as  anyone  could 
easily  manage.  Perhaps  Mr.  Bramwell,  Mr.  Poole,  and  Mr. 
Westgarth  would  accept  that  explanation  as  satisfactory. 

He  was,  however,  sorry  to  see  that  this  very  attempt  at 
simplicity  had  led  Mr.  J.  S.  Barnes  into  amusing  difficulties. 
That  Mr.  Barnes  should  have  penned  the  statements  which  form- 
ed the  very  beginning  of  his  written — and  therefore,  presumably, 
considered— remarks  was  the  more  peculiar,  since  Mr.  Barnes 
took  some  pains  to  make  it  clear  that  he  had  devoted  much  time 
to  the  study  of  the  problem,  being  convinced,  as  he  ingenuously 
explained,  that  its  solution  "could  only  be  achieved  by  a  skilled 
scientist,  designer,  and  mining  engineer  of  mature  experience  in 
connexion  with  large  modern  collieries."  He  (Mr.  Halbaum) 
•  lid  not  know  whether  Mr.  Barnes  looked  upon  the  problem  as 
one  for  his  own  exclusive  study,  but,  if  so,  it  was  evident  from 
his  remarks  that  he  might  do  worse  than  now  hand  over  the 
task  to  some  more  practical  person,  with  a  view  to  securing 
better  results.  For  instance,  it  would  be  of  interest  to  know  by 
what  devious  process  of  mechanical  reasoning  he  had  reached 
the  conclusion  stated  in  his  penultimate  paragraph.  Given  his 
own  conditions,  when  would  the  resultant  stress  on  the  "head- 
gear hack  legs  "  rise  to  double  its  vertical  component  in  the 
pit?  The  writer  believed  that  Sir  Isaac  Newton  had  taught 
that  "•action  and  reaction  were  equal  and  opposite."  If  that 
"old  saw"  still  represented  common  sense,  it  would  be  quite 
impossible,   under  the  conditions  suggested  by  Mr.   Barnes,  for 
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either  cage  to  descend  the  pit.  It  should,  however,  be  noted 
that  the  suggestion  of  the  "  distant  pulley  "  was  not  fathered 
by  the  writer,  but  was  merely  quoted  as  one  of  the  dry  data 
which  he  had  thought  advisable  to  include  in  the  paper. 

He  would  now,  for  convenience  of  reference,  quote  Mr. 
Barnes's  opening  statements,  as  follows  :  — 

"The  author's  deductions  from  the  formulae  quoted  were  based  on  incorrect 
data.  For  instance,  in  equation  (1)  as  the  factors  10  H  had  neither  practical  nor 
scientific  foundation,  the  remaining  transposition  of  the  same  in  equations  (2)  to  (5) 
inclusive  were  incorrect." 

It  was  most  remarkable  that  any  man  claiming  to  be  skilled 
in  scientific  lore,  and  one  accustomed  to  use  numerous  "stress- 
diagrams  and  scores  of  formulae  "  should  not  have  perceived  at 
once  that  formula  (1)  in  the  paper  actually  started  from  the 
usual  text-book  formula,  which  Mr.  Barnes  ''maintained  to  be 
true,"  although  nobody  had  ever  suggested  the  contrary. 

The  writer  would  therefore  take  the  formulae  which  Mr. 
Barnes  "  maintained  to  be  true/'  and  would  prove  from  these 
that  equation  (1)  of  the  paper  was  equally  true,  and  that,  con- 
sequently, the  transpositions  of  the  same  in  equations  (2)  to  (5) 
were  true  also.  The  algebraic  symbols  used  in  the  paper  would 
also  be  used  here,  and  the  base-line  L  would  be  taken,  as  in 
Mr.  Barnes's  diagrams,  in  the  plane  of  the  pulley,  so  that  in 
accordance  with  Mr.  Barnes's  true  formula — 

Tan  .4  =  ~ (1) 

In  order  to  assign  a  value  to  T,  the  depth  H  of  the  pit 
and  the  drum-diameter  D  must  be  taken  into  account.  Then 
since  by  hypothesis  the  rope  centred  at  half-wind,  a  length  of 
rope  equal  to  fff  wraps  on  the  drum  in  N  coils  during  the 
half-wind.  Also,  by  hypothesis,  the  lateral  space  allowed  on 
the  drum  for  each  coil  was  lid  inches,  and  the  lateral  travel 
on  each  side  of  the  centre-line  would  be — 
T  =  N  x  lid  inches, 
or, 

T=N_y^Ui^ (2) 

But 

^  D  7T' 
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and  substituting  this  value  of  N  in  (2),  the  following-  was  ob- 
tained : — 

T=£>lrX    12" 

Dividing-  both  numerator  and   denominator  by  d  we  get — 

^tf  x  1-1       Uxll 

T=l)7r       1()-12Z)  .^ 

-j-  x  12       -rf-  x  .....    (3) 

But  since  Z)  was  in  feet  and  d  in  inches — 
12  D       n 
-dT  =  R; 

12  Z) 
and  substituting  this  value  of  — -r-   in  (3),  the  result  would  be— 

T_UxH 

22 
Taking  the  numerical  value  of  ir  at  y,  and  substituting  this 

value  of  ir,  the  result,  after  reduction,  would  be  — 

p-«Tf <*> 

Substituting  this  value  of  T  in  the  "  true "  equation  (1) 
above — 

7  FT 

Tan  A  =  win (5) 

But  since,  by  hypothesis,  A  was  so  small  an  angle  that  its 
tangent  was  practically  equal  to  the  circular  measure  of  the 
arc,  one  might  write — 

Tan  A  =  ^  A (6) 

Then,  equating  the  two  values  of  Tan  A,  given  by  (5)  and 
{6),  the  result  would  be — - 

_7_  l  H 

400      ~"  40  R  L 
Finally,  dividing  each  side  by  the  co-efficient  of  A,  equation 
{1)  of  the  paper  was  reached,  and — 

A  =  $£  [Q.  F,  D.] 

It  was  therefore  demonstrated  that,  if  Mr.  Barnes'  "  true  " 
formulae  were  actually  true,  the  formula?  stated  by  the  writer 
could  not  be  false,  from  which  it  followed  that  it  was  really  the 
dogmatic  statements  made  by  Mr.  Barnes  which  "had  neither 
practical  nor  scientific  foundation." 
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The  writer  had  merely  reduced  the  usual  text-book  rule  to 
its  simplest  possible  terms,  with  the  view  of  assisting  practical 
men.  The  fundamental  soundness   of  the    reduced   formula 

would  be  instantly  evident  to  every  man  who  was  practical 
enough  to  test  it,  however  obscure  it  might  appear  to  skilled 
scientists  who  saw  nothing  outside  the  text-books. 

Mr.  T.  A.  Southern  had  wondered  why  the  writer  had  pro- 
ceeded on  text-book  lines  with  regard  to  the  value  selected  for 
R  in  the  illustrative  example  employed  in  the  paper.  The 
reply  was  that  the  procedure  was  adopted,  not  with  any  idea  of 
either  provoking  or  evading  criticism,  but  simply  with  a  view 
of  casting  the  paper  in  the  least  objectionable  mould,  without 
intruding  one's  private  views  on  matters  of  no  immediate 
moment,  and  without  appearing  to  discount  the  private  views 
of  other  men  on  similar  side  issues.  The  question  of  the  size 
of  a  certain  rope  was  foreign  to  the  matter  in  hand,  because  as 
H  and  L  remained  the  same,  the  angle  A  would  be  the  same 
whether  a  3-inch  rope  were  employed  on  a  30-foot  drum,  or  a 
2 \ -inch  rope  on  a  25-foot  drum,  or  a  2-inch  rope  on  a  20-foot 
drum,   since,  in  the  three  cases  named,  B1  =  R2  —  R3. 

Prof.  Louis  had  made  some  strong  criticisms,  which,  how- 
ever, he  had  qualified  by  recognizing  the  possibility  of  his 
having  misunderstood  the  writer.  He  (Mr.  Halbaum)  was 
obliged  to  Prof.  Louis  for  that  qualification,  because  that 
seemed  to  be  what  had  really  happened.  Nevertheless,  he 
thought  that  no  such  misunderstanding  should  have  arisen. 
It  was  true  that  the  writer  had  not  stated  specifically  that 
lateral  friction  at  the  drum  could  take  place  only  on  one  side  of 
the  centre-line.  It  never  occurred  to  him  that  he  should  point 
out  so  obvious  a  circumstance,  any  more  than  it  had  occurred 
to  him  to  argue  that  pulleys  should  be  round  and  not  square, 
or  to  point  out  that  the  winding-ropes  should  not  be  made  of 
wood  or  clay.  Moreover,  there  was  plenty  of  evidence  in  the 
paper  that  the  point  was  fully  recognized  by  the  writer.  For 
example,  it  was  stated  in  the  fifth  paragraph  that  when 
the  ropes  were  centered  at  meetings,  "the  lateral  travel  on 
cither  side  of  the  centre-line  can  never  exceed  half  the  width  of 
the  working  drum.  In  any  other  case,  either  the  spread  of 
the  rope  or  the  angle  A  of  maximum  friction  will  be  greater." 
The    "  spiral    screw-tread  "    mentioned,    moreover,    clearly    re- 
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ferred  t  <  >  the  case  of  spread  and  noi  to  the  case  of  friction,  since 
no  such  guiding  influence  was  necessary  on  the  other  side  of  the 
line,  where  the  Lateral  friction  itself  was  sufficienl  guide  without 
anything  else.  It  was,  therefore,  difficult  to  see  how  so 
ouvimi-  a  misunderstanding  could  bave  originated  if  Prof.  Louis 
had  read  the  paper  willi  ordinary  care  before  so  hastily  suggest- 
ing that  the  writer  was  wasting  his  time  and  that  (if  the  members 
on  a  paper  in  which  an  imaginary  "fundamental  error  of 
principle  vitiated  its  conclusions." 

Moreover,  it  would  he  found  in  the  supplementary  paper, 
now  in  the  hands  of  the  Institute,  that  the  minimum  angle 
there  accepted  was  that  named  by  Prof.  Louis.  In  fact,  the 
only  difference  between  Prof.  Louis  and  the  author  was  that 
the  "  natural  remedy  "  was  condemned  beforehand  by  that 
gentleman  as  being  likely  to  introduce  greater  evils  than  it 
cured,  whereas  the  author  intended  to  show  that  this  minimum 
angle  (zero  or  G  degree)  might  be  usefully  employed,  although 
not,  of  course,  on  a  plain  parellel  drum.  On  such  a  reel,  the 
tendency  of  the  rope  to  spread  put  the  angle  of  0  degree  out  of 
the  question,  as  Prof.  Louis  himself  had  stated,  thereby  ad- 
mitting unconsciously  that,  in  ordinary  practice,  the  least 
angle  of  friction,  practically  possible,  was  obtained  if  the  ropes 
centered  at  meetings  or  thereabouts. 

In  order  to  anticipate  any  similar  misunderstanding,  the 
author  might  remind  members  of  the  obvious  fact  that,  where- 
soever it  might  be  arranged  to  centre  the  ropes,  lateral  friction 
nt  the,  pulley  actually  prevailed  during  the  entire  wind  except 
at  the  instant  of  centering.  Hence,  the  minimum  angle  of 
friction,  taken  all  round,  did  exist  if  the  rope  centered  at 
meetings. 

Finally,  with  regard  to  Mr.  Westgarth's  remarks,  there  was 
one  which  concerned  a  *'  question  of  etiquette.'"  Perhaps  Mr. 
Westgarth  would  kindly  advise  the  writer  as  to  its  exact  nature, 
in  order  that  it  might  be  put  right  at  once. 


Mr.  Wilfrid  H.  Davis's  paper  on  "  AVinding-engine  Signals  '* 
was  read  bv  Mr.  Ashbv,  as  follows: — 
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WINDING-ENGINE  SIGNALS. 


By  WILFRID  H.  DAVIS. 


Introduction. — Rule  95  of  the  Home  Office  General  Regula- 
tions, 1913,  reads  as  follows:  — 

"  In  connection  with  every  winding-engine  there  .shall  be  provided  an 
appliance  which  shall  automatically  indicate  in  a  visible  manner  to  the 
winding  engineman  (in  addition  to  the  ordinary  signal)  the  nature  of  the 
signal  until  the  signal  is  complied  with." 

Although  the  necessary  apparatus  should  have  been  at  work 
by  July  1st,  1914,  the  rule  in  question  found  manufacturers 
unprepared,  and  some  indulgence  in  not  pressing  its  perform- 
ance has  been  extended  to  colliery-proprietors.  Representations 
also  by  colliery-proprietors,  colliery  managers,  and  winding- 
enginemen  were  successful  in  obtaining  some  modifications  in  the 
rules. 

Whereas  previously  each  district,  or,  indeed,  each  individual 
colliery,  was  free  to  adopt  its  own  code  of  signals,  it  is  now 
imperative  upon  all  colliery  companies  to  adopt  a  uniform  code, 
as  laid  down  by  the  Home  Office,  and  this  code  shall  be  given  to 
the  winding-engineman  both  in  a  visible  and  in  an  aural  form. 

As  numerous  signals  are  to  be  given,  a  substantial  increase 
of  cost  would  manifestly  be  involved  in  laying  in  the  shaft  a 
number  of  mechanical  wires  or  electric  cables,  and  apart  from 
the  cost  of  providing  many  pulls  or  electrical  contact-makers, 
the  operators  would  be  liable  to  use  the  wrong  one  among  a 
number.  Again,  a  visible  indicator  in  the  engine-house,  and 
provided  with  separate  drop  flags  to  give  the  nature  of  the  signal, 
would  be  bulky  and  costly,  as  two  or  more  sets,  according  to  the 
number  of  levels,  would  be  required.  Therefore,  the  simpler 
and  less  costly  plan  is  to  provide  an  indicator  upon  the  face  of 
which  all  signals  are  inscribed,  and  over  this  dial  a  hand 
traverses  step  by  step,  pointing  to  the  nature  of  the  signal.  Such 
;i  system  has  the  approval  of  the  Home  Office,  as  complying  with 
the  rule. 
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An  objection  has  been  raised  by  managers  and  winding- 
enginemen,  although  approved  elsewhere,  that,  as  when  men  are 
aboul  to  be  raised  or  lowered,  three  rings  are  to  be  given  on  the 
aural  signal  and  the  indicator  must  show  the  cautionary  word 
"men,"  then  the  executive  signal  of  one  or  two  rings,  which 
mean  "raise"  or  "lower"  must  show  the  words  visibly  on  the 
indicator.  This  involves  the  clearance  or  removal  of  the  caution- 
ary signal  "  men  "  before  the  regulation  can  be  complied  with. 
Some  modification  of  the  simple  dial,  therefore,  becomes  neces- 
sary in  order  to  avoid  what  is  gener- 
ally termed  a  "cumulative"  signal. 

The  writer  will  endeavour  to 
explain  how  to  overcome  this  objec- 
tion ;  but  it  will  be  well  to  state  at 
the  outset  that  three  varieties  of 
systems  may  be  employed,  namely : — 
(a)  Electrical  throughout ;  (l>)  mech- 
anical throughout;  or  (c)  mechanical 
up  to  the  pit-bank,  and  therefrom 
converted  into  electrical.  It  will 
probably  facilitate  a  better  under- 
standing of  the  three  systems  if  the 
essential  or  novel  units  of  the 
apparatus  are  described  for  the 
various  systems. 


Fi<;.   ].  — Lever  Type  of 
Contact-maker. 


(a)  Kh (trie  Signals. — The  novelty  in  the  apparatus  illustrated 
by  Fig.  1  consists  in  the  lever  which  has  to  be  pulled  forward 
instead  of  being  compressed.  This  is  arranged  to  avoid  accident- 
al contact  by  leaning  on  the  lever,  or  by  other  accidental  means. 
It,  therefore,  complies  with  the  Electricity  in  Mines  KulevS.  Two 
contact-makers  are  required  for  the  onsetter,  one  (usually  painted 
red  and  preferably  fixed  higher)  to  indicate  the  cautionary  signal 
"  men,"  and  the  other  (usually  painted  black  or  green,  and  pre- 
ferably fixed  lower)  to  indicate  the  executive  signals. 

Tim  Imlimlor.  —  The  chief  feature  of  the  indicator  is 
the  operating  mechanism,  which  consists  primarily  of  a 
plunger  or  straight  rod  of  steel  surrounded  by  an 
electric  solenoid.  The  plunger,  upon  being  electrified, 
is     drawn     up     rapidly,    and    strikes     a     gong    with    a    clear 
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and  loud  note.  The  plunger 
carries  a  pawl,  wkicli  engages 
in  a  ratchet,  and  on  each  rise 
of  the  rod  carries  a  hand  one 
step  over  a  dial.  Thus  it  will 
be  seen  that,  with  a  minimum 
of  parts,  a  combined  bell 
and  indicator  has  been 
evolved  which  is  extremely 
simple  in  construction  and 
has  practically  nothing  that 
can  get  out  of  order. 

The  dial  over  which  the 
hand  travels  step  by  step 
contains  the  nature  of  the 
signal  as  follows  :  —  One  (raise 
or  stop) ;  two  (lower) ;  four 
(raise  steadily) ;  five  (lower 
steadily).  These  are  the 
"executive"  signals. 

In    order   to   indicate  the 


I  ii.     3. — Electric    Indicator    aftkr 
■■  Men  "  has  bken  Signalled. 


2. —Electric    Indicator    before 
"  Men  :'  has  ueen  Signalled. 

cautionary  signal  "  men," 
and  to  avoid  what  is  known 
as  a  "  cumulative  "  signal,  a 
separate  plunger  and  solenoid 
are  provided  in  the  same 
case,  and  the  plunger  strikes 
a  gong  which  is  common  to 
both  strikers.  This  second 
plunger  also  carries  a  pawl, 
which  engages  in  a  second 
ratchet,  and  on  each  rise  of 
the  rod  carries  a  flag,  upon 
which  is  painted  the  word 
"men."  This  flag  travels 
behind  the  dial  previously 
described,  and  at  the  third 
stroke  on  the  gong  appears 
in  an  open  space  cut  in  the 
dial.  Thus  the  onsetter,  and, 
in    his    turn,    the    banksman, 
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can  signal  to  the  winding-engineman  the  cautionary  signal 
'"  men,"  in  addition  to  any  of  the  required  executive  signals 
from  one  to  five.  Additional  spaces  are  contained  on  the 
face  of  the  dial  for  any  number  up  to  twelve,  which  can  be  coded 


Fio.  4.  — General  View  of  Releasing  Apparatus. 


Fig.  5.— View  of  Releasing  Apparatus  under  Glass  Dust-proof  Case. 


and  inscribed  to  suit  special  requirements.  Figs.  2  and  3  show  the 
general  appearance  of  an  indicator  before  and  after  "  men  "  has 
been  signalled.  Two  such  indicators  are  fixed  in  the  engine- 
house,  one  operated  by  the  onsetter  and  the  other  by  the  banks- 
man. 
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The  resetting  of  the  indicators  is  an  important  point  in 
connexion  with  visual  signals,  and,  so  far,  it  has  not  been  clearly 
denned  by  the  Home 


Office     what      should 
effect   the  release   or 
clearing  of  the  visual 
signal,    or     at     what 
period  of  the  winding 
the  signal  should  be 
cleared.        Generally 
it    is    preferred   that 
the  signals  should  be 
cleared  automatically, 
and  it  would   appear 
to       be      a       correct 
assumption    that   the 
signal    "  is    complied 
with "        when       the 
engine  starts  to  move. 
The      indicator      de- 
scribed can  be  released 
in  various  ways,  but 
the     most     favoured 
arrangement     is     for 
the   engine    to    effect 
this       automatically. 
Although  the  release 
can    be    either    elec- 
trical     or     mechani- 
cal,    the     former     is 
quicker      in       action 
when      operated      in 
conjunction  with  the 
apparatus     about    to 
be  described. 

The  contact-mak- 
ing release  (Figs.  4 
and  5)  consists  mainly 


FIG.  6.— Method  of  Resetting  the  Indicators 
by  Mechanical  Means. 


of  an  upright  shaft  carrying  on  each  side  two  arms.     These  arms 
are  composed   of   metal  tubes,   starting  and   ending   with  non- 
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conducting  material  and  forming  a  grooved  trough,  upon  which 
metal  balls  resl  and  run;  the  uprighl  shafl  is  driven  through 
gearing  from  any  convenienl  shafl   of  the  winding-engine.     A 


n  *  Cnqmeman's  Re/ease 

3  ■  Crank  which  operates  Lerer  C 

Hith  Adjustment 
O '  Release  Le^er 
E  m  One  on  Depth  -Indicator  Shaft 
for  Automatic   Release 


Fig.  7.— Another  Method  of  Resetting  the  Indicator  from  a 
Depth-indicator  by  Mechanical  Means. 


slight  movement  of  the  engine  causes  a  considerable  movement 
of  the  arms,  and  the  balls  travel  outwards  by  centrifugal  force 
m  their  ball-races  :   in  so  doing  they  complete  an  electric  circuit, 
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which  actuates  a  solenoid  provided  in  the  indicator-case.  This 
solenoid  releases  a  pawl.  Thus  on  the  winding-engine  being- 
started,  the  indicator  is  cleared  of  its  signals,  and  the  pointer 
and  flag  return  to  zero.  As  the  contact-making  release  will  work 
with  the  starting  or  stopping  of  the  winding-engine,  it  is  of 
service  in  signalling  during  shaft  repairs.  When  the  engine 
stops,  the  balls  return  to  the  other  end  of  the  race  and  again  clear 
the  signal,  so  that  it  is  impossible  to  accumulate  and  register 
incorrect  signals. 


Fig.  8. — Mechanical  Indicator  before  "Men"'  has  been 
Signalled. 


Where  the  cages  have  two  or  more  decks,  the  contact-making 
release  is  then  so  arranged  that  the  flag  remains  visible  during 
the  decking  of  "  men,"  while  the  executive  signal  is  released  at 
each  change  of  deck. 

The  inclination  of  the  two  arms  of  the  ball-races  to  the  hori- 
zontal can  be  separately  adjusted ;  consequently  it  is  easy  to 
arrange  matters  so  that  the  signals  may  be  cleared  at  any  desired 
point  in  the  winding  by  making  the  incline  up  which  the  contact- 
ing balls  travel  more  or  less  steep :  oue  may  be  connected  to  clear 
the  cautionary  signal,  and  the  other  to  clear  the  executive  signal, 
or  both  maj*  clear  the  signals  simultaneously. 
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Tli*'  contact-making  release,  although  primarily  devised  for 
installation  with  the  visual  signals  describedj  is  a  self-contained 
;iik1  independent*  unit  of  mechanism,  and  may  be  adapted  to  any 
and  every  electric  system  of  signalling  indicators. 

If  it  should,  however,  he  desired  to  reset  the  indicators  other 
than  by  the  hall-race,  it  may  he  accomplished  in  the  following 
manner:- — A  ratchet  may  he  provided  in  the  indicator  to  release 
the  pawl,  and  a  flexihle  wire  carried  through  the  indicator  case 
to  a  foot-trigger,  to  he  controlled  by  the  engineman,     Such  an 


Fig.  9. —Mechanical  Signal  after  "Men"  has  been 
Signalled. 

arrangement  is  shown  in  Fig.  (i.  The  mechanical  wire  may 
also  be  automatically  controlled  by  the  depth-indicator  through 
cranks,  as  shown  in  Fig.  7,  a  system  which  is  already  in 
successful   operation. 

(b)  MecJianical  Signals. — It  will  he  seen  by  reference  to  Figs. 
8  and  9  that  the  appearance  of  the  mechanical  bell  and  indicator 
is  very  similar  to  the  electrical  apparatus;  indeed,  the  construc- 
tion differs  but  slightly.  The  mechanical  apparatus  has  a  dial  on 
which  the  nature  of  the  signal  is  inscribed.     A  hand  travels  step 
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by  step  over  the  dial,  and  a  flag  appears  in  a  space  of  the  dial 
showing'  the  cautionary  word  "  men." 

Two  plungers  strike  a  bell  in  common,  as  in  the  electrical 
apparatus,  but  instead  of  the  solenoid  actuating  the  plungers, 
mechanical  levers  compress  springs  which  eventually  release 
catches  that  liberate  the  plungers.  The  plungers  are  provided 
with  pawls,  which  actuate  the  mechanism  as  previously  described. 


E  LECTRIC 
WIRE. 


Fig.    10.— Contrivance  for  Converting  Mechanical  Signals  into 
Electrical  Signals. 


In  order  to  reset  the  indicator,  a  release  pawl  is  provided  in 
the  case;  this  can  be  operated  as  previously  described,  and  as 
illustrated  by  Fig.  7. 

Two  wires  are  needed  to  operate  the  non-cumulative  indicator, 
one  Gi  give  the  cautionary  and  one  to  give  the  executive  signal. 

(c)  Mechanical  Signals  to  the  Pit-bank  and  thence  Electrical. — 
Where  mechanical  wires  are  already  installed  in  the  shaft,  and 
it  i^  preferred  to  retain  them,  but  where  a  difficulty  is  experi- 
enced in  carrying  a  mechanical  system  throughout,  it  is  quite 
practicable  to  convert  mechanical   into  electrical  energy  at  any 
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desired  point.  There  are  many  such  cases  in  operation  where  at 
the  pit-hank  the  pull  of  the  mechanical  wires  actuates  an  elect- 
rical cont  act  -maker  EFig.  10  shows  such  a  contrivance,  as  the 
system  then  becomes  electrical  from  this  point.  The  apparatus 
required  therefrom   is   similar  to  that  previously  explained. 

The  various  systems  described  by  the  writer  are  at  work  at 
collieries,  and  have  not  only  the  approval  of  the  Home  Office, 
hut  appear  to  have  met  with  appreciation  in  actual  practice. 
Colliery  companies  are  now  so  well  equipped  with  efficient  elec- 
trical engineers  that  the  writer  feels  that  it  would  be  a  work  of 
supererogation  to  indicate  the  best  method  of  installing' 
apparatus,  or  to  define  further  the  Home  Office  order  and  code 
of  signals. 


Mr.  Ashhv  gave  a  demonstration  with  the  instrument. 

The  President  (Mr.  T.  Y.  Greener)  said  that  it  appeared  to 
him  that  the  most  important  point  in  connexion  with  any  sig- 
nalling apparatus  it  was  proposed  to  instal  was,  in  the  first  place, 
that  it  should  comply  with  the  regulations,  and  he  would  like  to 
know  whether  the  system  described  complied  in  all  respects  with 
the  requirements  of  the  Government.  There  seemed  to  be  no 
doubt  in  his  mind  as  to  when  the  signals  were  regarded  as  com- 
pleted, having  regard  to  the  remarks  of  Sir  Richard  Redinayne 
in  his  explanatory  note  with  regard  to  the  General  Regulations 
as  to  Signalling  in  Shafts.  That  note  ought  to  be  studied  by  all 
persons  connected  with  the  management  of  collieries,  because 
he  (the  President)  took  it  that  these  remarks  were  in  the  nature 
of  an  explanation,  and  were  intended  to  indicate  what  the 
Government  meant  when  they  said  that  collieries  must  instal 
audible  and  visual  signals.  In  paragraph  (3)  the  following- 
appeared  :  — 

"Action  signals,  that  is  to  say,  signals  requiring  the  engineman  to  move  his 
engine,  must  remain  on  the  indicator  until  complied  with  :  but  '  compliance  '  is 
not  intended  to  mean  'completion.'  No  soon  as  the  winding  engineman  sets  his 
engine  in  action  to  carry  out  the  order  signalled,  he  complies  with  the  signal. 
It  is  advisable  that  the  signal  should  be  effaced  as  soon  as  the  engineman  sets  his 
engine  in  action,  so  as  to  leave  the  indicator  clear  for  any  further  signal  that  may 
be  given.  ( .<j. ,  '  stop.'  " 
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Having  regard  to  that  statement,  there  did  not  seem  to  be 
any  doubt  as  to  what  was  meant  by  compliance  with  the  signal. 

Another  important  point,  in  his  opinion,  was  that  signal- 
ling apparatus  should  be  simple  in  its  action.  It  seemed  to  him 
that  the  apparatus  described  by  Mr.  Davis  was  very  simple,  but 
he  was  not  quite  clear  whether  it  was  in  all  respects  in  accord- 
ance with  the  Government  regulations.  In  order  to  comply 
with  these  regulations,  the  signals  must  not  in  any  sense  be 
cumulative.  He  supposed  that  Mr.  Davis  would  show  that  his 
scheme  did  not  contravert  that  proviso.  In  other  respects  it 
seemed  to  him  that  the  apparatus  was  an  excellent  one  from 
the  colliery-owner's  point  of  view.  It  was  cheap  to  instal,  was 
simple  in  its  action,  and  therefore,  assuming  that  it  complied 
with  the  Government  regulations,  it  was  one  that  would  be  a 
boon  to  the  trade.  There  were  a  number  of  gentlemen  present 
who  had  a  knowledge  of  electrical  signalling,  and  he  hoped  that 
they  would  give  the  members  the  benefit  of  their  criticism. 

Mr.  Arthur  Andrews  (Newcastle-upon-Tyne)  thought  that 
the  main  point  claimed  for  the  Davis  system  was  that  it  was 
non-cumulative.  Was  this  quite  correct?  In  the  Davis  system 
provision  was  made  for  removing  both  the  flag  and  the  pointer 
from  the  indicator  at  the  same  time. 

Sir  Richard  Redmayne,  in  his  General  Regulations  as  to 
Signalling  in  Shafts,  stated  in  paragraph  (4)  that  "  The  caution- 
ary or  advance  signals,  e.g.,  'men  on'  or  'men  riding,'  should 
only  be  obliterated  either  by  the  person  giving  the  signal  or 
automatically  by  the  giving  of  the  action  signal."  Did  Mr.  Davis 
make  any  provision  for  removing  the  cautionary  signals  only, 
independently  of  the  action  signal  from  the  indicator?  This,  of 
course,  could  quite  easily  be  arranged;  if  not,  the  following 
would  occur  when  men  were  riding  against  men  : — When  the 
onsetter  signalled  to  the  engineman,  this  being  the  onsetter's 
reply  signal  to  the  banksman's  3,  the  flag  on  the  onsetter's  indi- 
cator would  go  to  3.  The  onsetter  would  then  signal  3  to  the 
engineman,  and  the  banksman  would  signal  3.  The  person  giving 
the  signa]  3  last  (in  this  case  the  banksman)  should  be  able  to  set 
the  flag  back  to  zero  before  the  2  and  1  were  given. 

Mr.  Davis  had  stated  that  "  The  dial  over  which  the  hand 
travels  step  by  step  contains  the  nature  of  the  signal  as  follows:  — 
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One  (raise  or  stop);  two  (lower);  four  (raise  Bteadily);  five  (lower 
steadily).  These  are  the  'executive'  signals."  In  the  interview 
which  he  (Mr.  Andrews)  had  had  with  Sir  Richard  Redmayne 
and  Mr.  W.  Walker  the  previous  week.  Mr.  Walker  had 
stated  that  4  and  5  were  mineral  advance  signals,  not  executive 
signals,  and  would  have  to  be  set  back  to  zero  by  the  person 
giving-  the  signal,  or  the  giving  of  a  fresh  signal  must  set  it  at 
zero.  Sir  Richard  Redmayne  in  paragraph  (4)  of  the  General 
Regulations  as  to  Signalling  in  Shafts  had  distinctly  stated  that 
the  person  giving  the  advance  signal  should  reset  the  indicator, 
or  that  the  giving  of  a  fresh  signal  should  set  it  at  zero.  There- 
fore Mr.  Davis's  device  was  not  in  accordance  with  the  regula- 
tions, for  Mr.  Davis  had  stated  that  "  On  the  winding-engine 
being  started,  the  indicator  is  cleared  of  its  signals,  and  the 
pointer  and  flag  return  to  zero." 

At  the  same  time,  taking  the  case  of  winding  otherwise  than 
with  persons,  if  provision  was  not  made  for  the  onsetter  or 
banksman  to  remove  the  advance  signals  independently  from  the 
indicator,  the  following  would  occur: — Signals  4  and  5  being 
mineral  advance  signals,  assuming  that  4  had  been  given  by 
the  onsetter  to  raise  up  steadily,  and  this  signal  had  not  been 
removed  from  the  indicator  by  the  onsetter,  and  that  the  onsetter 
wished  to  stop  the  engineman  from  raising  up  steadily,  the  fact 
of  the  onsetter  giving  a  further  signal  of  1  would  cause  the 
pointer  to  go  to  No.  5,  which  was  the  signal  to  lower  steadily, 
being  exactly  the  reverse  of  what  was  wanted. 

The  President  (Mr.  T.  Y.  Greener)  said  that  it  would  be  an 
advantage  if  Mr.  Andrews  would  explain  what  he  meant  when 
he  referred  to  his  recent  interview  with  Sir  Richard  Redmayne. 
Was  it  an  official  meeting  ? 

Mr.  Andrews  said  that,  as  electrical  engineers,  his  firm  were 
interested  in  signals  of  various  descriptions,  and  as  it  was  found 
that  the  local  Inspectors  in  one  case  took  exception  to  more  than 
one  push  being  allowed,  and  as  they  had  experienced  all  sorts  of 
difficulties,  one  set  of  Inspectors  requiring  one  thing  and  one  set 
of  Inspectors  another,  Mr.  W.  C.  Mountain,  who  had  several  sets 
of  signalling  apparatus  under  erection,  and  wished  to  be  assured 
that   he   had   complied   with    the    Government    regulations,    had 
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arranged  an  interview  with  Sir  Richard  Redmayne  and  Mr. 
Walker,  when  they  discussed  almost  every  system  in  general. 
They  raised  these  intricate  points,  and  Sir  Richard  had  given 
what  he  (Mr.  Andrews)  understood  to  be  an  official  ruling  on 
these  points,  and  this  was  the  information  that  he  (Mr.  Andrews) 
was  now  imparting  to  them.  The  ruling  might  he  issued  or  it 
might  not,  but  he  expected  that  it  would  be  confirmed  by  Sir 
Richard  Redmayne,  so  that  there  could  be  no  doubt  about  it. 

Mr.  John  H.  Merivale  (Broomhill)  remarked  that  he  was 
somewhat  impressed  by  the  opening  remarks  of  the  President,  in 
which  he  drew  attention  to  the  fact  that  what  they  had  to  bear 
in  mind  was  conformity  with  the  Government  regulations.  The 
President  did  not  say  that  they  had  to  devise  a  perfect  signalling 
system,  but  simply  to  conform  to  the  Government  regulations. 
He  (Mr.  Merivale)  thought  that  was  one  of  the  unfortunate 
phases  of  present  affairs — that  their  time  was  devoted,  not  to 
saving  life  and  getting  out  coal,  but  to  carrying  out  Government 
regulations. 

The  only  point  that  occurred  to  him  in  regard  to  Mr.  Davis's 
apparatus  was  the  device  for  wiping  out  the  signals.  He  noticed 
that  the  balls  travelled  outwards  by  centrifugal  force,  and  in 
■doing  so  they  completed  an  electrical  circuit  and  actuated  a  sole- 
noid provided  in  the  indicator-case,  and  this  solenoid  released  a 
pawl.  Doubtless  the  apparatus  would  be  enclosed  in  a  glass  case 
in  order  to  keep  out  dust  and  dirt,  so  that  there  would  be  no  fear 
of  these  balls  becoming  coated ;  but  could  Mr.  Davis  ensure 
contact  with  the  top  arm?  He  would  have  thought  that  when 
the  arm  began  to  wear  a  little  they  would  not  get  contact.  He 
supposed  that  could  only  be  found  out  after  the  apparatus  had 
been  in  use  for  some  time.  He  was  not  in  agreement  with  the 
last  paragraph  of  the  paper,  in  which  the  writer  stated  that 
"colliery  companies  are  now  so  well  equipped  with  efficient  elec- 
trical engineers  that  the  writer  feels  that  it  would  be  a  work  of 
supererogation  to  indicate  the  best  method  of  installing  the 
apparatus."  That  was  just  what  they  had  not  got,  and  if  Mr. 
Davis  could  put  him  in  the  way  of  getting  one  or  two  efficient 
electrical  engineers,  he  would  be  very  glad.  It  was  very  difficult 
to  get  them  nowadays,  and  if  they  were  secured  they  were  very 
promptly  snapped  up  by  the  armament  factories. 
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Mr.  C.  C.  Leach  (Seghill)  asketl  what  was  the  approximate 
cost  of  the  apparatus,  whicli  mmiiiiiI  to  him  to  be  very  compli- 
cated. 

Mr.  Andrews  subsequently  wiote  that  he  had  learnt  from 
Mr.  W.  Walker  that  he  (Mr.  Andrews)  had  been  under  a  mis- 
apprehension when  he  had  stated  that  Nos.  4  and  5  were  mineral 
advance  signals.  These  signals  were  action  signals,  and  must 
be  complied  with  when  given.  It  appeared,  therefore,  that  Mr. 
Davis's  apparatus  was  in  order  if  these  signals  were  removed 
from  the  indicator  when  the  engine  started.  He  (Mr.  Andrews) 
would  be  pleased  if  Mr.  Davis  would  state  what  would  happen 
if  the  following  should  occur: — If  the  onsetter  had  signalled  4 
to  raise  up  steadily,  and  then  found  that  he  was  not  ready,  and 
signalled  a  further  1  to  stop,  what  would  the  pointer  indicate? 
As  the  engine  in  this  case  would  not  have  started,  the  pointer 
would  not  have  been  set  back  at  zero. 

Mi.  Wilfkid  H.  Davis  (Derby)  wrote  thanking  the  President 
for  his  appreciative  remarks.  The  criticisms  which  had  been 
expressed  showed  that  the  subject  of  his  paper  was  of  interest, 
and  he  would  endeavour  to  answer  the  various  points  raised. 

The  President  had  stated  that  the  apparatus  appeared  to  him 
to  be  excellent  and  simple  in  action,  and  that  he  assumed  that  it 
complied  with  the  Government  regulations.  It  was  claimed  for 
the  indicator  that  it  was  the  acme  of  simplicity,  and  contained 
the  fewest  possible  parts  to  perform  its  work.  With  regard  to 
its  compliance  with  the  Government  regulations,  he  (Mr.  Davis) 
could  state  that  a  substantial  number  of  the  Davis  winding-engine 
signals  had  already  been  installed,  and  had  been  approved  by  the 
local  Inspectors  of  Mines.  The  apparatus  had  been  submitted  to 
the  Home  Office,  and  had  brought  forth  the  remark  that  it  com- 
plied with  the  Home  Office  Rules;  but  there  was  a  reluctance  on 
the  part  of  the  principal  officials  to  put  in  writing  definitely  that 
this  or  that  apparatus  so  complied.  Sir  Richard  Redmayne  had 
mentioned  in  correspondence  the  Davis  apparatus  amongst  others 
as  "appearing"'  to  fulfil  the  requirements.  An  official  at  the 
Home  Office  had  written  to  his  (Mr.  Davis's)  firm  that  day  to 
state  that  the  Home  Office  could  not  give  "  approval "  to  any 
apparatus,  in  view  of  the  uncertainty  which  prevailed  as  to  what 
types  of  visual  indicators  did  or  did  not  comply  with  the  regul- 
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atioiis,  etc.  This  could  not  be  considered  a  satisfactory  answer. 
It  would  appear  that  the  Government  had  not  yet  quite  made 
up  its  mind,  but  his  company  had  no  hesitation  in  undertaking* 
to  guarantee  that  the  apparatus  did  comply  with  these  regul- 
ations. They  could  not,  however,  undertake  to  prophesy  that 
the  Home  Office  would  not  alter  the  regulations. 

Mr.  Arthur  Andrews  had  enquired  whether  the  main  point 
claimed  for  the  Davis  system,  namely,  that  the  Indicator  was 
"  non-cumulative,"  was  quite  correct.  He  (Mr.  Davis)  could 
state  that  the  Davis  indicator  was  what  it  claimed  to  be.  The 
flag  and  pointer  were  not  necessarily  cleared  at  the  same  time. 
The  Davis-Macdonald  ball-race  contact-making  release  was  so 
constructed  that  the  flag  and  pointer  were  not  removed  simul- 
taneously. The  two  arms  up  which  the  contact-making  balls  ran 
when  the  engine  started  were  adjusted  to  different  angles  of 
inclination.  When  the  executive  order  was  given  and  the  engine 
started,  the  pointer  was  immediately  cleared,  but  the  flag  which 
contained  the  cautionary  signal  was  not  cleared  immediately,  that 
is.  until  the  engine  had  attained  some  speed.  This  was  extreniely 
useful  in  shafts  where  the  cage  had  more  than  one  deck.  Thus. 
the  cautionary  signal  might  remain  in  evidence  until  the  deck- 
ing of  men  had  been  completed.  Mr.  Andrews  also  asked 
whether  any  provision  was  made  for  removing  the  cautionary 
signal  alone  independently  of  the  action  signal  from  the  indicator. 
This  was  not  necessary  in  the  Davis  system,  as  the  cautionary 
and  action  signals  were  on  separate  circuits,  as  just  described. 

Mr.  John  H.  Merivale  had  raised  a  very  important  point  as  to 
whether  the  balls  travelling  outwards  by  centrifugal  force  in  the 
release  apparatus  might  become  coated,  and  so  fail  to  make  the 
necessary  contact.  He  (Mr.  Davis)  would  answer  in  the  negative. 
It  had  been  found  necessary  to  enclose  completely  the  ball-race 
and  hermetically  seal  the  same,  in  order  to  obviate  dust,  dirt, 
damp,  and  corrosion,  and  he  did  not  anticipate  any  trouble 
arising  from  wear  and  tear.  The  ends  of  the  cases  containing  the 
balls  could  readily  be  opened,  and  the  balls  replaced.  With 
regard  to  Mr.  Merivale's  remarks  as  to  the  difficulty  he  had 
experienced  in  obtaining  efficient  electrical  engineers  nowadays, 
and  thai  these  men  were  snapped  up  by  the  armament  factories. 
tie  (Mr.  Davis)  might  state  that  all  private  industries  were 
suffering  from  the  loss  of  highly-trained  men,  and  this  loss  was 
likely  to  increase  in  intensity  so  long  as  the  present  war  continued. 
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Mr.  C.  C.  Leach  had  asked  what  was  the  approximate  cost  of 
the  apparatus,  and  staled  that  it  seemed  very  complicated.  With 
regard  to  the  first  question,  he  would  ask  Mr.  Leach  to  be  good 
enough  to  put  himself  into  communication  with  the  makers; 
and  with  regard  to  the  second,  if  Mr  Leaeli  could  design  an 
apparatus  less  complicated  and  less  likely  to  get  out  of  order, 
there  was  an  excellent  opening  for  him. 

In  reply  to  the  question  asked  by  Mr.  Andrews  in  his  written 
contribution,  the  onsetter  was  supplied  with  an  extra  wire  and 
push,  by  which  he  could  cancel  any  signal  given  and  give  the 
fresh  signal  on  the  indicator  before  the  engine  started. 

The  President  (Mr.  T.  Y.  Greener)  proposed  a  hearty  vote  of 
thanks  to  Mr.  Davis  for  his  paper,  and  to  Mr.  Ashby  for  reading 
the  same  and  demonstrating  the  apparatus. 

Mr.  John  H.  Merivale  seconded  the  resolution,  which  was 
cordially  adopted. 


A  mine-signalling  apparatus  was  exhibited,  described,  and 
demonstrated  by  the  Sterling  Telephone  and  Electric  Company, 
Limited. 
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THE  NORTH  OF  ENGLAND  INSTITUTE  OF  MIXING  AND 
M  ECHAN ICAL  ENG  I N  E  ERS. 


GENERAL  MEETING, 

Held  in  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 

April  10th,  1915. 


Mr.  T.  Y.  GREENER,  President,  in  the  Chair. 


The  Assistant  Secretary  read  the  minutes  of  the  last 
General  Meeting",  and  reported  the  proceedings  of  the  Council  at 
their  meeting's  on  March  27th  and  that  day. 


The    following    gentlemen    were    elected,    having    been    pre- 
viously nominated:  — 

Member- 
Mi-.  Stanley   Robert    Mutch,    Colliery    Proprietor,    East    Lodge,    Seaton, 
Workington. 

Associates— 
Mr.  Coverdale  Smith  Anderson,   Colliery  Under-manager,  Bilton  Banks, 

Lesbury,  Northumberland. 
Mr.  Thomas  Cummins  Hann,   Fore-overman,  6,   East   View   Terrace,   High 

Heworth,  Gateshead-upon  Tyne. 
Mr.  Arthur   Walker,    Colliery   Overman,    4,    Albert    Place,    Washington, 

County  Durham. 

Students— 

Mr.  Norman  Dixon,  Mining  Student,  Shilbottle  Colliery,  Lesbury,  Northum- 
berland. 

Mr.  Edward  Roderick  Mutch,  Engineering  Apprentice,  389,  Luton  Road, 
Chatham 
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DISCUSSION  OF  MR.  B.  C.  GULLACHSEN'S  PAPEK  OK 
"HYDRAULIC  STOWING  IN  THE  GOLD-MINES  OF 
THE  WITWATERSRAND."* 

Mr.  Mark  Ford  (Washington)  said  thai  at  the  last  meeting 
Mr.  Gullachsen  had  stated  that  with  hydraulic  stowing  75  per 
(■nit.  of  the  excavated  space  was  filled,  and  they  were  also  told 
that  there  would  be  no  subsidence.  Now-,  in  the  case  of  a  seam 
8  feet  thick,  if  75  per  cent,  were  filled  with  stowing,  2  feet  would 
remain  unfilled.  He  (Mr.  Ford)  would  like  to  know  whether  the 
advocates  of  hydraulic  stowing  meant  that  in  the  ease  of  a  2-foot 
seam  there  would  be  no  subsidence.  He  thought  it  was  not 
quite  (deal'  as  to  whal  space  was  actually  filled  by  hydraulic 
stowing. 

The  President  (Mr.  T.  Y.  Greener)  remarked  that  his  recol- 
lection of  what  Mr.  Gullachsen  said  was  that  it  would  not  be 
necessary  to  use  hydraulic  stowing'  in  more  than  75  per  cent,  of 
the  area.  He  had  not  understood  him  to  say  that  part  of  the 
seam  would  not  be  completely  stowed,  but  that  there  were  parts 
of  the  mine  in  which  it  would  be  unnecessary  to  use  hydraulic 
stowing-.  He  thought  that  it  was  perfectly  obvious  that  sub- 
sidence would  follow  the  working  of  any  seam,  whether  it  was 
thick  or  thin,  and  irrespective  of  the  depth  at  which  it  lay. 
Therefore,  if  only  three-fourths  of  an  8-foot  seam  was  hydraulic- 
ally  stowed,  and  the  remaining  fourth  was  left  unstowed  and 
open,  there  could  be  no  doubt  in  his  mind  that  subsidence  would 
follow.  It  would  be  less  than  would  follow  the  extraction  of  8 
feet  of  coal,  but  there  would  be  subsidence. 

Mr.  B.  C.  Gullachsen  (Tynemouth),  in  reply,  said  that  he 
could  not  recollect  making  any  statement  to  the  effect  that  only 
75  per  cent,  of  the  area  was  filled.  If  he  had  done  so,  it  certainly 
was  not  his  meaning.  Every  portion  of  the  space  was  filled, 
and  it  was  found  that  the  subsidence  amounted  to  about  2  or  •'! 
per  cent,  after  the  pressure  came  on. 

The  President  (Mr.  T.  Y.  Greener)  said  that  what  he  thought 
Mr.    Gullachsen  did  say  was  that  it  was  not  necessary  to  stow 

*  Trans.  Inst.  M.E.,  1914,  vol.  xlviii. ,  pages  122  and  314  ;  and  1915,  vol.  xlix., 
page  88. 


260  DISCUSSION' HYDRAULIC    STOWING    IN    GOLD-MINES. 

the  whole  area  of  the  mine,  as  there  might  be  certain  parts 
in  which  hydraulic  stowing  was  not  required.  Would  Mr. 
Gullachsen  slate  whether,  when  he  said  that  the  subsidence 
was  2  or  •'!  per  cent.,  he  meant  the  subsidence  of  the  surface  or 
of  the  stowing"  itself. 

Mr.  Gullaciisex  replied  that  it  was  2  or  3  per  cent,  of  the 
stowing  itself. 

The  President  (Mi  .  T.  Y.  Greener)  remarked  that  in  the  case 
ot  an  8-foot  seam,  the  subsidence  would  therefore  be  about  3 
inches. 

Mr.  Gullachsen  said  that  with  regard  to  the  filling-up  of 
the  entire  area,  it  was  more  or  less  obvious  that  it  was  not  neces- 
sary to  pack  the  whole  of  the  mine  with  material,  but  only  the 
portions  where  it  was  most  essential.  In  South  Africa  it  had  been 
found  that,  as  at  many  of  the  older  mines  the  area  round  the 
shaft  had  been  too  extensively  mined,  and  even  the  shaft-pillars 
removed  in  some  cases,  the  result  was  that  constant  trouble  was 
experienced  with  movement  of  the  shaft-walls;  but,  after 
hydraulic  stowing  had  been  employed  for  packing  the  area  of 
excavated  ground  around  the  shaft,  no  further  trouble  was  met 
with.  It  was  not  absolutely  necessary  to  stow  in  all  directions 
where  there  was  nothing  on  the  surface  that  would  be  damaged 
by  the  small  amount  of  subsidence;  but  under  important  build- 
ings it  was  necessary  to  do  so. 


DISCUSSION  OF  MR.  H.  W.  G.  HALBAITM'S  PAPER  ON 
"  THE  LATERAL  FRICTION  OF  WINDING-ROPES."* 

Mr.  H.  W.  G.  Halbaum  (Cardiff)  wrote  that  the  discussion  up 
to  the  present  had  followed  almost  precisely  the  lines  that  he  had 
expected  it  to  take,  and  had  fully  justified  the  statement  made 
towards  the  end  of  the  paper.  That  statement  was  to  the  effect 
that,  although  most  practical  men  were  fully  familiar  with  all 
the  admittedly  dry,  colourless,  and  stale  data  enumerated  in  the 

*  Trans.  Inst.  M.  E.,  1915,  vol.  xlix.,  page  125. 
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paper,  il  was  nevertheless  possible  that  many  did  not  realize  to 
what  conclusions  a  thoughtful  consideration  of  those  data  led. 
The  conclusion  to  which  he  had  come — and  to  which  he  hoped 
that  at  least  a  few  other  members  of  that  Institute  had  also 
arrived — was  that  there  was  room  for  improvement  on  the  theory 
of  the  text-books  and,  to  some  extent,  upon  the  practice  based  on 
these  text-books. 

Some  of  his  critics  had  upbraided  him  for  adopting-,  even 
for  merely  illustrative  purposes,  a  nominal  safety-factor  of  10 
for  the  winding-rope.  If,  however,  they  would  refer  to  Mr. 
AVestgartlvs  table  of  particulars,  obtained  from  thirteen  differ- 
ent collieries,  they  would  see  that  the  average  factor  of  practice 
was  actually  greater  than  10.  In  only  one  case  was  the  value 
much  less  than  10,  and  in  that  particular  instance  the  life  of 
the  winding--rope  ended  in  six  months.  Hence,  it  appeared, 
not  only  from  the  text-books,  and  not  only  from  his  own  per- 
sonal observation,  but  also  from  M|r.  West  garth's  carefully 
compiled  tables,  that  a  nominal  safety-factor  of  10  was  fairly 
consistent  with  the  best  practice — perhaps  it  would  be  safer  to 
say  with  good  average  British  practice  up  to  a  very  recent  date, 
a  date,  in  fact,  which  was  not  yet  very  many  months  old. 

He  had  also  been  attacked — again  in  connexion  with  a  non- 
committal illustration — for  making  the  drum-diameter  120  times 
greater  than  that  of  the  rope-diameter.  He  felt  extremely  grati- 
fied to  know  that  he  had  forestalled  those  criticisms  by  having 
submitted  his  promised  supplementary  paper  to  the  Council  of 
the  Institute  before  these  cutting  criticisms  had  reached  him. 
It  would  be  seen  in  that  paper  what  his  actual  views  really  were. 

But,  on  again  referring  to  Mr.  Westgarth's  valuable  table  of 
particulars,  it  would  be  noted  that  in  every  instance  where  the 
"  yard-tons  per  rope"  were  most  satisfactory,  the  ratio  of  drum- 
diameter  was  not  less,  but  very  much  greater,  than  the  figure 
employed  in  the  paper.  Hence,  neither  this  particular  ratio 
nor  that  of  the  nominal  safety-factor  could  be  considered  as 
impracticable  figures,  as  both  were  completely  consistent  with 
the  best  British  practice.  If,  therefore,  the  illustration  proved 
anything  at  all  beyond  the  merely  graphic  purpose  which  it  was 
originally  intended  to  serve,  it  was  that  the  ordinary  methods 
of  otherwise  good  British  practice  were  not  suitable  for  the 
deeper  pits  and  the  bigger  loads  which  were  at  present  coming 
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ii.id  vogue.  The  writer  was  particularly  pleased  to  know  that 
bis  ciitics  themselves  had  now  completely  approved  the  addi7 
limial  poinl  that  he  had  had  :n  view,  but  had  scarcely  dared  to 
make.  That  had  smoothed  his  way  enormously,  since  he  now 
felt  that  in  expressing  the  views  set  forth  in  his  supplementary 
paper,  he  would  he  also  voicing  the  general  feeling  of  the  more 
progressive  section  of  the  mining  community. 

He  would  therefore  beg  to  be  allowed  to  state  in  brief  what, 
in  his  opinion,  were  the  conclusions  referred  to  at  the  end  of 
the  first  paper — that  is,  the  conclusions  suggested  by  a  careful 
consideration  of  the  ver}-  bald  statements  therein  contained. 
It  might  be  premised  that  the  introduction  of  electric  winders 
and  speed-control  gears  had  made  many  things  possible  to-day 
thai  were  not  so  a  few  years  ago.  He  thought,  therefore,  that 
the  time  had  arrived  to  reopen  the  old  question  whether  the 
usual  wide  parallel  drum  should  not  be  superseded  by  the 
adoption  either  of  an  endless-rope  system  of  winding,  such  as 
the  Koepe  or,  preferably,  the  Whiting  system,  or  by  a  plain, 
ungrooved,  tapered  drum  employed  in  conjunction  with  simul- 
taneous decking  and  the  abolition  of  the  old-fashioned  keps 
system. 

Whichever  of  those  alternatives  were  adopted,  the  following 
results  would  accrue,  the  figures  being  based  on  the  example  of  a 
12-ton  load  of  coal  from  a  depth  of  800  yards. 

Result  1 :   The  complete  abolition  of  lateral  friction. 

Result  2  :  The  reduction  of  the  present  rope-cost  by  at  least 
one  half. 

Result  3  :  Longer  life  of  the  rope,  owing  to  less  frequent 
renewals  (following  on  the  abolition  of  lateral  friction). 

Result  4  :   Reduction  of  drum-diameters  by  some  40  per  cent. 

Result  5  :  A  corresponding  reduction  in  the  dimensions  of 
t  he  engines. 

Result  6 :  A  substantial  increase  in  the  actual  (as  opposed 
to   the  nominal)  factor  of  safety. 

If,  as  he  fully  believed,  there  was  a  prospect  of  securing 
such  desirable  results,  it  was  worth  while  to  discuss  the  practical 
question  of  ways  and  means,  and  in  his  second  paper  he  had 
that  object  in  view.  He  was.  indeed,  acquainted  with  one 
concrete  case  in  which  the  management  were  already  taking 
substantial  steps  in  the  direction  indicated,  and  he  predicted  with 
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some  confidence  that  the  success  finally  attained  would  be  com- 
mensurate with  the  enterprise  now  being  manifested. 

Since  writing  the  Foregoing  lie  had  received  the  Part  of  the 
Transactions  which  contained  the  final  report  of  the  discussion. 
Ee  had  purposely  postponed  the  examination  of  Mr.  Westgarth's 
tables  until  the  revised  proof  of  the  tables  was  forthcoming,  since 
it  appeared  evident  that  several  clerical  errors  had  crept  into  the 
galley-proof  first  received.  These  errors  had  now  been  cor- 
rected, and  he  had  also  had  t lie  table  printed  in  the  Trans- 
actions checked  with  the  original  table  appearing  in  the 
Proceedings  of  the  South  Wales  Institute  of  Engineers.  The 
discrepancies  yet  remaining  between  the  original  table  and  the 
copy  of  the  same  in  the  Transactions  were  two  only ;  one  in 
column  5,  where  the  angle  was  given  in  the  copy  at  36  seconds 
as  against  30  minutes  in  the  original.  Also  the  last  figures  in 
column  11  ought  to  be  163 ;  the  type  having  struck  badly  in  the 
copy. 

He  had  no  wish  whatever  to  depreciate  the  value  of  the  table 
compiled  by  Mr.  Westgarth.  It  contained  a  vast  amount  of 
data  which,  in  themselves,  were  most  valuable.  He  thought, 
however,  that  the  data  supplied  by  Mr.  Westgarth  were  not  quite 
sufficient  to  enable  one  to  furnish  any  such  complete  solution  of 
the  problem  as  Mr.  Westgarth  seemed  to  think. 

Moreover,  so  far  as  the  data  extended,  and  whether  accepted 
in  their  entirety,  or  whether  sifted  so  that  only  fairly  compar- 
able cases  remained,  the  conclusions  that  they  justified  were,  in 
his  opinion,  very  different  from  those  arrived  at  and  stated  by  Mr. 
Westgarth  in  his  paper  read  before  the  South  Wales  Institute  uf 
Engineers.  He  (Mr.  Halbaum)  hoped  to  be  able  to  prove  that 
-hi lenient  conclusively  at  the  next  meeting  of  the  Institute. 

In  the  meantime,  it  would  be  sufficient  to  say  that  the 
Secretary  of  the  Institute  had  received  a  letter  from  Mr. 
\\  estgarth  in  which  he  had  made  the  following  statement:  — 

"I  should  be  glad  if  you  will  kindly  inform  Mr.  Halbaum  that,  as  I  have 
reason  to  believe  he  was  acquainted  with  my  paper  to  the  South  "Wales  Institute  of 
Engineers,  it  was  a  breach  of  etiquette  on  his  pait  to  make  no  reference  to  it  in 
his  paper  to  your  Institute. " 

He  (Mr.  Halbaum)  would  ask  the  members  to  suspend  their 
judgment  on  that  supposed  "  breach  of  etiquette  "  until  the  next 
meeting,   when  he  hoped  to  be  able  to  show  that  not  only  was 
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there  no  breach  of  etiquette  on  his  part,  but  that  he  had  really 
done  Mr.  Westgarth  an  act  of  courtesy  by  ignoring  the  fact 
that  that  gentleman  had  previously  written  on  the  same  subject. 


Mr.  G.  G.  T.  Poole's  paper  on  "  The  Prevention  of  Over- 
winding' and  Overspeeding  in  Shafts"  was  taken  as  read,  as 
follows :  — 
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THE     PREVENTION     OF     OVERWINDING     AND 
OVERSPEEDINCt  IN  SHAFTS. 


By  G.  G.  T.  POOLE. 


Overwinding. — The  subject  of  the  prevention  of  overwind- 
ing in  shafts  has,  owing  to  the  passing  of  the  recent  Coal 
Mines  Act,  received  much  attention  and  thought  from  the 
mining  engineer.  Many  types  of  overwinding  gears  have  been 
designed,  aud  are  now  working  in  conjunction  with  the  wind- 
ing-engines at  various  collieries  throughout  the  country; 
and,  as  no  useful  purpose  would  be  served  in  giving  individual 
descriptions  of  these  gears,  the  writer  proposes  to  devote  his 
attention  to  a  description  of  the  connexions  between  the  over- 
winding gear  and  the  winding-engine,  and  the  points  which  it 
is  needful  to  observe  in  order  that  the  gear  shall  be  essentially 
a  safety-gear. 

It  should  be  clearly  understood  that  the  overwinder  itself, 
when  brought  into  action,  merely  operates  the  gear  actuating 
the  brakes  and  the  throttle-valve ;  it  does  not  actually  apply  the 
brakes,  neither  does  it  close  the  throttle-valve.  For  absolute 
safety,  therefore,  it  will  be  seen  that  not  only  must  the  over- 
winder  be  working  satisfactorily,  but  also  the  brake-gear  and 
the  throttle-valve  gear  must  be  absolutely  reliable  in  working. 
It  is  to  the  consideration  of  these  last-named  connexions  that 
the  writer  intends  to  devote  his  paper. 

The  overwinder  should  be  set  to  work  between  the  two  fixed 
points,  namely,  the  top  and  bottom  of  the  pit,  and  for  any 
movement  of  the  cages  beyond  these  points  it  should  act  immed- 
iately. This  will  not  only  prevent  any  accident  due  to  an  over- 
wind, but  will  also  prevent  the  cage  from  running  up  into  the 
headgear  if  the  winding-engineman  should  start  his  engine  in 
the  wrong  direction. 

Coming  now  to  the  actual  conditions  when  winding,  supposing 
that  A-B  in  Fig.  1  represents  the  total  length  of  wind,  B-C 
the  distance  from  the  top  of  the  pit  to  the  headgear,  A-F  the 
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listance  in  which  to  acquire  acceleration,  and  G-B  the  dis- 
tance traversed  during-  retardation,  and  assuming  a  uniform 
rate  oJ  acceleration  and  retardation,  the  curve  A-D-E-B,  repre- 
senting the  velocity  of  the  cages  in  the  shaft  during  the  whole 
of  the  wind,  is  obtained.  Now  in  the  case  of  an  overwind  when 
coining  to  hank  the  overwinder  will  come  into  action  at  the 
point  H.  causing  the  steam  to  he  shut  off  and  the  brakes  applied, 
I hr  distance  in  which  the  cages  must  be  brought  to  rest  being 
B-C. 


43     FEET    PER     SECOND. 


I.OOO    FEET. 


Pig.   1. 


-Representing  the  Conditions  when  Working  without  the 
Overspeed  Device. 


The  same  remark  will  apply  to  the  case  where  the  winding- 
engineman  starts  his  engine  in  the  wrong  direction;  the  cages 
must  be  brought  to  rest  in  the  distance  B-C,  and  where  the 
brakes  are  capable  of  holding  the  working  unbalanced  load 
without    slipping,   this  distance  should   be   at   least  15  feet. 

The  writer  will  now  consider  the  case  where  the  winding- 
engineman,  through  some  cause  or  other,  loses  control  of  his 
engine  and  the  cage  conies  to  bank  at  full  speed,  instead  of 
slowing  down  at  the  point  E  and  coming  to  bank  gradually. 
Full  speed  will  be  maintained  up  to  the  point  H,  the  overwinder 
will  now  come  into  action,  and  the  brakes  will  have  to  be 
powerful  enough  to  bring  the  cages  to  rest  in  the  distance 
/!-('.  In  this  case,  however,  not  only  must  the  brakes  be 
capable  of  holding  the  unbalanced  load,  but  they  must  also  be 
capable  of  overcoming  the  energy  of  the  moving  parts,  and 
strong  enough  to  resist  the  extra  strain  caused  by  the  sudden 
application  of  the  brakes  at  full  speed.  Thus  it  will  be  seen 
that,  in  order  to  avoid  excessive  brakes  and  minimize  the  risk 
of  an  accideni  due  U>  extra  strains,  it  is  necessary  that  some 
device    should    be    used    on    the    overwinder    wherebv    excessive 
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speeds  when  coming  to  bank  may  be  prevented,  and  that  the 
jKiint  at  which  this  device  should  act  is  just  beyond  E,  where 
retardation  commences. 

[Taking  the  case  in  which  this  device  is  in  use,  the  conditions 
will  be  as  shown  in  Fig.  2.     E  is  the  point  at  which  retardation 
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t.ooo  rssr. 


Fig.  2. — Representing  the  Conditions  when  Working  with  the 
Overspeed  Device. 


commences,  but  if  this  point  should  be  overrun,  then  the  over- 
speed  device  on  the  overwinder  will  come  into  action  at  the  point 
J ,  and  the  brakes  should  be  able  to  bring  the  cages  to  rest 
either  at  the  point  B  or  at  the  point  C.  This  increase  in  distance 
over  which  the  brakes  may  act  will  allow  of  a  lighter  brake 
being  used,  and  will  prevent  excessive  strain.  By  taking  a 
numerical  example,  the  foregoing  cases  may  be  more  clearly 
illustrated.       The  writer  will  assume  the  following  conditions: — 

Depth  of  pit  =  1,000  feet  ...  =  A-B. 

Distance  from  pit  to  headgear  =  40  feet  =  B-C. 
Weight  of  cage  and  chain  ...  ...     4  tons. 

Number  of  decks  per  cage 
Number  of  tubs  per  deck  ... 
Weight  of  each  tub 
Weight  of  coal  per  tub 
Maximum  speed  of  winding 
Weight  of  (4.j-inch)  rope,  about    . 
Weight  of  drum  (11  feet  in  diameter 
Weight  of  each  sheave 


5  cwts. 
10  cwts. 

45  feet  per  second. 
20  pounds  per  fathom. 
16  tons. 

1  ton. 


Then,  assuming  a  uniform  rate  of  acceleration  and  retards 
tion.    the  following   is   obtained:  — 

Velocity 45 

Time      of     acceleration       6-5 
6-9  feet/sec./sec.  =  "«." 

Time  taken  to  acquire  acceleration  ==  6-5  seconds  =  "/«." 


Rate     of      acceleration  = 
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Space  traversed  during  acceleration  =  \  a  ta-  =  \  x  6-9  x 
(6-5)2  =  145  feet,  represented  by  A-F  in  Figs.  1  and  2. 

Rate  of  retardation=rfr £ —       j   ,• — =-o-=5-6feet/sec./sec. 

lime  ot  retardation      b 

=  "  /•." 

Time  taken  during  retardation  =  8  seconds  =  "  tr" 

Space  traversed  during  retardation  =  h  r  tT-  =  \  x  5-6  x  (8)2 
=  180  feet,  represented  by  O-B  in  Figs.  1  and  2. 

Total  depth  1,000  44-9  feet  sec, 

Maximum  velocitj  =-^7^=3^+15-^4^  45  feet  sec. 
2  2 

Time  taken  15  seconds  =  "t." 

Space  traversed  =  Velocity  x  Time  =45  x  15  =  675  feet,  repre- 
sented by  F-G  in  Figs.  1  and  2. 

The  working  unbalanced  load  is  the  weight  of  the  coal  plus 

the  weight  of  the  rope,  and  equals  2  tons  of  coal +  3,333  pounds 

(1,000  feet  of  rope)  =  7,813   pounds;    and  if  the   co-efficient  of 

friction  be  taken  at  0'3,  the  frictional  force  to  be  exerted  by  the 

7  813 
brakes  will  be  4ro^  pounds,  or  26,043  pounds. 

Xow  the  energy  of  the  moving  parts  is  the  energy  of  the 
cages,  etc.,  in  the  shaft,  and  the  energy  of  the  drum  and 
sheaves.  The  total  weight  in  motion  at  maximum  speed  is 
as  follows : — 

Tons.  Cwts. 
Two  cages  and  chains    ...         ...         ...         S  0 

Eight  tubs  2  0 

Coal  2  0 

Rope  (approximately)    ...  ...  ...  1  15 

Total         13  15  =  30,800  pounds. 

~     ,.                      WV2      30,800  x452,    ,  ,  . 

JKmetic  energy  =  — ^ =  —    „.. toot-pounds,  or  nearly 

970,000  foot-pounds. 

The  radius  of  gyration  of  the  drum  and  sheaves  is  approxi- 

45  x  4 
mately  4  feet,  the  velocity  at  this  radius  being  —t~e —  feet  per 

second,   say  33  feet  per  second.     The  total  weight  rotating  at 
this  velocity  is  as  under :  — 

Drum 

■Sheaves     ... 

Rope  (approximately)    ... 

Total       19  10  =  43,680  pounds. 


Tons. 

Cwts. 

16 

0 

2 

0 

1 

10 
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Kinetic  energy  =  '  r  ±±  foot-pounds,  or  nearly  740,000 
foot-pounds. 

The  total  energy  of  the  moving  parts  is  970,000  +  740,000  = 
1,710,000  foot-pounds.  The  frictional  force  has  already  been 
found   to    be  26,043    pounds;    hence    the    space    passed   over   in 

bringing  the  cages  to  rest  will  be op  njq    ^ee^'  or  ^5-5  feet.* 

Consequently,   it   the  cages  came  to  bank  at  full  speed,  the 

brakes  would  not  be  powerful  enough  to  stop  the  cages  in  time 

to  prevent  them  from  running  into  the  headgear,  and  it  would 

be  necessary  to  have  a  device  for  checking  the  speed  of  winding 

when  coming  to  bank,  so  as  to  prevent  an  accident.     In  many 

winding-engines,     however,     the     brakes     are     made     powerful 

enough   to   hold   the   maximum   unbalanced   load,    namely,    the 

weight  of  one  cage  and  chain,   and  one  rope;   and  taking  this 

case  the  maximum  unbalanced  load  would  be — 4  tons  (cage  and 

chain) +  3.4H7  pounds  (1,040  feet  of  rope)  =  12,427  pounds;  and, 

by  taking  a  co-efficient  of  friction  of  0"3,   the  frictional  force 

12  427 
would  be   •  "A  o~   pounds,  or   41,423   pounds.      Hence   the   space 

.  ,    .     .       ..  ,         ,     ...  .     1,710,000  .    , 

passed  over  in  bringing  the  cages  to  rest  will  be      ,,  .9q     ieet, 

or  41-3  feet.* 

Thus  in  this  case  also  the  brakes  will  not  be  powerful  enough 
to  bring  the  cages  to  rest  within  the  40  feet  from  the  top  of  the 
pit  to  the  headgear ;  consequently,  either  the  braking  force 
must  be  increased,  or  else  the  device  must  be  used  for  preventing 
excessive  speed  when  coming  to  bank. 

The  particular  type  of  brake  which  it  is  advisable  to  use 
will  depend  upon  the  conditions  of  working ;  but  it  may  be  men- 
tioned that  if  a  band-brake  is  employed  it  should  be  a  complete 
band,  and  not  half  a  band,  so  as  to  obtain  the  full  braking 
effect  when  the  engine  is  running  in  either  direction.  The 
brakes  may  be  operated  either  by  a  brake-engine  or  by  a 
weighted  lever,  and  may  be  connected  to  the  overwinder  either 
independently  of  the  driver's  lever,  or  conjointly  with  it.  If  a 
brake-engine  is  used  to  work  with  the  overwinding  gear  only, 
it  should  be  tested  frequently  so  as  to  ensure  its  proper  work- 
ing ;  and  if  a  weighted  lever  is  used,  it  should  be  connected  with 
an  oil  dash-pot  in  order  to  relieve  the  force  of  application  of  the 
weights. 

*  See  the  author's  reply  on  page  23. 
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Having  dealt  with  the  cases  of  overwinding,  the  writer  will 
now   consider   the  cases   of  overspeeding. 

Overspeeding . — As  already  mentioned,  the  speed  should  bt 
controlled  when  coming  to  bank,  but,  in  addition  to  this,  the 
speed  of  winding  should  be  controlled  during  the  whole  length 
of  the  wind:  if  the  winding-engine  has  no  governor  for  con- 
trolling the  speed  of  the  engine,  then  some  means  should  be 
provided  on  the  overwinder  itself.  The  arrangement  should  be 
such  that  if  the  maximum  speed  of  winding  be  exceeded  the 
overspeed  device  on  the  overwinder  will  act  on  the  throttle-valve 
only,  thus  shutting  off  the  steam  and  allowing  the  speed  of  the 
engine  to  be  reduced :  and  when  the  speed  is  reduced  by  a 
sullii  lent  amount,  the  engineman  should  be  able  to  open  the 
valve  again,  without  having  to  stop  the  engine.  This  can  be 
done  by  making  the  main  valve  into  a  combined  trip-and- 
throttle-valve,  the  tripping  arrangement  being  connected  to  the 
overwinder  and  the  opening  arrangement  to  the  engineman's 
hand-lever.  Both  of  these  arrangements  should  be  independent, 
and  yet  work  conjointly  with  one  another.  The  valve  when 
tripped  would  close,  and  as  soon  as  the  speed  becomes  normal 
again,  the  engineman  should  be  able  to  open  the  valve  by 
moving  his  lever  back  and  making  connexion  with  the  opening 
arrangement.  The  disadvantage  of  this  valve  is  that  the 
throttle-valve  is  usually  some  distance  from  the  engine-cylinder, 
and  consequently  when  the  valve  is  tripped  there  is  still  a 
certain  amount  of  steam  to  be  used  up  between  the  valve  and 
the  cylinder.  One  great  advantage,  however,  is  that  as  the 
valve  is  in  constant  use  it  will  be  free  and  easy  in  working,  and 
when  it  is  tripped  there  will  be  no  fear  of  the  valve  sticking 
and  failing  to  close. 

If,  however,  it  should  be  desired  to  keep  the  main  valve 
as  a  throttle-valve  only,  then  a  separate  trip  throttle-valve  con- 
nected direct  to  the  overwinder  may  be  used.  When  an  over- 
wind or  overspeed  takes  place  this  valve  is  tripped,  shutting  off 
the  steam  without  in  any  way  affecting  the  main  throttle-valve; 
the  brakes,  however,  must  be  applied  at  the  same  time,  because 
the  engineman.  having  lost  control  of  his  engine,  due  to  the 
steam  being  cut  off,  is  absolutely  relying  upon  the  brakes  to 
bring  the  engine   to  rest.     Whenever  a   separate  trip   throttle- 
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valve    is    used,    ii    should   be  tested   frequently,    in   order  to   see 
thai  it  is  free  from  any  sticking  and  will  work  satisfactorily. 

Another  point  which  should  be  considered  is  that  the  over- 
speed  <>v;ir  on  the  overwinder  should  be  capable  of  working 
effectively  at  two  differenl  speeds— that  is,  when  winding  coal 
and  when  winding  men.  It  is  essential  that  a  certain  speed 
should  not  be  exceeded  when  the  gear  is  winding  men,  and 
consequently  the  overwinder  should  be  capable  of  being  set 
for  working  at  that  speed,  independently  of  the  speed  attained 
nli r  11  winding  coal. 


Mr.  H.  W.  G.  Halbattm  (Cardiff)  wrote  that  he  had  read 
Mr.  Poole's  paper  with  keen  interest.  The  author  was  to  be 
congratulated  on  his  courage  in  tackling  ;i  subject  the  fascina- 
tion of  which  was  only  exceeded  by  its  difficulties.  In  view  of 
the  complexity  of  the  problem,  it  behoved  one  to  move  warily, 
but  he  hoped  that  the  author  would  not  take  it  amiss  if  he 
(Mr.  Halbaum)  ventured  to  say  that  he  found  himself  in  some 
disagreement  with  what  he  understood  to  be  the  author's 
position.  He  thoroughly  agreed  that  speed-controlling  gear 
should  be  operative  throughout  the  wind,  and  not  merely  during 
a  part  of  it;  but  lie  was  unable  to  agree  with  the  author  as  to 
the  brake-force  required  in  the  event  of  the  speed-cont; ol  gear 
failing  to  act. 

He  thought  that  agreement  on  that  point  was  essential, 
because  it  was  just  as  possible,  and  just  as  great  an  evil,  to 
have  too  much  brake-force  (of  the  automatic  kind)  as  it  was  to 
have  too  little.  Supposing,  for  instance,  that  the  brake-power 
could  and  did  stop  the  drum  "  dead  "  as  the  ascending  cage 
passed  the  banking-level  at  the  speed  named  by  the  author. 
In  that  case,  the  kinetic  energy  of  the  cage  would  carry  it  to 
a  height  of  some  10^  yards  above  the  banking-level,  whence, 
by  reason  of  the  slack  rope,  it  would  drop  back  through  the 
same  distance  before  the  rope  was  jerked  taut,  or,  perhaps, 
jerked  in   two. 

It  seemed  clear,  therefore,  that  in  no  case  should  the  auto- 
matically-acting brake-force  be  so  great  as  to  be  able  to  arrest 
the  rotation  of  the  drum  before  the  ascending  cage  had  had 
time  to  exhaust  its  kinetic  energy.     In  other  words,   the  gear 
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should  be  so  designed  that  it  could  be  depended  on  to  bring  the 
machinery  to  rest  within  a  distance  not  greater  than  40  feet 
nor  less   than   31£   feet. 

Tt  should  be  noted,  however,  that  although  such  perfectly- 
designed  automatic  gear  might,  and  probably  would,  be  most 
faithful  to  its  trust,  it  was  obviously  quite  destitute  of  the 
human  element  of  discrimination.  It  would  do  this  or  that: 
no  more  nor  less.  It  was  desirable,  therefore,  that  this  rigidity 
of  action  in  the  gear  should  be,  as  far  as  possible,  duplicated 
in  the  rigidity  of  the  conditions  under  which  such  action  might 
take  place. 

For  example,  under  any  conditions  such  as  those  described 
by  t lie  author,  there  should  be  no  doubt  beforehand  as  to  the 
intensity  of  the  brake-force  that  would  be  automatically  brought 
into  play ;  nor  should  there  be  any  doubt  as  to  the  magnitude 
of  the  forces  which  would  be  opposed  to  it.  Thus,  inter  alia, 
there  should  be  no  doubt  as  to  what  would  happen  to  the 
descending  cage  in  such  circumstances,  nor  as  to  the  precise 
instant  at  which  such  happening  would  occur.  If  those  and 
similar  factors  were  not  known  beforehand,  neither  could  the 
required  brake-power  be  accurately  estimated  in  advance.  Of 
course,  he  did  not  insinuate  that  the  author  had  actually  said 
anything  to  the  contrary;  but  Mr.  Poole's  figures  did  seem  to 
imply  that  he  had  not  taken  those  factors  sufficiently  into  con- 
sideration. 

In  the  first  place,  he  did  not  gather  precisely  what  the 
author  meant  by  the  "  frictional  force."  Did  he  mean  the  gross 
force  applied  to  the  brake,  or  did  he  mean  the  net  effective  force 
applied  by  the  brake  and  transmitted  to  the  drum  oppositely  to 
the  line  of  its  rotation  ?  To  use  the  author's  figures,  if  a  brake 
was  just  able  to  hold  an  unbalanced  load  of  7,813  pounds,  the 
effective  force  would  be  7,813  pounds,  and,  with  a  co-efficient 
of  0'3,  the  gross  force  applied  to  the  brake  must  be  some  26,000 
pounds.  If  so,  only  three-tenths  was  effective,  since  all  it  could 
do  was  to  hold  securely  a  load  of  7,800  pounds.  It  appeared  t3 
himself  that  if  the  efficiency  of  the  brake  was  0*3  under  normal 
conditions,  it  would  be  little  different  under  the  abnormal  condi- 
tions described  in  the  paper.  But,  in  the  example  given,  the 
author  bad  divided  the  kinetic  energy  by  the  gross  force  of  26,000 
pounds.     Was  it  not  the  effective  force  of   7,800  pounds  that 
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should  have  been  employed  as  divisor?  A  similar  error — if  error 
it  really  were — occurred  in  the  example  that  followed. 

From  the  author's  figures,  the  entire  kinetic  energy  was 
1,710,000  foot-pounds  (actually,  it  was  a  little  less),  and, 
according  to  his  (Mr.  Halba urn's)  reading  of  the  paper,  Mr. 
Poole  proposed  to  provide  brake-force  sufficient  to  wipe  out  the 
whole  of  that  in  a  distance  of  40  feet.     That  would  require  an 

effective    brake-force    equal    to      '    . X —  =  42,750    pounds,    or 

over  19  tons.  Was  not  that  much  in  excess  of  the  amount  really 
required  ? 

He  (Mr.  Halbaum)  suggested  that  (apart  altogether  from 
friction)  the  system  contained  other  retardative  forces  as  well  as 
that  represented  by  the  brakes.  For  example,  if  the  ascending 
cage  passed  the  banking-level  at  a  speed  of  45  feet  per  second, 
the  descending  cage,  at  the  same  instant,  and  with  the  same 
speed,  would  strike  the  pit-bottom.  It  was  clear  that  if  the 
landing-place  was  solid,  or  practically  so,  the  kinetic  energy  of 
the  descending  cage  extinguished  itself  automatically.  To  use 
an  apt  electrical  phrase,  the  lower  end  of  the  system  was,  liter- 
ally, "efficiently  earthed."  Hence,  5  tons  of  cage,  tubs,  and 
chains  at  once  fell  outside  any  system  of  brakes. 

The  case  of  the  ascending  cage  was  more  interesting.  A 
velocity  of  45  feet  per  second  in  the  kinetic  energy  corresponded 
with  a  height  of  81'444  feet  in  its  potential  equivalent.  Hence, 
left  to  itself,  the  ascending  cage  would  have  no  kinetic  energy 
remaining  at  a  height  of  31'444  feet  above  the  banking-level. 
Not  only  so,  for  the  allowable  height  was  40  feet,  and,  obviously, 
the  unbalanced  load  could  only  negotiate  the  remaining  8|  feet 
of  the  distance  by  absorbing  energy  from  the  rest  of  the  system. 
According  to  his  calculations,  some  840,000  foot-pounds  of  the 
kinetic  energy  would  be  absorbed  in  the  manner  described,  to 
say  nothing  of  the  additional  absorption  effected  by  the  friction 
of  the  moving  parts.  The  brake-force  required  in  that  not 
unlikely  case  would  be  21,600  pounds,  as  against  42,750  pounds 
estimated  by  the  author. 

If,  however,  in  a  case  of  the  order  just  illustrated,  the  42,750 
pounds  of  effective  brake-force  were  actually  provided,  and  came 
into  action,  the  drum  would  be  stopped  in  less  than  three-fifths 
of  a  revolution,  after  which  the  ascending  cage,  by  virtue  of  its 
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kinetic  energy  alone,  would  continue  its  upward  course  (against 
the  slack  rope)  for  11  feet  more,  and  then  drop  back  through  the 
same  distance  before  the  rope  again  became  taut.  The  possible 
consequences  could  only  be  imagined. 

lie  had  pointed  out  this  particular  aspect  of  the  case,  in  order 
to  demonstrate  the  truth  of  the  statement  made  at  the  com- 
mencement of  his  remarks,  namely,  that  the  provision  of  too 
much  brake-force  of  the  automatic  order  was  just  as  great  an 
evil  as  the  provision  of  too  little. 

Mr.  A.  "W.  Brown  (Manchester)  wrote  that  Mr.  Poole  was 
to  be  thanked  for  his  paper,  which  should  give  rise  to  a  brisk 
discussion.  It  was  to  be  hoped  that  it  would  increase  the 
general  knowledge  concerning  the  principles  of  design  and 
operation  of  overwind  and  overspeed  preventers. 

AVinding-engines  were  seldom  fitted  with  brakes  sufficiently 
powerful  to  stop  the  cages  from  full  speed  within  the  short  dis- 
tance between  bank-level  and  the  detaching  bell.  It  followed, 
therefore,  as  Mr.  Poole  had  pointed  out,  that  an  overspeed  pre- 
venter was  a  necessity. 

A  properly-designed  and  fitted  overspeed  and  overwind 
device  would  prevent  sudden  excess  strains  coming  on  the 
winding-drum  and  ropes  through  the  sudden  application  of  the 
full  braking  force.  The  brakes  themselves  should  be  strong 
enough  to  withstand  the  strain  of  a  sudden  application,  but  the 
heat  generated  might  give  rise  to  difficulties  which  were 
doubtless  appreciated  and  provided  for  by  the  makers  of  winders. 

Mr.  Poole's  calculations  regarding  braking  effects  appeared 
to  be  somewhat  unorthodox.  In  the  case  of  a  brake  just 
powerful  enough  to  hold  an  unbalanced  load  of  7,813  pounds 
with  a  co-efficient  of  friction  of  03,  he  calculated  that  the  "  fric- 
tional  force  "  was  26,043  pounds,  and  actually  used  this  value  to 
calculate  the  stopping  distance  of  a  winder  with  1,710,01)0  foot- 
pounds stored  energy,  stating  it  as  "Wn'jo-  =  65*5  feet.     With 

this  method  of  calculation,  it  followed  that  the  higher  the  co- 
efficient of  friction  was,  the  longer  was  the  stopping  distance,  and 
vice  versa.  This  was  unthinkable,  yet  the  same  method  was  used 
by  Mr.  Poole  later  in  his  paper,  so  that  it  could  scarcely  be 
termed  an  oversight. 
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Actually,  Mr.  Poole's  *'  frictiona]  force  "  was  ilie  pressure 
required  on  the  brake-blocks  acting  at  the  drum  radius  in  order 
to  give  the  required  frictional  drug,  and  concerned  only  the 
design  of  the  brake-gear. 

Accepting  Mr.  Poole's  figures  for  the  stored  energy  and 
weight  of  drum,  etc.,  the  following  was  a  correct  calculation 
(by  the  slide-rule)  of  the  stopping  distance,  assuming  that  the 
brake-drag  was  the  same  at  all  speeds;  that  the  brakes  just  held 
an  unbalanced  load  of  7.81M  pounds;  and  that  no  allowance  was 
made  for  the  retarding  effect  of  the  load. 

Pounds. 

Tvr            c                                          30>800               i  OKr 

Mass  of  rope,  cages,  etc.,  pounds  =         ...         ...         955 

43  680 
Mass  of  drum,  sheaves,  etc.,  referred  to  a  4-foot  radius,      '        pounds  =    1,355 

Mass  of  drum,  sheaves,  etc.,  referred  to  a  5i-foot  radius  (diameter  of 

drum,    11    feet)    1,355  x  f|-J    =      710 

Total  mass,  955  +  710  =  1,665  pounds. 

7  813 
Since  F  =  Ma,  deceleration  produced  by  the  brake  p,>~H  =  4*7  feet/sec. /sec. 

45 
From  a  velocity  of  45  feet  per  second  the  winder  would  stop  in  —  =  9*56  seconds. 

Distance  traversed  S  =  \  x  4-7  x  9*56'"  =  215  feet. 

This  was  very  different  from  the  65'5  feet  arrived  at  by  Mr0 
Poole,  but  he  ventured  to  claim  that  there  was  no  flaw  in  the 
above  solution. 

In  a  similar  manner,  a  brake  which  could  hold  the  maximum 
unbalanced  load  of  12,427  pounds  would  stop  the  winding-engine 
at  the  rate  of  75  feet/sec. /sec.  in  6  seconds,  the  distance  being 
135  feet,  not  41*3  feet  as  stated  by  Mr.  Poole. 

The  ideal  overspeed  and  overwind  preventer  was  one  which 
would  not  permit  the  winder  to  deviate  from  a  predetermined 
speed-distance  curve,  except  to  run  more  slowly.  This  char- 
acteristic was  practically  inherent  in  the  Ward-Leonard  and 
similar  systems  for  the  electric  operation  of  winding-engines,  but 
could  not  be  reproduced  readily  in  any  other  type  of  winder; 
hence  the  reason  for  the  separate  overspeed  and  overwind 
preventer. 

These  devices  brought  the  winder  to  rest  at  any  point  if  the 
predetermined  speed  for  that  point  were  exceeded,  but  did  not 
prevent  it  from  attaining  the  overspeed. 
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In  Fig.  3  the  curve  A-B-C-D  was  the  usual  speed-distance 
curve,  and  the  dotted  curve  represented  the  speed  to  be  attained 
before  an  ideal  overwind  preventer  of  the  separate  type  would 
act.  It  would  be  noted  that  no  speed  at  all  was  permissible 
at  the  very  commencement  and  at  the  very  end  of  the  wind, 
and  during-  the  remainder  of  the  wind  a  certain  margin  was 
allowed,  so  that  the  device  would  not  be  too  sensitive. 


A  D 

Fig.  3. — Speed-distance  Curve,  Illustrating  Mr.  A.  W.  Brown's  Remarks. 

Now  it  was  easy  to  construct  a  device  which  would  conform 
to  the  curve  during  the  full-speed  portion  of  the  wind,  but 
difficulties  arose  in  the  accelerating  and  decelerating  portions, 
especially  at  low  speeds.  At  low  speeds,  the  governor  em- 
ployed in  the  mechanical  devices  was  inoperative  unless  made 
out  of  proportion  to  the  work  to  be  done,  and  the  stepped 
profile  used  in  most  of  the  mechanical  devices  employed  with 
steam  and  many  alternating-current  rheostatically-controlled 
winders  also  introduced  errors,  which  were  reduced  by 
increasing  the  number  of  steps. 

The  margin  of  overspeed  was  as  shown  in  Fig.  4  for  such 
devices,  and  with  them  an  overwinding  trip  must  be  used, 
although  the  speed  at  the  end  of  the  wind  would  be  so  low  that 
the  cages  could  not  be  carried  into  the  headgear.  Electrical 
overspeed  devices  might  be  so  arranged  as  to  give  the  control, 
indicated  in  Fig.  3,  but  would  not  be  of  commercial  value. 
The  usual  control  was  that  shown  in  Fig.  4.  It  was  to  be 
hoped  that  makers  of  overspeed  preventers  would  explain  their 
devices  to  the  members  at  the  meeting. 


D 

Fig.  4.— Curve  Illustrating  Mr.  A.  W.  Brown's  Remarks.     The  Number 
of  Steps  depends  upon  the  Number  of  Steps  in  the  Profile. 
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He  could  heartily  endorse  Mr.  Poole's  desire  for  a  device 
which  would  merely  reduce  the  speed  to  the  normal  value  in 
case  of  an  overspeed,  instead  of  stopping  the  winder,  but  he  was 
not  aware  of  such  a  device.  Perhaps  some  of  the  members  might 
be  able  to  give   some  information  on  the  point. 

Mr.  A.  Dr  Pasqtjier  (Manchester)  wrote  that  he  was  glad  to 
have  an  opportunity  of  contributing  to  the  discussion  on  Mr. 
Poole's  paper,  which,  although  confined  to  the  consideration  of 
steam  winding-engines,  dealt  with  that  most  important  feature 
which  was  common  to  all  methods  of  operation — speed-control  at 
the  end  of  the  wind.  He  had  not  checked  Mr.  Poole's  figures 
very  closely,  as  there  seemed  to  be  a  rather  grave  mistake  in  his 
calculations.  It  really  looked  as  though  Mr.  Poole  was  under 
the  impression  that  the  smaller  the  co-efficient  of  friction  was, 
the  greater  was  the  stopping  power  of  his  brake.  If  he  was  doing 
Mr.  Poole  an  injustice,  he  must  apologize;  but  this  was  the  only 
way  in  which  he  could  reconcile  the  stopping  distance  of  65'5  feet 
given  by  the  author  in  his  first  example. 
20 


I 


DEPTH  OF  SHAFT /,  OOO  FEET 

WEIGHT  OF  CAGES  £  CHAINS  4  TOHS 

COAL  PEP  WIND 2  TONS 

TUBS  PER  CAGE /  TOH 

ROPE  CIRCUMFERENCE— 4?  WHS 

WEIGHT  OF  ROPE  PER  FATHOM '_  _  20  POUHDS 

DIAMETER  OF  DRUM //  FEET 

MAX/MUM  SPEED  OF  DRUM 78  R.P.M. 

TOTAL  "g  D2"  OF  SYSTEM 400.  OOO  Kgm? 


6         a        to        /2       /4        /6        /8       20     22     2\9      26      28 
REVOLUTIONS  OF  DRUM 


Fig.  5. — Diagram  Illustrating  Mr.  A.  du  Pasquiek's  Remarks. 
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In  this  difficulty  he  had  himself  calculated  the  torque-turn 
diagram  shown  in  Fig.  5,  in  which  he  had  utilized  Mr.  Poole's 
data.  From  the  diagram,  and  assuming  the  power  to  be  shut  off 
at  the  point  E,  the  average  negative  torque  to  be  exerted  by  the 
brake-engine  would  be  8  metre-tons,  or  a  pressure  on  the  brake- 
treads  of,  say,  4  75  tons,  which,  with  the  co-efficient  of  friction 
selected  by  Mr.  Poole  (0'3),  and  a  mechanical  advantage  with  the 
brakes  of  approximately  30  to  1,  could  be  obtained  with  an 
applied  weight  of  about  1,100  pounds.  Such  a  brake  would  be 
capable  of  holding  the  maximum  unbalanced  load  of  coal  and 
rope,  and  very  nearly  the  worst  case  of  cage  and  rope  unbalanced, 
for  which  the  brake-weights  would  have  to  be  increased  to  .1,370 
pounds,  say  1,500  pounds. 

On  the  other  hand,  assuming  that  the  speed  of  the  wind  was 
not  reduced  until  the  application  of  the  overwind  trip  of  the 
depth-indicator,  and  allowing  30  feet  of  head-room  between  the 
setting  of  such  trip  and  the  detaching  ring,  this  would  necessitate 
pulling  up  the  cage  in  0'865  of  a  revolution  of  the  drum.  If  such 
an  event  happened  in  normal  coal-winding  service,  neglecting  the 
statical  moment,  which  under  such  conditions  would  be  insignifi- 
cant, the  brakes  would  have  to  be  capable  of  developing  a  nega- 
tive torque  of  62'5  metre-tons,  necessitating  with  the  same  factors 
as  before  an  applied  weight  of  6'25  tons,  which  was,  of  course, 
quite  impracticable. 

In  Mr.  Poole's  paper,  and  in  the  foregoing  observations,  no 
account  was  taken  of  what  was  happening  to  the  descending  cage, 
which  needed  even  closer  protection  than  the  ascending  one,  and, 
in  the  event  of  any  such  happenings  as  were  being  contemplated, 
would  be  inevitably  wrecked.  One  was  driven,  therefore,  to  the 
old  conclusion  that  the  overwind  trip  on  the  depth-indicator  was 
no  real  protection  against  careless  driving  or  untimely  accident 
to  the  control  gear,  and  that  it  was  imperative  to  have  some 
device  whereby  if  the  driver  failed  to  shut  off  steam  at  approxi- 
mately the  right  moment,  this  would  be  automatically  done  for 
him. 

Another  point  that  he  would. like  to  mention  was  that  the  flat- 
lopped  speed-curve  shown  by  Mr.  Poole  was  far  too  favourable  to 
the  steam-winder.  In  practice,  owing  to  a  desire  to  obtain 
reasonable  steam  economy,  the  angular  acceleration  was  not 
completed  in  so  short  a  proportion  of  the  whole  winding  time, 
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and  the  drum -speed  continued  to  increase  until  nearly  the  com- 
mencement of  the  retardation  period,  which  very  materially  in- 
creased the  braking-  effort  required. 

Mr.  Poole  had  dealt  only  with  steam-driven  winding-engines, 
but,  as  the  possibility  of  economically  securing  a  flat-topped 
speed-cycle  such  as  that  shown  by  Mr.  Poole,  with  the  resulting 
lower  maximum  velocity,  was  one  of  the  many  advantages  of  the 
electrical  winding-engine,  it  might  be  in  order  to  discuss  briefly 
the  means  available  for  preventing  the  cage  from  coming  to 
bank  at  excessive  speed  with  electrically-operated  engines. 

Electrical  winding-engines,  broadly  speaking,  were  either 
controlled  on  the  Ward-Leonard  principle,  or  were  of  the  three- 
phase  type.  With  the  Ward-Leonard  control  one  could  say  that 
accidental  overwinding  was  impossible.  So  much  was  this  so 
that  the  Home  Office  did  not  insist  on  any  separate  excess-speed 
device  being  installed  with  winding-engines  of  this  type,  as,  by 
means  of  suitably-shaped  cams,  operated  in  conjunction  with  the 
depth-indicator,  the  power  was  automatically  and  gradually  shut 
off  at  the  correct  point  in  the  shaft,  and  completely  shut  off  when 
bank-level  was  reached.  Owing  to  the  regenerative  properties  of 
this  system,  the  cage  in  many  cases  might  be  brought  to  bank 
automatically  without  any  application  of  the  power-brakes  until 
the  speed  of  the  wind  had  been  reduced  practically  to  zero,  and 
such  control  was  obtained  without  any  appreciable  loss  of 
efficiency. 

On  the  other  hand,  a  Ward-Leonard  winding-engine,  from 
a  power-consumption  point  of  view,  would  very  often  not  bj 
so  efficient  as  a  three-phase  winding-engine,  would  in  every  case 
cost  considerably  more  to  instal,  and  would  have  heavier  operat- 
ing charges. 

It  had  therefore  been  necessary  to  devise  means  whereby  the 
control  of  the  three-phase  winding-engine  might  be  rendered 
equally  safe  in  this  important  detail,  namely,  excess  speed 
when  approaching  bank.  All  such  devices  (most  of  them 
mechanical)  relied  in  principle  on  automatically  shutting  off 
the  power  and  applying  the  brakes  at  the  required  point  in  the 
shaft,  if  the  driver  should  fail  to  do  so.  It  should  be  noted 
that  power  was  not  shut  off  gradually  as  with  the  Ward-Leonard 
system,  the  essential  difference  being  that,  with  the  Ward- 
Leonard  system,   the  gradual  shutting-off  of  the  power  was  a 
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natural  part  of  the  operation  of  each  wind;  whereas,  with  the 
three-phase  engine  or  with  the  steam-winder  it  was  rather  to 
be  regarded  as  an  emergency  application,  and  consequently  there 
were  certain  advantages  in  impressing  this  fact  on  the  driver's 
mind  by  making  him  have  to  reset  the  trips  after  a  miswind  of 
tlii-    nature. 

Such  a  device,  in  order  to  give  adequate  protection,  must 
be  of  the  true  profile  type,  at  all  events  as  regards  the  maximum 
velocity  and  retarding  periods  of  the  wind.  Ordinary  excess- 
speed  devices,  consisting  of  one  centrifugal  trip  which  had  to  be 
set  somewhere  in  excess  of  the  normal  maximum  velocity,  gave 
no  protection  during  the  critical  period,  although  this  was 
apparently  not  generally  appreciated. 

With  a  three-phase  winding-engine,  it  was  not  necessary  to 
control  the  speed  during  the  accelerating  period,  as  the  maxi- 
mum velocity  was  fixed  by  the  frequency  of  the  supply,  and  the 
rate  of  acceleration  was  either  naturally  controlled  automati- 
cally, or,  where  in  smaller  winding-engines  other  types  of  con- 
trollers were  used,  unduly  decreasing  the  starting  time,  would, 
at  the  worst,  only  result  in  tripping  the  circuit-breaker. 

For  the  same  reason — namely,  maximum  velocity  governed 
b\T  the  frequency  of  the  supply- — it  was  not  necessary  to  control 
the  speed  during  the  normal  maximum-velocity  period  of  the 
wind  :  but  this  feature  should  always  be  embodied  so  as  to  ensure 
protection  against  the  possibility  of  excess  speeds  arising  if 
lowering  unbalanced.  As  previously  stated,  the  critical  period 
was  the  retarding  period,  and  here  the  profile  gear  must  follow 
the  prescribed  speed-curve  fairly  closely.  The  greater  the  num- 
ber of  definite  points  of  decreasing  speed  at  which  the  apparatus 
would  act,  the  greater  would  be  the  measure  of  protection. 

The  necessity,  or  at  least  advisability,  of  adopting  a  device 
which  would  be  sensitive  at  the  lower  speeds  was  against 
mechanical  devices  depending  for  their  action  on  the  loaded 
governor  principle,  as  it  was  a  difficult  matter  to  design  any 
centrifugally-operated  device  that  would  be  equally  sensitive 
tlnoughout  the  whole  speed  range.  In  order  to  overcome  this 
difficulty,  the  British  Weetinghouse  Electric  &  Manufacturing 
Company,  Limited,  had  developed  an  electrical  excess-speed 
device  of  a  true  profile  nature,  depending  for  its  operation  on 
the  fact  that  with  a  properly-designed  field  system  the  voltage 
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of  a  small  direct-current  generator  would  vary  directly  with  any 
change  in  speed,  and  also  with  any  variation  in  the  amount  of 
resistance  in  its  circuit.  If,  therefore,  a  method  were  provided 
whereby  the  necessary  amount  of  resistance  was  inserted  or  cut 
out  automatically,  such  that  the  voltage  of  the  generator  re- 
mained sensibly  constant  with  the  varying  speed  cycle  of  the 
winding-engine,  the  voltage  of  such  generator  would  immedi- 
ately increase  with  any  rise  in  speed  over  the  prescribed  speed, 
and  the  excess  voltage  thus  generated  could  be  made  to  operate 
a  relay  cutting  off  power  and  applying  the  brakes  in  the  ordinary 
way. 

Mr.  Or.  W.  Westgarth  (Cardiff)  wrote  that  it  was  unfor- 
tunate that  Mr.  Poole  thought  that  it  would  have  served  no 
useful  purpose  to  have  given  a  full  description  of  the  several 
types  of  overwinding  gear.  In  his  (Mr.  Westgarth's)  opinion 
it  would  have  added  greatly  to  the  value  of  the  paper  if  he  had 
given  the  members  a  description  of  the  several  gears,  with  a 
resume  of  the  advantages  and  disadvantages  of  each  type  in 
action.  That  the  subject  was  not  only  important  but  urgent  was 
established  by  the  number  of  accidents  which  had  occurred 
since  overwinding  gears  were  adopted.  Briefly,  it  might  be 
said  that  ropes  had  been  broken  in  certain  cases,  and  drawn  out 
of  their  sockets  in  others,  by  the  operation  of  the  overwinding 
gear.  Having  regard,  therefore,  to  the  security  provided  by  the 
action  of  the  safety-hook  in  the  event  of  an  overwind,  it  would 
seem  preferable  to  have  an  overwind  rather  than  to  have  the  rope 
broken  by  the  operation  of  the  overwinding  gear,  as  in  the 
former  event  the  ascending  cage  would  be  suspended  in  the 
headgear,  whereas  in  the  latter  it  would  drop  to  the  pit-bottom. 

The  figures  given  by  Mr.  Poole  conveyed  some  idea  of  the 
enormous  strains  developed  under  certain  conditions,  and  as 
overspeeding  was  the  primary  cause  of  most  of  the  accidents 
which  occurred,  the  paper  should  serve  a  most  useful  purpose  in 
pointing  out  the  remedy. 

Mr.  George  B.  Harrison  (H.M.  Inspector  of  Mines,  S win- 
ton)  wrote  that  he  had  been  very  much  interested  in  Mr.  Poole's 
paper,  and  fully  agreed  with  him  as  to  the  various  conditions  with 
which  any  automatic  contrivance  to  prevent  overwinding  must 
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comply  if  it  was  to  be  effective  in  such  circumstances  as  he  had 
graphically  illustrated  might  arise.  If  the  contrivance  had  no 
action  whatever  unless  the  full  length  of  the  wind  was  actually 
exceeded,  namely,  going  beyond  B  (Fig.  1),  then  it  did  not 
prevent  the  overwind  from  taking  place,  although  if  retarda- 
tion was  almost  accomplished  it  would  stop  the  engine  easily, 
and  there  would  be  less  trouble  in  resuming  than  in  a  case  of 
detachment  by  a  detaching-hook.  Unless  the  speed  was  suffi- 
ciently diminished,  a  contrivance  having  no  control  until  the 
wind  extended  beyond  B  would  allow  the  descending  cage  to 
bump  the  bottom  more  or  less  violently,  although  for  certain 
speeds  it  might  arrest  the  ascending  cage.  Such  arresters  had 
done  good  work,  but  required  the  overspeeding  device  to  enable 
the  gear  to  prevent  overwinding. 

He  remembered  one  case  of  overwinding  with  a  four-decked 
cage  with  men  descending  against  an  empty  cage  ascending. 
The  winding-engineman  was  retarding  the  speed  to  some  extent, 
but  admitted  that  he  somehow  had  miscalculated  a  full  revolu- 
tion. An  arrester  was  fitted  to  act  if  the  wind  exceeded  B 
(Fig.  1),  and  this  device  stopped  the  ascending  cage  within  7 
feet  from  the  point  where  it  was  set  to  allow  of  the  wind.  It 
was  thought,  however,  by  all  on  the  surface  that  the  men 
descending  would  be  injured.  There  was  a  balance-table  at  the 
bottom  controlled  by  a  powerful  brake,  enabling  the  onsetter 
to  lower  the  cage  as  desired,  if  the  rope  was  slack.  The  on- 
setter, on  hearing  the  cage  approaching  the  bottom  at  much  too 
great  a  speed,  had  the  presence  of  mind  to  release  his  brake  and 
allow  the  cage  to  depress  the  balance-table,  and  then  immedi- 
ately applied  his  brake,  with  such  effect  that  in  the  12  feet  of 
travel  that  the  four-decked  cage  required  he  gradually 
diminished  the  speed  so  much  so  that  the  men,  although  some- 
whatt  shaken,  were  uninjured. 

The  device  should  be  seit  to  come  into  action  in  sufficient 
time  to  ensure  the  ascending  cage  stopping  just  short  of  B,  if 
the  winding-engineman  failed  to  reduce  the  speed  sufficiently 
to  prevent  the  descending  cage  from  bumping. 

It  was  essential  that  the  full  braking  effect  should  not  be 
applied  at  once,  and  in  the  case  of  weighted  levers  he  had  seen 
it  applied  successfully  by  a  long  lever  with  the  weight  hung 
short  on  a  roller  (similar  to  the  weight  on  the  beam  of  a  weigh- 
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ing-machine).  When  the  lever  was  tripped,  it  dropped,  applying 
the  brake  gently,  and  as  the  weight  ran  down  the  incline  it 
rapidly  increased  its  force. 

As  Mr.  Poole  had  started,  the  gear  should  be  frequently 
tested,  or  it  might  fail  when  required. 

Mr.  John  Stoney  (Tyldesley)  wrote  that  Mr.  Poole  had 
submitted  some  very  neat  calculations  expressing  the  braking 
force  necessary  to  stop  the  engines  when  going  at  certain 
velocities,  but  had  omitted  to  mention  a  very  important  factor, 
namely,  the  mechanical  stress  that  would  come  on  the  rope.  In 
one  case  the  force  applied  at  the  brake  was  41,423  pounds,  of 
which  half  would  come  as  stress  on  the  descending  rope;  and 
coupled  with  this  were  the  dead  load  and  contents  of  the  cage,  the 
chains,  and  the  length  of  rope  on  the  descending  side.  Conse- 
quently, there  must  be  a  limit  to  the  distance  in  which  the  plant 
must  be  brought  to  rest,  for  if  the  distance  were  too  small,  the 
braking  power,  being  too  great,  would  snap  the  rope. 

In  order  to  demonstrate  the  action  of  an  overwinding  appar- 
atus, the  following  experiments  were  made  on  a  shaft  from 
which  3,000  tubs  had  been  wound  in  one  day  (six  tubs  at  one 
time)  from  a  depth  of  500  yards.  The  engines  were  fitted  with 
a  well-known  and  much-used  apparatus.  A  pin  lifted  from 
a  sliding  bar  operated  the  steam-brake  and  put  it  on. 

(1)  The  engines  were  started  in  the  wrong  direction  with 
full  steam  on,  and  the  distance  travelled  before  the  engines  came 
to  rest  was  8  feet. 

(2)  The  engines  w7ere  going  at  full  winding  speed  when  the 
gear  was  put  against  the  engines.  The  distance  travelled 
before  coming  to  rest  was  90  feet. 

He  (Mr.  Stoney)  had  carried  out  No.  2  experiment  several 
times  in  the  endeavour  to  obtain  a  smaller  distance  in  stopping, 
but  90  feet  was  the  smallest. 

The  above  results  demonstrated  the  fact  that  the  cages  must 
not  be  allowed  to  get  very  near  the  end  of  the  wind  before  the 
overwinding  gear  was  put  into  operation. 

Mr.  A.  Hanley  (Bristol)  wrote  that  whilst  Mr.  Poole  had 
raised  many  interesting  points,  he  seemed  to  have  underestimated 
certain  practical  features  and  overestimated  the  theoretical  cal- 
culations. 
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The  paper  dealt  with  the  supposed  inefficiency  and  insuffi- 
ciency of  winding  controllers  (or  valve  and  brake  operators) .  This 
assumption  could  not  be  granted,  but,  if  it  were  true,  the  same 
would  apply  with  more  force  to  any  controller  of  winding  con- 
trollers. 

The  author  spoke  of  "  absolute  safety  "  and  "  absolute  reli- 
ability of  the  gear."  It  seemed  time,  however,  that  the  use  of 
the  word  "  absolute,"  as  applied  to  mechanisms  with  many 
separately  acting  parts  (each  of  which  was  subject  to  wear  and 
tear),  should  be  discontinued. 

Mr.  Poole  had  asserted  that  an  overwinder  should  be  set  to 
work  at  two  fixed  points,  although,  as  a  matter  of  fact,  the  over- 
winder  was  always  at  work.  Xo  doubt  the  control  or  action 
points  were  what  he  evidently  meant.  One  difficulty  in  fixing 
these  points  properly  depended  on  the  variation  of  velocity  due 
to  variation  of  the  steam-pressures.  The  velocity  could  not  be 
represented  by  a  straight  line,  but  varied  with  the  steam-pressure, 
the  diameter  of  the  rope-coils  (on  cone-drums),  etc. 

The  phrase  "the  winding  enginenian  loses  control  of  the 
engine  "  might  usefully  be  dropped  out  of  mining  phraseology, 
as  in  probably  95  per  cent,  of  cases  the  enginenian  had  no 
reasonable  chance  of  getting  control  of  the  engine.  The  dia- 
gram of  wind,  depth,  and  velocity  line  A-D-E-(T)-B  or  C 
would  be  better  placed  vertically.  A-D  was  concave,  and  re- 
tardation curve  E-B  was  convex. 

In  the  instance  of  overwind  mentioned  the  author  had  postu- 
lated that  the  brakes  must  (1)  hold  an  unbalanced  load,  (2)  over- 
come the  energy  of  the  moving  parts,  and  (3)  be  strong  enough 
to  resist  the  extra  strain  caused  by  the  sudden  application  of  the 
brakes  at  full  speed.  In  practice,  steam  being  shut  off  from  the 
engine-piston,  the  brake  effort  of  retardation  (B-E)  was  helped 
by  the  retarding  influence  of  the  ascending  cage  (say,  C-W, 
which  were  acting  contrary  to  the  drum  effort  D-E).  C-W  and 
B-E  brought  the  parts  to  rest.  The  holding  effort  (to  keep  the 
drum  at  rest)  was  very  slight.  Although  Avriters  liked  to 
imagine  that  full  brake-effort  was  exerted  at  full  speed,  this 
was  not  so  in  practice.  Brake-effort  would  vary  with  the 
force  applied  to  the  outer  end  of  the  brake-lever,  which  in  turn 
would  vary  with  the  ratio  of  the  brake-friction.  This  ratio 
varied  inversely  as  the  velocity,  method  of  contact,  and  position 
of     the     brake     contact-area     pressing     against     the     drum, 
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No  drum-strain  should  occur  if  the  braking  distance  was  reason- 
able for  the  conditions.  If  the  conditions  were  not  reasonable, 
they  would  vitiate  any  arguments  for  a  sub-controller  of  con- 
trollers:   for,   if  a   controller  failed  to  act  properly,   there  was 

little  scope  for  the  matter  to  be  remedied.  The  time-margin  was 
too  small. 

As  to  "the  case  in  which  the  device  is  in  use,"  instead  of 
having  the  practical  conditions  of  the  case  given,  one  was  asked 
to  assume  a  set  of  conditions  and  also  to  assume  all  other  parts 
of  the  paper.  The  existence  of  practical  cases  ruled  out  the 
necessity  of  assuming  imaginary  ones. 

In  the  particulars  given,  no  mention  was  made  of  the  bottom 
clearance  in  the  sump  for  safety  of  the  bottom  cage.  In  view  of 
the  fact  that  controllers  were  used  principally  for  the  safety  of 
men  in  the  descending  cage,  it  would  be  well  if  this  omission 
were  rectified.  The  clearance  in  the  sump  should  be  the  same 
as  in  the  heapstead,  from  a  safety  point  of  view — the  practical 
view. 

The  overwind  commenced,  and  there  was  a  system  of  forces 
operating.  All  forces  were  balanced,  except  the  working  un- 
balanced load  (=  7,813  pounds).  This  unbalanced  load  was 
moving  at  the  velocity  of  45  feet  per  second  (which  again  was 
quite  an  abnormal  assumption).  How  to  deal  with  7,813  pounds 
x  45  velocity  was  the  practical  question  to  be  settled  by  brake- 
effort  which  operated  at  the  same  velocity  as  the  drum  velocity 
(D-V).  This  in  turn  was  a  question  of  brake-effort,  brake- 
velocity,  and  brake-and-drum  power-absorption  or  dissipation. 
Instead  of  dealing  with  this  practical  question,  the  author  had 
reverted  to  the  old-time  bogey — kinetic-energy  formulae — to 
satisfy  which  millions  of  foot-pounds  were  obtained.  All  of 
these  forces  were  balanced  (as  the  members  were  previously 
told)  except  7,813  pounds,  and  the  ascending  cage  was  made  to 
act  with  the  downward  cage  in  order  to  obtain  the  proper  quan- 
tity of  "  kinetic  energy." 

The  result  of  these  calculations  was  that  the  cage  would  not  be 
arrested  "  without  travelling  65  feet."  It  was  also  assumed  that 
the  brakes  would  not  arrest  the  cage,  and  the  result  of  these 
assumptions  and  errors  was  that  a  sub-controller  must  be  pro- 
vided. Whilst  it  was  assumed  that  if  the  controller  first  properly 
operated  such  operation  wTould  cripple  the  brake  and  drum, 
it  was  also  assumed  that  if  the  sub-controller  operated  the  eon- 
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troller  such  injury  would  not  take  place,  although  the  brake 
distance  was  shorter.  A  sump-table  aud  drop-clamp  could  be 
u-c(l  to  rewind  the  cage  upward  where  so  desired. 

Winding  operations  were  too  serious  for  tricky  little  toys  and 
formulae.  A  winding-drum  or  cage  travelling  at  45  feet  per 
second  was  a  very  serious  fact  not  to  be  dealt  with  by  assump- 
tions and  logical  deductions.  A  winding  controller  was  an 
appliance  built  to  suit  particular  conditions,  and  had  small 
limits  of  variation,  and  by  its  nature  and  duty  would  probably 
always  remain  the  most  "  touchy "  machine  at  a  pit.  Their 
faults  or  deficiencies  should  be  cured  (and  this  might  not  be  a 
difficult  matter  for  makers  if  they  were  fully  informed  as  to  the 
facts),  and  their  limits  of  service  should  be  remembered. 

It  should  also  be  remembered  that  a  winding-brake,  as  part 

of  the    "proper  appliances for  ensuring   safety,"    had   to 

possess  a  reasonable  margin  of  safety  of  strength  over  its  normal 
task  of  holding  the  unbalanced  loaded  cage,  and  it  must  be 
assumed  to  be  reasonably  safe.  The  formula  for  drum  energy 
was  also  borrowed  from  the  fly-wheel  formulae  for  tensile  stress 
in  wheel  rims.  The  two  cases  were  not  analogous.  The  drum 
had  a  cage,  rope,  load,  and  coil-effort  as  compressive  forces, 
which  tended  to  shift  the  point  of  radius  of  gyration. 

Although  Mr.  Poole  made  out  no  case  for  the  necessity  of  a 
sub-controller,  no  case  would  be  necessary  if  he  knew  of  or  had 
an  appliance  that  cut  out  a  risk  which  controllers  neglected  or 
failed  to  deal  with.  So  long  as  an  appliance  could  reduce  risks, 
that  should  be  sufficient  reason  for  its  sympathetic  consideration. 

The  President  (Mr.  T.  Y.  Greener)  said  that  the  subject 
brought  before  them  was  undoubtedly  very  important,  and  one 
which  had  been  forced  upon  them  by  the  Government,  as  mine- 
owners  were  required  to  instal  at  all  winding-engines  at  pits 
over  a  given  depth  appliances  for  the  prevention  of  overwinding. 
It  seemed  to  him,  on  reading  Mr.  Poole's  paper,  that  the  idea 
that  the  writer  had  in  his  mind  was  to  distinguish  between  over- 
winding and  overspeeding  gear,  and  that  he  had  endeavoured 
to  emphasize  the  fact  that  any  appliance  for  the  prevention  of 
overwinding  should  also  be  capable  of  preventing  overspeeding. 
Such  provision  was  obviously  necessary,  because  if  a  cage  were 
brought  to  bank  at  a  very  high  velocity  the  effect  of  a  stoppage 
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by  the  sudden  application  of  the  brakes  would  probably  be  that 
the  ascending  cage  would  be  brought  violently  into  the  cylinder 
of  the  detaching-apparatus,  the  rope  of  the  descending  cage  would 
be  broken,  and  the  cage  itself  smashed  on  the  bottom.  Over- 
speeding  ought,  therefore,  to  be  prevented  in  order  to  ensure 
that  the  cages  in  the  shaft  should  be  brought  to  rest  at  a  com- 
paratively low  speed.  Appliances  for  that  purpose  were  in  use, 
some  of  them  very  excellent,  whether  attached  to  electric  or  to 
steam-winders.  In  the  case  of  the  former  the  Ward-Leonard 
wis  a  very  effective  appliance.  He  had  frequently  seen  winding- 
engines  started  and  cages  automatically  brought  to  rest  at  the 
proper  places  without  the  winding-engineman  touching  the 
handles  at  all.  The  matter  was  one  which  was  of  very  great 
interest  to  colliery-owners  generally,  and  he  was  quite  sure  that 
it  deserved  any  attention  that  they  might  give  to  it. 

He  had  pleasure  in  proposing  that  the  best  thanks  of  the 
Institute  be  given  to  Mr.  Poole  for  his  paper. 

Mr.  J.  K.  Guthrie  (Darlington)  seconded  the  vote  of  thanks, 
which  was  heartily  accorded. 

Mr.  G.  G.  T.  Poole  (Blackhill)  wrote  that  he  must  first  of 
all  express  his  deep  sense  of  appreciation  for  the  manner  in 
which  his  paper  had  been  received  and  criticized.  Before  reply- 
ing individually,  he  would  first  correct  one  point  which  several 
members  had  mentioned  with  regard  to  the  "  frictional  force 
exerted  by  the  brakes." 

It  was  quite  obvious  that  the  divisors  in  the  fractions  for 
obtaining  the  stopping  distances  should  be  7,813  and  12,427, 
instead  of  2G,043  and  41,423  as  stated  in  the  paper.  The  figures 
26,043  and  41,423  pounds  were  given  for  the  express  purpose  of 
illustrating  the  intensity  of  pressure  that  would  have  to  be 
exerted  on  the  brake-blocks,  in  order  to  hold  the  unbalanced 
loads  of  7,813  and  12,427  pounds  respectively;  and  the  writer 
regretted  that  they  were  used  inadvertently  in  the  fractions  for 
obtaining  the  stopping  distances.  These  distances  would  thus 
be  218  and  137  feet  approximately. 

Referring  to  the  brake-force,  Mr.  H.  W.  G.  Halbaum  had 
stated  that  "  Mr.  Poole  proposed  to  provide  brake-force  sufficient 
to  wipe  out  the  whole  of  that  [kinetic  energy]  in  a  distance  of 
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40  feet."  This  was  not  correct.  What  the  writer  did  say  was 
that  if  no  device  were  used  for  controlling-  the  speed  of  winding1 
when  coming*  to  bank,  and  the  cage  were  to  come  to  bank  at  full 
speed,  then,  and  only  then,  would  the  kinetic  energy  have  to 
be  overcome  within  the  40  feet  (probably  with  disastrous  results). 
Mr.  Halbaum  would  see,  however,  by  referring  to  the  paper, 
that  the  writer  considered  this  device  a  necessity,  and,  taking 
the  example  in  the  paper,  the  space  traversed  during  retardation 
was  180  feet,  represented  by  G-B  in  Fig.  2.  Now,  if  the  over- 
speed  device  were  set  to  act  at  the  point  -/,  a  distance  of,  say, 
10  feet  from  E,  then  the  distance  over  which  the  brakes  might 
act  to  bring  the  cage  to  rest  at  B  would  be  170  feet.  The 
writer  agreed  with  Mr.  Halbaum  in  stating  "  that  the  provision 
of  too  much  brake-force  of  the  automatic  order  was  just  as  great 
an  evil  as  the  provision  of  too  little,"  provided,  however,  that 
the  brake-force  was  sufficient  to  hold  the  unbalanced  load  with- 
out slipping. 

Mr.    A.    W.    Brown    was    quite    correct    in    stating  that  the 
"  frictional  force  "  given  in  the  paper  "  was  the  pressure  required 

on  the  brake-blocks ,  and  concerned  only  the  design  of  the 

brake-gear,"  and  he  would  see  that  his  calculations  regarding 
the  stopping  distances  practically  agreed  with  those  of  the 
author.  Mr.  Brown  had  also  stated  that  he  was  not  aware  of 
any  device  which  would  merely  reduce  the  speed  to  the  normal 
value  in  case  of  an  overspeed,  instead  of  stopping  the  winder. 
The  writer  was  able,  however,  to  give  him  a  description  of  a 
gear  which  he  had  designed  and  used  with  an  overwinding  gear: 
this,  although  not  doing  exactly  what  was  mentioned  in  the 
paper,  yet  approached  very  nearly  to  it.  The  overwinding  gear 
when  first  delivered  (1)  prevented  overwinding,  (2)  prevented 
starting  in  the  wrong  direction,  (3)  controlled  the  speed  when 
coming  to  bank,  and  (4)  controlled  the  maximum  speed  of 
winding.  In  each  of  these  four  cases  the  steam  was  shut  off 
and  the  brakes  applied  at  the  same  time.  It  was  afterwards 
desired  that,  in  the  fourth  case,  only  the  steam  should  be  shut 
off,  leaving  the  brakes  intact.  An  additional  device  was  de- 
signed and  fixed  to  the  overwinder,  and  the  overwinding  gear 
then  (1)  prevented  overwinding,  (2)  prevented  starting  in  the 
wrong  direction,  (3)  controlled  the  speed  when  coming  to  bank, 
and  (4)  controlled  the  maximum  speed  of  winding  by  shutting 
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off  the  steam  only,  and,  if  this  failed  to  reduce  the  speed  within 
a  predetermined  limit,  caused  the  brakes  to  be  automatically 
applied. 

The  writer  thanked  Mr.  A.  du  Pasquier  for  his  remarks,  and 
in  reply  would  explain  that  he  had  avoided  reference  to  "elec- 
trical appliances,"  because  he  considered  that,  although  the  final 
aims  of  the  gears  both  for  steam  and  for  electric  winders  might  be 
the  same,  yet,  the  methods  of  obtaining  those  conditions  varied, 
and  required  separate  treatment.  He  also  thought  that  Mr. 
du  Pasquier  was  under  a  misapprehension  in  regard  to  his  ideas 
upon  the  necessity  of  using  a  speed-control  at  the  end  of  the 
wind.  The  writer  clearly  showed  that  in  order  that  an  over- 
winding gear  might  be  a  "  safety-gear,"  the  use  of  a  device  for 
controlling  the  speed  when  coming  to  bank  was  necessary,  the 
point  at  which  this  device  should  act  being  just  beyond  E  (Fig. 
2),  where  retardation  commenced. 

Mr.  Stoney  had  also  reiterated  the  writer's  opinion  in  regard 
to  the  use  of  a  speed-control  when  coming  to  bank,  and  he  had 
also  illustrated  this  point  in  the  experiment  that  he  had  recorded. 
AYith  reference  to  Mr.  G.  W.  AYestgarth's  remarks,  the 
writer  would  point  out  that  the  descriptions  of  the  various 
overwinding  gears  could  always  be  obtained  from  the  makers; 
but  he  would  suggest  that  a  paper  giving  both  the  descriptions 
and  the  results  of  tests  of  various  overwinding  gears  should  hs 
prepared  and  communicated  to  the  Institute.  This  would  afford 
some  very  useful  information  and  data,  and  the  writer  would 
be  pleased,  with  the  permission  of  the  Council,  to  prepare  such 
a  paper  in  connexion  with  steam-winders,  provided  that  reason- 
able facilities  were  afforded  by  the  makers  of  the  various  gears. 
Mr.  Gf.  B.  Harrison's  remarks  were  very  interesting,  especi- 
ally the  instance  of  overwinding  that  he  had  mentioned.  The 
effect  of  using  a  long  lever,  with  the  weight  hung  short  on  a 
roller,  would  be  similar  to  that  when  an  oil  dash-pot  was  used, 
as  mentioned  by  the  writer. 

Mr.  Hanley  had  stated  that  "  the  paper  dealt  with  the  sup- 
posed inefficiency  and  insufficiency  of  winding  controllers." 
This  was  incorrect,  for  the  paper  simply  gave  a  description  of 
the  "  necessary  points  to  observe,"  but  there  was  no  sug- 
gestion or  inference  that  they  were  no>t  observed.  Neglect- 
ing,   however,    the    writer    altogether,    did    Mr.    Hanley    mean 
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to    state    that    the    inefficiencies    which    did    occur    were    only 
"  suppositious  ? "      If    so,    let  him    refer   to    Mr.    Westgarth's 
remarks,     and     he     would     see     that     the     inefficiencies     were 
''actual"  and  not  "supposed."       Mr.  Hanley  had  also  stated 
that    "  Mr.     Poole    had    asserted    that    an    overwinder    should 
be  set  to   work  at   two  fixed   points,   although,    as  a  matter   of 
fact,  the  overwinder  was  always  at  work.''     Surely  he  did  not 
expect  an  overwinding  gear  to   be  fixed   to   an   engine,    set   to 
work,   and  give  satisfactory  results,  without  first  of  all  testing 
the  gear,  and  setting  it  to  work  efficiently  between  the  essential 
fixed  points  ?    By  referring  to  the  paper  Mr.  Hanley  would  also 
see  that  the  word  "at"  in  his  quotation  should  be  "between." 
Again.  Mr.  Hanley  stated  that  "  one  was  asked  to  assume  a  set 
of  conditions  and  also  to  assume  all  other  parts  of  the  paper." 
The  writer  could  not  agree  that  this  was  a  correct  interpretation 
of  his  paper.   Exception  was  also  taken  to  the  maximum  velocity 
of  45  feet  per  second  in  the  phrase  (which  again  was  quite  an 
abnormal    assumption).     Was    it    abnormal?     It    was    certainly 
a  high  velocity,   but  the  writer  had  known  of  cases  where  the 
winding-engine  had  been  designed  for  winding  coal  at  a  velocity 
of    50    feet    per    second.      Another    point    raised    was    that    "  in 
practice,  steam  being  shut  off  from  the  engine-piston,  the  brake 
effort  of  retardation  (B-E)  was  helped  by  the  retarding  influence 
of  the  ascending1  cage."     Quite  so,  but  the  point  at  which  this 
might  be  taken  into  account  would  vary  according  to  the  dis- 
tance of  the  throttle-valve  from  the  engine-cylinder.     If,  as  was 
often  the  case,  the  throttle-valve  was  at  some  distance  from  the 
engine-cylinder,   then  when  the  valve  was  tripped  there  would 
still  be  a  certain  amount  of  steam  between  the  valve  and  the 
cylinder  to  be  used  up,  and  this  would  cause  the  brakes  to  be 
applied  against  the  full  power  of  the  engine  for  a  short  period, 
before  this  retardation  effect  of  the  cages  was  felt. 

In  conclusion,  the  writer  would  point  out  that  his  contention 
fni  a  speed-control  device  when  coming  to  bank  had  been  upheld 
by  the  majority  of  the  members  who  had  taken  part  in  the 
discussion. 


Mi.    E.    0.    Forster    Brown's    paper   on    "Coal-mining    in 
Mexico"  was  taken  as  read,  as  follows:  — 
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COAL-MIXING  IN  MEXICO. 


By  E.  0.   FORSTER  BROWN. 


Introduction. — The  information  on  which  this  paper  is  based 
was  obtained  during  the  years  1908  to  1912.  The  coal-mining 
area  was  not  seriously  affected  by  the  revolutions  (which  com- 
menced in  the  winter  of  1910-1911,  and  have  continued  since 
without  break)  until  1913,  when  the  position  locally  became 
acute.  In  that  year  an  enormous  amount  of  damage  was  done  to 
the  surface-plant  at  a  number  of  the  collieries,  the  majority  of 
which  closed  down,  and  it  should  be  made  clear  that  in  the 
following  description  only  normal  conditions  and  operations  prior 
to  1913  are  dealt  with. 

The  coal-production  of  .Mexico  is  practically  all  obtained 
from  collieries  in  the  State  of  Coahuila,  within  100  miles  of 
the  border  of  the  United  States  of  America.  In  1912  there 
were  altogether  nine  colliery  companies,  namely,  three  Ameri- 
can, five  Mexican,  and  one  British.  The  geographical  position 
of  the  coalfield  is  shown  in  Fig.l  (Plate  IV.). 

There  are  no  authoritative  statistics  of  the  native  production, 
or  of  the  total  coal-  and  coke-consumption  in  the  Republic. 
Figures  have  been  occasionally  published  in  books  of  reference, 
but  as  a  rule  they  will  not  stand  analysis,  and  appear  to  be 
based  on  very  limited  data. 

In  Table  I.  the  writer  has  endeavoured  to  arrive  at  as  ap- 
proximate figures  as  possible.  The  native  gross  mine  production 
and  the  coal  and  coke-sales  are  arrived  at  from  two  sets  of 
figures,  namely,  A  and  B.  The  figures  under  A,  which  are  in 
excess,  may  be  taken  as  absolutely  correct,  as  they  are  compiled 
from  actual  monthly  colliery  returns;  the  figures  under  B  repre- 
sent the  totals  of  neighbouring  collieries  from  which  official 
statistics  were  not  forthcoming,  and  are  only  an  estimate.  The 
writer  has   reasons   for   believing,    however,    that   these   figures 
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and  the  corresponding  totals   approximate   very   closely  to  the 
facts. 

Table  I. —Total  Coal-  and  Coke-consumption. 


1909. 

1910. 

1911. 

1912  (6  months). 

Gross  native  coal  produc- 

Metric  tons. 

Metric  tons. 

Metric  tons. 

Metric  tons. 

(A)  Compiled  from  month- 

ly mine  returns     ... 

(B)  Balance  estimated  ... 

Totals 

Total  native  coal-sales  : 

(A)  Compiled  from 

monthly  mine 
returns              ...        1 

(B)  Balance  estimated 

ID- 
Totals        ...       v 

Total  native  coke-sales  : 

(A)  Compiled    from 

monthly  mine 
returns             ...        1 

(B)  Balance  estimated 

(3)1 

Totals         ...      \ 

Total    foreign    coal 
imported    ...         •••  (2) 

646,085-56 
660,000  00 

1,113,098-30 
756,000-00 

1,238,996-39 
620,000-00 

543,573-94 
250,000-00 

1,306,035-56 

1,869,098-30'  1,858,996-39 

793,573-94 

315,195-87 
373,000-00 

631,330-25 
476,000-00 

658,147-30 
450,000-00 

273,962-96 
165,00000 

688,195-87 

1,107,330-25   1,108,147-30 

438,962-96 

110,249-18 
90,000-00 

134,001-93 
73,029-00 

200,136-29 
50,000-00 

97,275-32 
25,000-00 

200,249-18 

207,030-93 

250,136-29 

122,275-32 

766,824-00 

731,089-00 

846,981-00 

Full  year. 
390,15S-00 

Total    foreign    coke 
imported    ...         ...  (4) 

343,779-00 

274,465-00      287,623-00 

284,965-00 

Approximate    total    coal 
consumed  in  Mexico  (1) 
and  (2)* 

1,455,019-87 

1,838,419-25   1,955,128-30 

_ 

Approximate   total    coke 
consumed  in  Mexico  (3) 
and  (4)* 

544,028-18 

481,495-93       537,759-29 

_ 

Mexican   petroleum   out- 
output  barrels 

2,488,742 

4,531,826 

12,629,319 

15,689,268 

*  Exclusive  of  coal  and  coke  consumed  at  collieries. 


The  figures  as  to  imports  of  coal  and  coke  are  taken  from 
the  official  yearly  Customs  reports,  and  may  be  taken  as  accu- 
rate. The  output  of  petroleum  in  barrels  is  also  given  for  the 
years  dealt  with. 

Table  II.  shows  the  proportion  of  coal  and  coke  imported 
from  various  countries. 
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Table  II. — Proportions  of  Coal  and  Coke  Imported. 

(1)  Proportions  of  Coal  Imports. 


1909 
Per  cent. 

1910. 
Per  cent. 

1911. 
Per  cent. 

1912. 
Per  cent. 

United  States  of  America 

..       74 -OS 

71-57 

68  67 

74-40 

Great  Britain    ... 

16-66 

21*32 

24-49 

9-83 

Canada   ... 

419 

5-33 

3-43 

12-09 

Australia 

3-13 

0-92 

1-97 

— 

Germany 

1-90 

0-86 

1-19 

1-17 

Miscellaneous    ... 

0-04 

— 

0-25 

2-51 

Totals 


10000 


100  00 


100-00 


100-00 


(2)  Proportions  of  Coke  Imports, 


1909. 
Per  cent. 

1910. 
Per  cent. 

1911. 
Percent. 

1912. 
Per  cent. 

United  States  of  America 

..       69-94 

73-56 

72  30 

76-41 

Great  Britain    ... 

9-50 

0-81 

2-00 

0-30 

Canada   ... 

— 

— 

— 

— 

Australia 

1-63 

— 

— 

0-11 

Germany 

..       18-S6 

25-63 

24-05 

23-18 

Miscellaneous    ... 

0-07 

— 

1-65 

— 

Totals 


100-00 


100-00 


10U-00 


100  00 


Topography. — The  district  in  which  the  coal-basins  occur 
consists  of  fairly  level  country,  broken  by  local  undulations 
of  low  altitude;  to  the  south-west,  however,  a  range  of  limestone 
mountains  of  considerable  altitude  occurs,  commencing  near 
Lampacitos  and  continuing  in  an  almost  unbroken  chain  past 
Las  Esperanzas  and  Musquiz  far  to  the  north  of  the  coal-district 
(Fig.  G,  Plate  V.).  Indications  of  volcanic  agencies  exist  in  these 
mountains  in  the  form  of  lava-flows,  and  low  foothills  of  lava 
in  places  unconformably  overlie  the  coal-measures.  The  char- 
acter of  the  country  round  Lampacitos  is  shown  in  Fig.  7. 

The  general  altitude  of  the  district  is  from  1,000  to  1,200 
feet  above  sea-level,  and  the  climate  an  exceedingly  dry  one. 
Four  rivers  in  normal  years  contain  running  water  all  the  year 
round,  namely,  the  Escondido,  Alamos,  Sabinas,  and  Salado  and 
cultivation  by  means  of  irrigation-ditches  is  carried  on  very 
extensively,  particularly  in  the  neighbourhood  of  the  first  three 
mentioned. 

Climate. — Rain,  when  it  occurs,  falls  mainlj-  in  the  late 
summer,  and,  while  of  comparatively  short  duration,  is  very 
abundant  while  it  lasts.  The  climate  in  the  winter,  except  for 
the  periodical  "northers,"  is  excellent,  with  a  clear  atmosphere. 
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bright  sun.  and  moderate  temperatures.  The  "  northers," 
which  occur  at  about  fortnightly  intervals  from  October  to  April, 
are  strong  winds  from  the  north,  which  arise  at  almost  a 
moment's  notice,  reducing  the  temperature  20°  to  40°  Fahr., 
and  lasting  from  2  to  3  days.  In  the  summer  the  temperature 
becomes  too  hot  to  be  comfortable,  and  ranges  from  90°  to  100° 
Fahr.  in  the  shade  from  May  to  October.  Except  during 
"  northers,"  the  prevailing  breezes  are  easterly. 

The  vegetation,  except  in  the  neighbourhood  of  water,  con- 
forms with  the  aridity  of  the  district,  the  cactus  and  mesquite 
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Fig.  7. — Lampacitos  Mining  Camp. 

bush  being  two  of  the  most  characteristic  forms.  Cattle  do  well 
on  ranches  with  good  watering  facilities,  and  goats  are  reared 
very  extensively. 

Geology. — The  coal-measures  are  met  with  in  the  Upper 
Cretaceous  Series.  They  are  found  to  occur  in  a  number  of 
basins,  or  partly  proved  basins,  the  outcrops  of  which  are  often 
covered  by  shallow  alluvial  deposits  of  calcareous  nature.  Shales 
and  sandstones  are  the  predominating  beds  in  the  coal-measures, 
which  are  poor  in  coal-seams.     While  four  distinct  more  or  less 
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defined  basins  have  been  worked  on  an  extensive  scale,  only  one 
seam  has  proved  of  sufficient  thickness  and  consistency  to  justify 
development.  This  seam,  where  worked,  varies  from  3  to  8  feet  in 
thickness.  The  other  seams  met  with  vary  from  a  few  inches 
to  2  feet  in  thickness,  and  occasionally  thicken  locally,  but  not 
sufficiently  so  to  justify  expenditure  on  their  development.  At 
Agujita  there  are  four  well-defined  seams,  according  to  the  bore- 
holes, each  of  which  in  places  is  of  workable  thickness,  but  the 
bottom  and  most  regular  seam  is  the  only  one  worked. 

True  fault-throws  are  not  common,  and  in  this  respect  the 
field  is  remarkably  regular.  There  is  a  marked  tendency,  how- 
ever, for  the  seam  to  thicken  and  thin  alternately  and  to  become 
excessively  split  by  dirt-partings  in  certain  general  directions. 

The  various  coal-basins  and  outcrops  worked  are  shown  as 
far  as  they  are  proved  by  outcrops  and  boring  explorations 
(Fig.  6,  Plate  V.).  A  number  of  other  basins  wholly  or  partly 
proved,  but  not  up  to  the  present  worked,  are  also  shown. 

TThile  the  main  seam  worked  or  proved  in  the  various  basins 
is  probably  the  same  one,  there  is  no  direct  evidence  to  prove 
this ;  while  its  main  characteristics  and  especially  its  quality 
vary  greatly. 

Sabinas  Basin. — The  major  portion  of  the  output  is  ohtained 
from  the  Sabinas  Basin  (Fig.  6,  Plate  Y.),  which  has  a  maximum 
length  of  about  29f  miles  (48  kilometres)  and  a  maximum  width 
of  about  12^  miles  (20  kilometres).  Eastward  of  the  International 
Railway,  this  basin  has  been  worked  extensively  from  the  north- 
eastern outcrop  by  collieries  now  abandoned ;  to  the  south,  where 
exposed,  the  seam  shows  indications  of  disturbance,  and  else- 
where it  has  not  been  considered  worth  while  to  attempt  to  prove 
the  seam  beneath  the  alluvial  deposit. 

To  the  west  of  the  International  Railway,  the  Agujita,  Cloete, 
and  Rosita  Collieries  are  worked  extensively  on  the  north-eastern 
outcrop,  while  on  the  south-western  outcrop  the  Palau,  El 
Menor,  and  Las  Esperanzas  Collieries  are  situated,  the  workings 
of  the  last-mentioned  colliery  being,  however,  now  confined  to 
the  south-eastern  portion  of  Las  Esperanzas  basin. 

The  dip  of  the  seam  on  the  north-eastern  outcrop  is  about 
6  degrees,  but  it  flattens  considerably  about  three-quarters  of  a 
mile  (1,200  metres)  in.     On  the  south-western  outcrop  the  dip 
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in  (he  contrary  direction  is  rather  greater,  and  between  El 
Meiior  and  Las  Esperanzas  it  becomes  steep. 

The  basin  has  not  been  penetrated  by  actual  underground 
developments,  either  by  slopes  or  by  shafts,  at  any  point  in  excess 
of  about  1^  miles  (2  kilometres)  from  the  outcrop.  A  number  of 
boreholes,  however,  have  been  put  down  across  the  basin  between 
Palau  and  Eosita,  and  indicate  that  the  maximum  depth  to  the 
main  coal-seam  between  these  points  does  not  exceed  800  feet. 
Further  south-east,  where  the  basin  widens,  the  maximum  depth 
will  probably  be  considerably  in  excess  of  this  figure. 

The  condition  and  the  character  of  the  coal-seam  vary  con- 
siderably. Between  the  town  of  Sabinas  and  the  south-eastern 
Agujita  boundary  the  coal  is  too  thin  and  dirty  to  be  workable. 
It  steadily  improves  in  thickness  from  south-east  to  north-west 
across  the  Agujita  property,  attaining  a  general  thickness  on 
the  north-west  of  6  to  8  feet.  The  roof  consists  on  the  east  and 
in  the  middle  of  the  property  of  hard  sandstone,  and  nearer 
the  north-western  boundary  shale  underlain  by  a  bituminous 
band  containing  a  good  deal  of  sulphur.  This  band,  when 
allowed  to  fall  and  disintegrate,  gives  rise  to  spontaneous  com- 
bustion. The  seam  throughout  this  property  is  closely  intermixed 
with  a  number  of  bands  of  impurities. 

The  north-westward  improvement  of  the  section  is  maintained 
in  the  Cloete  property,  and  in  general  there  is  still  greater 
improvement  in  the  Eosita  property,  where,  apart  from  local 
variations,  the  coal  becomes  cleaner,  the  bituminous  sulphur- 
ous band  over  the  coal  disappears,  and  the  bands  of  impurities 
in  the  seam  become  less. 

The  Santa  Maria,  El  Eefugio,  and  Sauceda  properties  have 
not  yet  been  developed  by  underground  workings.  Eesults  of 
diamond-drill  borings  and  trial  shafts,  however,  indicate  that 
at  Santa  Maria  the  seam,  while  rather  thinner  and  containing 
a  greater  proportion  of  bands  than  at  Eosita,  is  of  good  quality. 
In  the  El  Eefugio  property  it  appears  more  subject  to  splitting; 
in  Sauceda  the  upper  and  lower  portions  of  the  seam  come 
together  and  form  a  good  section,  but  again  split  near  the  Palau 
boundary.  Except  for  a  split  section  near  the  Sauceda  boundary, 
which  tends  to  disappear  in  depth,  the  Palau  area  contains  an 
excellent  seam  of  coal,  of  good  thickness,  regular,  clean,  and 
free  from  faults  to  within  about  1|  miles  (2  kilometres)  of  the 
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outcrop,  the  limit  of  the  present  workings.  At  El  Menor,  while 
the  roof  is  weaker  than  elsewhere,  the  seam  where  worked  is 
generally  of  good  section  and  clean  ;  borings  and  workings  indi- 
cate, however,  that  a  strip  of  thin  and  split  coal  occurs  more  or 
less  parallel  to  the  outcrop  in  the  northern  part  of  the  workings, 
but  gradually  converges  towards  it  in  the  south,  until  a  point  is 
reached  where  the  split  coal  is  found  cropping  out.  Boreholes  to 
the  dip  of  this  strip,  which  is  from  328  to  437  yards  (300  to  400 
metres)  wide,  show  fairly  good  results.  Further  south-east  the 
seam  is  still  split  badly,  and  boreholes  between  El  Menor  and 
Las  Esperanzas  indicate  a  highly-inclined  seam  of  poor  section. 

The  writer  has  no  first-hand  knowledge  of  the  conditions  in 
the  limited  Las  Esperanzas  underground  workings  in  the 
Sabinas  basin  which  have  been  abandoned.  His  information  is, 
however,  that,  in  addition  to  being  steep,  the  coal  is  of  very 
moderate   quality. 

Fig.  2  (Plate  IV.)  represents  fair  average  sections  of  the 
general  condition  of  the  seam  (apart  from  local  variations)  along* 
a  line  drawn  to  the  dip  of  and  roughly  parallel  to  the  outcrop 
from  the  Agujita  eastern  boundary  to  the  El  Menor  eastern 
boundary  in  an  anti-clockwise  direction. 

The  coal  in  this  basin  is  bituminous,  while  the  percentage 
of  inherent  ash  is  high,  altogether  apart  from  the  high  per- 
centage of  mechanically  intermixed  impurities.  A  satisfactory 
coke  is  produced  from  the  small,  and  the  larger  sizes  of  coal  are 
used  for  steaming  purposes. 

The  coal  becomes  a  little  drier  on  the  Palau  than  on  the 
Agujita  side  of  the  field,  as  will  be  seen  from  Table  III.,  which 
represents  approximate  average  analyses  of  "mine-run"  coal 
before  washing,  but  after  the  more  obvious  impurities  have  been 
picked  out:  — 

Table  III.— Representative  Analyses  of  Dry  Coal. 


Colliery. 

Ash. 

Volatile  Matter. 

Fixed  Carbon. 

Per  cent. 

Per  cent. 

Per  cent. 

Agujita  (mine  run, 

after  picking) ... 

27-5 

22-5 

50-0 

Rosita          do. 

do. 

22-0 

230 

55  0 

Palau            do. 

do. 

190 

20-0 

61-0 

El  Menor    do. 

do. 

20-0 

20-0 

coo 

The  sulphur  in  the  ash  ranges  from  1  to  2  per  cent.,  and  the 
specific  gravity  of  the  coal  from  1'4  to  15. 
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The  natural  conditions  of  working  are  on  the  whole  favour- 
able, and  the  gradients  are  light  and  little  hampered  by  throws. 
Little  water  is  met  with  in  driving  in  the  coal,  although  one  or 
two  of  the  shafts  sunk  to  the  dip  to  supplement  the  outcrop 
slopes  have  had  to  contend  with  substantial  feeders  in  sinking. 

Trouble  with  underground  fires  has  been  confined  almost 
wholly  to  the  neighbourhood  of  the  Agujita -Cloete  boundary, 
and  is  probably  due  to  the  conditions  in  the  roof  already  men- 
tioned. The  roof  in  the  majority  of  cases  is  moderate  or  good, 
and  seldom  really  bad.  By  far  the  most  important  feature 
under  this  heading  is  firedamp.  The  Agujita  and  Cloete  Mines 
up  to  the  limits  of  their  present  workings  (about  1,300  metres 
from  the  outcrop)  have  had  no  trouble  in  this  respect,  and  work 
almost  wholly  with  naked  lights.  At  Rosita,  however,  a  con- 
siderable quantity  of  firedamp  is  given  off  in  working,  and  serious 
explosions  have  taken  place  in  two  shafts  where  safety-lamps  are 
used,  these  shafts  being  164  and  223  feet  (50  and  68  metres)  deep 
respectively. 

At  Palau,  also,  a  number  of  serious  explosions  have  taken 
place  both  in  slopes  and  in  shafts,  and  the  shafts  sunk  to  the  dip 
of  the  slopes  have  encountered  strong  blowers  in  the  course  of 
sinking  and  opening  out.  At  El  lienor  one  serious  explosion  has 
occurred,  involving  a  loss  of  thirty-five  lives,  although  the  work- 
ings as  a  whole  are  remarkably  free  from  gas,  due  probably  to 
the  comparatively  sbort  distance  over  which  they  extend  from 
the  outcrop. 

The  part  that  coal-dust  has  played  in  the  propagation  of  the 
explosions  mentioned  above  has  undoubtedly  been  considerable, 
although  the  writer  does  not  believe  that  in  any  case  it  has 
been  the  prime  cause.  Samples  of  coal-dust  from  Agujita  were 
tested  by  Prof.  P.  Phillips  Bedson,  with  special  reference  to 
this  question,  the  results  indicating  a  not  very  sensitive  dust, 
although  tests  from  the  Palau  side  of  the  field,  where  the  coal 
is  less  volatile  but  much  cleaner,  would  probably  give  less 
satisfactory  results. 

The  very  heavy  loss  of  life  in  proportion  to  labour  employed 
which  has  occurred  in  this  field  from  explosions  originated  by 
firedamp  is  undoubtedly  due,  in  part,  to  an  absence  of  proper 
Government  regulations,  and  to  the  ignorance  of  the  individual 
miner  on  the  subject.     Apart  from  this,  however,   there  is  no 
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doubt  that  the  ventilation  has  in  the  past  been  quite  inadequate 
to  deal  with  the  situation,  although  there  is  evidence  latterly 
that  the  importance  of  this  point  is  being  more  fully  recognized. 

Method  of  Working. — The  method  of  working  is  very  simi- 
lar throughout  the  field  (Fig.  3,  Plate  IV.).  Main  slopes  are 
driven  on  the  full  dip  of  the  seam  from  the  outcrop  and  about 
1,093  to  1,640  yards  (1,000  to  1,500  metres)  apart,  parallel  air- 
ways being  driven  on  each  side  of  these  at  about  50-foot  (15- 
metre)  centres.  Entries  are  turned  off  to  the  right  and  to  the 
left  at  295  to  328-foot  (90  to  100-metre)  centres  and  driven  on 
approximately  the  strike  of  the  seam,  with  an  airway  on  the 
low  side  connecting  with  one  of  the  parallel  slope  airways. 
At  40  to  50-foot  (12  to  15-metre)  centres  rooms  are  turned  to 
the  full  rise  off  the  entries,  and  after  being  driven  up  a  short 
distance  narrow  are  opened  out  to  from  16|  to  20  feet  (5  to  6 
metres)  wide  and  continued  at  this  width  to  their  limit,  which 
is  from  20  to  23  feet  (6  to  7  metres)  below  the  airway  of  the 
next  entry  above.  For  ventilation  purposes  they  are  sometimes 
driven  through  to  this  entry  narrow.  Tbe  rooms  are  connected 
by  cross-cuts  at  intervals.  The  road  is  laid  on  one  side  of  the 
rooms,  and  all  rubbish  made  is  packed  on  the  other  side,  leaving 
sufficient  space  next  the  pillar  for  an  airway  to  connect  the  face 
of  the  room  with  the  last  cross-cut  from  the  next  room.  As  a 
rule  no  ripping  is  necessary  in  the  rooms.  The  economic  limit 
of  the  side  entries  is  usually  about  1,640  to  1,970  feet  (500  to 
600  metres),  and  when  this  is  reached  an  attempt  is  made  to 
rob  as  much  of  the  coal  remaining  in  pillars  between  the  rooms 
and  at  the  sides  of  the  entry  as  possible.  Single-rope  haulage 
is  employed  on  the  slope,  and  the  curves  of  the  entry  junctions 
are  so  arranged  that  the  empty  set  will  run  from  the  main  slope 
into  a  double  parting  on  the  entry.  Mule  haulage  is  employed 
in  the  entries,  and  as  a  rule  the  miners  push  their  own  tubs 
from  the  entry  up  to  the  room-face.  The  tubs  are  made  of  wood 
with  hinged  end  door  and  wheels  loose  on  the  axle ;  they  have  a 
tare  of  half-a-ton,  and  carry  rather  over  a  ton.  Rails  in  slopes 
weigh  40  pounds  to  the  metre,  in  entries  30  pounds,  and  either 
'vooden  strips  or  12-pound  rails  are  laid  in  the  rooms. 

The  main  slope  is  also  the  main  intake,  and  the  air  is  either 
taken  to  the  bottom  of  the  slope  and  circulated  up  the  entries 
on  each  side  in  two  splits,  or,  a  practice  which  is  far  better  in  a 
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large  mine,  aii  -crossing's  of  the  slope  airways  over  the  entries 
are  made  and  every  two  or  three  entries  provided  with  separate 
Splits.     Fig-  8  shows  a  typical  entrance  to  a  main  slope. 

"Where  the  roof  is  at  all  weak  and  firedamp  is  present,  or 
the  coal  is  soft,  there  are  great  disadvantages  in  this  system  of 
working,  especially  on  the  Palau  side  of  the  field  and  in  Las 
Esperanzas  hasin.  Up  to  a  certain  distance  the  rooms  go  all 
right,  but  as  they  proceed  the  distance  of  hand-haulage  in- 
creases, the  ventilation  at  the  face  becomes  poorer,  the  roads  get 

lower,  and  it  is 
increasingly  diffi- 
cult to  persuade 
men  to  work  in 
them.  Much  coal 
has  been  lost  in 
the  past  in  this 
way  by  not  getting 
rooms  up  to  their 
limit.  Even  when 
they  are  driven  up 
to  their  limit,  they 
must  be  left  until 
the  entry  has  been 
completed  before 
the  pillars  can  be 
robbed.  Unless 
the  roof  is  strong, 
a  large  number  of 
rooms  by  this  time 
have  fallen  in,  and 
do  not  justify  the 
expense  of  reopen- 
ing to  rob  the  pillars  ;  further,  until  the  entry  reaches  its  limit 
and  the  pillars  are  robbed,  there  is  often  a  tendency  for  a  squeeze 
to  come  on,  due  to  insufficient  pillar-coal  being  left  next  the  entry. 
Lastly,  an  enormous  superficial  area  of  coal  is  laid  open  for 
the  emanation  of  firedamp  or  blackdamp ;  while,  as  the  old 
rooms  themselves  are  driven  to  the  rise,  they  tend  to  act  as 
gasometers.  The  remedy  is  to  begin  by  driving  the  entry  to  its 
limit  with  a  parallel  airway  in  the  solid  coal,  commence  rooms 


Fig.  8.— Entrance  to  No.  2  Slope,  El  Menor  Mine. 
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ut  the  far  end,  and  draw  the  pillars  aa  soon  as  they  are  made. 
This  system,  apart  from  enabling  a  greater  proportion  of  the 
coal  to  be  recovered,  reduces  roadway  repairs  in  the  entries  and 
rooms  to  a  minimum,  diminishes  friction  of  the  air-current,  and 
renders  the  working  of  the  mine  safer  and  cheaper  in  every 
respect.  The  great  stumbling-block  always  is  to  get  any  work- 
ing mine  developed  sufficiently  ahead  of  its  output  requirements 
to  drive  the  entries  to  their  limit  without  turning  room*. 

All  the  coal  is 
hand-holed,  being 
as  a  rule  fairly  soft 
for  holing.  It  is 
blasted  down  by 
dynamite  or  some 
form  of  safety  ex- 
plosive, the  shot- 
firing  in  fiery 
mines  being  per- 
formed by  special 
shot  -  firers  when 
all  the  men  are 
out  of  the  mine. 
Compressed  -  air 
coal  -  cutting 
machines  of  the 
puncher  type  have 
been  tried  on  a 
large  scale  where 
the  bands  of  im- 
purities in  the 
seam  are  hard, 
but  their  use  was  eventually  abandoned  as  unsatisfactory. 
The  output  per  hewer  per  shift  varies  from  2  to  3  tons. 
Where  the  seam  splits,  longwall  could  probably  be  employed 
with  advantage  in  part  of  this  basin ;  the  pioneers  of  the  field, 
however,  did  not  come  from  a  longwall  country,  and  the  few 
attempts  which  have  been  made  to  introduce  it  have  been 
unsuccessful. 

The  entrances  to  the  slopes  are  sometimes  arched  for  a  short 
distance,   but  more  often  only  sidewalk  with   cross  timbers  or 


Fie.  9. 


-Digging  out  No.  1  Slope  (El  Menor  Mine) 
after  explosion. 
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girders,  and  sometimes  timbers  only,  are  put  in.  For  ordinary 
purposes  these  methods  of  support  suffice.  As,  however,  the 
inclination  of  the  seam  is  slight,  and  there  is  consequently  little 
cover  for  some  distance  down  the  slope,  the  results  when  explo- 
sions occur  are  disastrous,  as  the  slope  entrance  often  falls  in  and 
blocks  the  main  exit  from  the  mine.  Fig.  9,  taken  after  the 
explosion  at  El  Menor,  illustrates  this  point. 

The  miners  put  up  their  own  timber,  which  consists  of  yellow 
leaf  pine,  and  is  obtained  either  from  Texas  (U.S.A.)  or  from 

the  State  of  Dur- 
ango  (Mexico), 
the  former  being 
of  rather  better 
quality. 

The  under- 
ground workings 
of  shafts  are 
similar  to  those 
of  slopes,  except 
that,  as  a  rule, 
there  are  both 
rise  and  dip-slopes 
from  the  pit- 
bottom  siding. 

Hoisting  ar- 
rangements in 
shafts  differ.  In 
this  basin  as  a 
rule  the  tub  is 
tipped  in  an  auto- 
matic self-dump- 
ing cage,  whereby 
on  reaching  the  proper  position  at  the  surface  one  end  of  the 
cage  floor  is  automatically  elevated  and  the  opposite  end  door 
of  the  tub  freed,  the  coal  running  down  a  shoot  into  a  hopper, 
whence  it  can  be  fed  into  railway-wagons  as  required.  This 
system,  which  is  common  practice  in  the  United  States 
of  America,  has  the  advantage  of  reducing  tipple  labour  and 
tub-handling  arrangements  at  the  surface;  on  the  other  hand, 
it  means  breakage  of  the  coal  (which  in  this  field  is  of  less  import- 
ance than  most),  end  doors  to  the  tubs,  and  the  headgear  has  to 


Fig.   10. — Headgear  at  No.  4  Mine,  Palau. 
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be  extra  high  and  very  strongly  constructed  to  stand  the  wear  and 
tear.  The  accompanying  photograph  (Fig.  10)  of  the  headgear 
at  No.  4  Mine,  Palau,  which  is  equipped  with  single-deck  auto- 
matic tipping  cages  and  is  less  than  104  feet  (150  metres)  deep, 
illustrates  the  solidity  of  the  structure  required. 

Fully-developed  mines,  either  slopes  or  shafts,  yield  an  aver- 
age output  of  400  to  700  tons  per  day. 

Administration. — Each  working  mine  is  under  a  "mine 
boss,"  who  is,  as  a  rule,  a  foreigner,  either  American  or  Spanish, 
and  occasionally  British,  and  has  one  or  more  Mexican  assistants 
under  him.  Some  of  the  smaller  producing  mines  with  easy 
conditions  employ  Mexican  mine  bosses  with  satisfactory  results. 
The  mine  bosses  are  responsible  to  a  superintendent,  who  is  re- 
sponsible for  the  technical  department  to  the  general  manager. 
Both  superintendents  and  general  managers  are  drawn  from 
several  nationalities,  including  American,  Mexican,  Spanish, 
Austrian,  German,  and  British.  In  the  writer's  experience  want 
of  satisfactory  underground  supervision  is  one  of  the  main  diffi- 
culties in  the  successful  working  of  this  field.  Except  for  Spain 
and  Chile,  there  are  practically  no  working  coalfields  of  any 
importance  in  Spanish-speaking  countries.  The  conditions  of 
coal-mining  in  both  these  coalfields  are  very  dissimilar  from 
those  that  are  prevalent  in  Mexico,  while  Chile  is  a  difficult 
country  to  get  into  touch  with.  Good  mine  officials  drawn  from 
Great  Britain  or  from  the  United  States  of  America  have  not 
only  to  learn  the  language  and  to  handle  Mexican  labour,  but 
they  also  often  require  considerable  tact  in  dealing  with  their 
superiors,  who>  may  not  be  technical  men,  of  different  nationality, 
and  apt  to  view  innovations  with  suspicion.  The  customs  of  the 
country  and  the  climate  do  not  foster  initiative,  and  a  man  has 
usually  either  lost  his  own  initiative  or  gone  home  before  over- 
coming the  obstacles  that  have  just  been  enumerated. 

Surface-plant. — The  surface-plant  at  the  mines  is,  as  a  rule, 
steam-driven.  Steam  is  generated  by  return  tubular  boilers 
about  18  feet  long,  the  gases  of  combustion  passing  under  and  to 
the  back  of  the  boiler  and  returning  through  a  number  of  tubes 
to  the  smoke-stack  at  the  front,  the  working  pressure  being  90 
to  110  pounds. 

This  type  of  boiler  is  very  unsuitable  for  the  kind  of  water 
available,  as,  unless  special  precautions  with  the  feed-water  are 
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adopted,  the  lubes  have  to  be  frequently  taken  out  and  cleaned  of 
scale.  At  two  of  the  collieries  Lancashire  boilers  were  introduced 
with  more  satisfactory  results.  No  serious  attempts  at  softening 
the  water  in  bulk  prior  to  feeding  it  to  boilers  have  been  made, 
though  they  would  doubtless  give  highly  satisfactory  results. 

Representative  analyses  showing  the  character  of  some  of 
the  best  feed-water  available,  are  as  follows  :  — 

Silica 

Oxide  of  iron 
Sulphate  of  lime  ... 
Carbonate  of  lime 
Carbonate  of  magnesia  ... 
Sulphate  of  magnesia     ... 
Carbonate  of  sodium 
Sidphate  of  sodium 
Chloride  of  sodium 

Totals  

Hardness 

"Waste-heat  from  coke-ovens  is  used  for  firing  to  a  limited 
extent :  as  a  rule,  inferior  washed  coal,  mine-run  coal,  and  clean- 
ings-up  round  the  washeries  and  screens  are  burnt. 

Small  compressors  are  employed  for  underground  pumps  at 
most  mines,  although  in  some  cases  outside  the  Sabinas  basin 
pumping  is  performed  by  electricity. 

Ventilating  fans  are  mainly  of  a  type  similar  to  the  Guibal, 
only  smaller ;  they  are  driven  by  single-acting  engines,  and  are 
often  overloaded.  The  direct-coupled  double-acting  hoists  call 
for  no  comment. 

The  preparation  of  coal  for  market  and  the  coking  arrange- 
ments are  interesting. 

At  Palau  and  El  Menor,  for  special  reasons,  the  coal  is  not 
washed  or  coked,  but  is  either  sold  in  a  mine-run  or  in  a  screened 
form,  in  each  case  after  being  picked  either  on  belts  or  in  wagons. 
The  comparative  cleanliness  of  the  coal  on  this  side  of  the  basin 
enables  this  to  be  done;  on  the  other  side,  however,  and  also  in 
the  eastern  and  workable  portion  of  Las  Esperanzas  basin 
(where  the  seam  appears  to  occur  in  a  very  similar  condition  to 
that  at  Agujita),  some  form  of  treatment  is  essential  in  order  to 
produce  a  marketable  product.  Taking  Agujita  as  an  example, 
the  coal  in  the  seam  occurs  in  two  main  varieties — one  a  bright 
friable  coal  containing  about  11  per  cent,  of  ash  and  yielding  a 
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highly  intumeecent  coke,  and  the  other  a  lieavier  dull  black  coal, 
much  harder  than  the  bright  coal,  containing  about  37  per  cent, 
of  ash  and  not  giving  so  good  a  coke.  The  full  proximate 
analysis  of  these  two  coals  is  as  follows  :  — 


Moisture. 

Volatile 
matter. 

Fixed 
carbon. 

Ash. 

Specific 
gravity. 

Bright  coal     .. 

0-30 

23-82 

64-83 

11-05 

1-40 

Dull  coal 

1-40 

18-40 

43-65 

36-55 

1-61 

The  latter  is  locally  termed  "  bony  "  coal,  and  the  bands  of 
"  bone  "  shown  in  the  sections  (Fig.  2,  Plate  IV.)  represent  a 
mineral  with  a  still  higher  percentage  of  ash  in  relation  to  the 
fixed  carbon  and  volatile  matter.  There  are  also  graduations 
between  the  bright  and  dull  coal  and  between  the  bony  coal  and 
bone.  In  regard  to  the  treatment  of  this  coal,  the  following  are 
the  main  considerations  :  — 

(1)  There  is  almost  always  in  normal  times  a  good  demand 
for  coke  at  highly  remunerative  prices,  but  the  coal  from  which 
this  coke  is  made  should  not  exceed  for  bee-hive  ovens  12  per 
cent,  of  ash. 

(2)  The  demand  for  high-ash  nut  and  pea-coal  is  limited,  and 
the  higher  the  ash,  the  more  limited  is  the  market. 

It  is  most  important,  therefore,  to  obtain  the  highest  possible 
output  of  coal  under  12  per  cent,  of  ash  from  the  gross  product, 
and  render  sufficient  of  the  balance  saleable  without  sending  an 
excessive  proportion  to  the  refuse-heaps. 

At  Agujita  there  are  two  separate  washers,  a  Luhrig  washer 
for  fine  coal  and  a  Stewart  washer  for  washing  the  larger  sizes. 
The  Luhrig  washer  is  well  known  in  this  country.  The  Stewart 
washer  consists  of  a  basket  or  box  with  a  perforated  bottom,  into 
which  the  material  to  be  washed  is  fed  and  over  which  the 
current  of  water  carries  it.  The  entire  box  is  suspended  in  a 
tank  of  water  from  excentric  suspension-rods  which  impart  to  it 
an  upward-and-downward  movement.  This  forces  the  water 
alternately  backward  and  forward  through  the  perforated  bottom, 
lifting  the  coal  and  allowing  it  to  be  carried  away  by  the  stream 
of  water  flowing  from  the  top,  while  the  heavier  material  or 
refuse  settles  on  the  screen-plate,  from  which  it  works  forward 
and  off  into  the  water-tank  through  a  valve  set  at  a  suitable 
height.  This  tank  in  which  the  jig  works  has  a  hoppered  bottom, 
which  directs  the  falling  refuse  into  an  elevator  by  which  it 
is  removed. 
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The  coal  from  the  mines  is  brought  in  tubs  to  the  tipple, 
where  it  is  weighed  and  tipped.  It  is  first  passed  through  a 
rotary  drum  screen  with  J-inch  square  perforations,  50  per  cent, 
of  the  coal  passing  through  this  screen  and  50  per  cent,  going 
over.  The  50  per  cent,  which  goes  through  is  re-screened  in 
a  £-inch  rotary  screen ;  44  per  cent,  goes  through  and  6  per  cent, 
goes  over;  the  latter,  together  with  the  50  per  cent,  over  the 
^-inch  screen,  is  diverted  to  the  Stewart  side.  The  44  per  cent, 
is  treated  in  a  Liihrig  type  washer  over  felspar-beds.  Out  of 
this  44  per  cent.,  38  per  cent,  is  recovered  as  washed  coking 
fines,  and  contains  after  treatment  11  to  12  per  cent,  of  ash. 
The  balance  of  6  per  cent,  is  rejected  as  refuse. 

The  50  per  cent,  which  goes  over  the  ^-inch  mesh  in  the 
rotary  screen  is  first  passed  over  bars  spaced  4  inches  apart : 
48  per  cent,  goes  through,  and  2  per  cent,  goes  over.  The  latter 
is  bone  and  refuse,  and  is  rejected.  The  48  per  cent,  is  then 
elevated  to  a  Bradford  breaker,  which  consists  of  a  trommel  6 
feet  in  diameter  and  9  feet  long,  with  a  perforated  cover,  the 
perforations  being  1  inch  in  diameter.  The  trommel  makes 
twenty-five  revolutions  a  minute,  and  is  fitted  with  shelves 
designed  to  throw  the  contents  about  and  to  detach  the  purer  and 
more  friable  coal  from  the  harder  and  tougher  bone.  The  effect 
is  to  select  9  per  cent,  of  the  48  per  cent,  which  goes  to  the 
refuse-dump.  The  remaining  39  per  cent.,  which  passes  through 
the  perforations,  is  passed  on  to  the  Stewart  jigs,  together  with 
the  6  per  cent,  from  the  Liihrig  side  already  mentioned,  bring- 
ing the  percentage  at  this  point  up  to  45  per  cent,  of  the  total. 

The  Stewart  jigs  reject  17  per  cent,  as  refuse,  leaving  28 
per  cent,  of  washed  coal.    This  is  divided  by  riddle  as  follows  :  — 

Ash-euntents 
Per  cent. 

13  0  per  cent,  fines  for  second-class  coke  through  Tsg-inch  mesh       19  to  20 

9  5  per  cent,  of  peas  through  z%  to  g-inch  mesh  ...         ...       17  to  18 

5  5  per  cent,  of  nuts  through  §  to  1-inch  mesh  ...         ...         ...       18  to  19 

28-0  per  cent. 

A  summary  of  the  results  is  as  follows :  — 

Per  cent. 
Best  coking  coal  ...         ...         ...         ...         ...         ...         ...         38 

Inferior  coal  ...         ...         ...         ...         ...         ...         ...         28 

Refuse         34 

Total  100 
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Fig.  4  (Plate  IV.)  illustrates  diagrammatically  the  foregoing 
description.  The  two  striking  features  of  this  separation  process, 
when  it  is  compared  with  current  practice  in  the  majority  of  other 
coalfields,  are  :  (1)  The  best  and  purest  coal  is  obtained  in  the  fines 
by  screening  off  the  larger  sizes;  and  (2)  11  per  cent,  of  the  total 
output  is  extracted  in  the  form  of  refuse  by  mechanical  dry 
separation. 

The  separation  process  as  described  was  only  arrived  at 
after  a  number  of  modifications,  and  with  the  present  plant  and 
facilities  can  probably  not  be  much   improved  upon. 

The  majority  of  the  fixed  carbon  lost  in  the  refuse  is  in  the 

Fig.  11. 


Fig.  12. 


Figs.  11  and  12. — Radiographs  of  Pieces  of  Goal,  showing  finely- 
divided  Inorganic  Matter  diffused  through  the  Mass. 


bone,  but  a  certain  amount  of  good  coal  also  gets  away.  The 
Stewart  washer  could  probably  be  replaced  with  advantage  by 
more  sensitive  jigs,  and  the  coal  on  this  side  sized  before  wash- 
ing. Experiments  were  made  in  England  on  pulverizing  the 
bony  coal  and  subjecting  it  to  air-blast  separation  ;  the  results, 
however,  were  unsatisfactory,  due  to  the  fine  dissemination  of 
the  impurities.  This  is  illustrated  by  the  accompanying  radio- 
graphs of  the  bony  coal  (Figs.  11  and  12). 

The  Agujita  output  varied  from  1,000  to  1,200  tons  gross 
per  10-hour  day,  giving  rise  to  from  350  to  400  tons  of  refuse  for 
disposal.  The  flat  nature  of  the  country  gave  no  assistance  to 
tipping.  Highly-inclined    trestles    were    built    with     a    return 
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sheave   at  the   top   and   the   refuse   hauled   up  the   tip   in   auto- 
matically tipping  cars  by  a  stationary  haulage-engine. 

The  corrosive  effect  of  the  sulphurous  fumes  given  off  by  the 
burning  refuse-heaps  on  the  plant  and  machinery  was  serious, 
and  the  still  more  important  problem  of  how  to  dispose  of  the 
steadily    increasing    accumulations    in   the    future    at    moderate 

expense  never 
found  an  alto- 
gether satisfactory 
solution.  Probably 
flushing  the  refuse 
into  abandoned 
mines  would  be 
the  best  form  of 
disposal  ;  at  the 
same  time,  it  would 

Fig.  13. — Agujita  Coal-washers  and  Bins  in  the      be      preferable      if 
Distance  ;  Burning  Refuse  Dumps  in  the  Fore-  . .   P 

GRouNi-.  some    satistactory 

means  of  utilizing 

the  considerable  calorific  value  that  remains  could  first  be  taken 

advantage    of.      The    burning   dumps   with   coal-washer  in  the 

background  are  shown  in  Fig.  13. 

Analyses  made  of  the  refuse  from  the  Stewart  and  Liihrig 

jigs   resulted   as  follows:  — 


Stewart 
refuse. 

Liihrig 
refuse. 

Calorific  value  of  dried  refuse 

7,047 

B.T.U. 

8,513 

B.T.U. 

Do.           as 

delivered  ... 

6,906 

per  cent. 

8,345 

>> 

Moisture 

1-99 

1-97 

per  cent 

Ash          

55-40 

», 

46-94 

,, 

Volatile  matter 

14-16 

;» 

14-97 

,, 

Fixed  carbon 

28-45 
100-00 

» , 

36-12 

» 

Totals 

100  00 

" 

Sulphur 

2-16 

, » 

31 

,, 

Preliminary  tests  were  made  on  samples  of  these  fuels  in 
Babcock  &  Wilcox  chain-grate  stokers,  with  the  view  of  con- 
sidering the  question  of  generating  cheap  electrical  power  from 
pit-refuse  on  a  large  scale  at  the  collieries.  The  results  obtained, 
however,  while  inconclusive,  were  not  particularly  encouraging. 

The  washed  fines  from  the  Liihrig  washer  are  coked  in  bee- 
hive  ovens,    of    which    there    are    altogether    400,    60  of    them 
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being    arranged    with    a    waste-heat    flue    and    the   others    dis- 
charging their  waste-heat  into  the  atmosphere. 

The  coke  yield  per  ton  of  coal  charged  is  about  64  per  cent., 
a^d  gives  on  the  average  a  proximate  analysis  as  follows: — 

Per  cent. 
Moisture        ...         ...         ...         ...         ...         ...         ...         ...         1*35 


Volatile  matter 
Fixed  carbon 
Ash      

Total 
Sulphur  ... 


1-70 

82-25 
14-70 

10000 
0-91 


The  conditions  at  the  Cloete  Mines,  where  there  are  between 
200  and  300  bee-hive  ovens,  are  much  the  same  as  at  Agujita. 

At  Rosita,  where  the  seam  becomes  cleaner  and  there  is 
less  bone,  the  losses  in  treatment  are  rather  smaller,  and  coal- 
breaking  can  be  dispensed  with.  Humboldt  jigs  are  employed 
in  the  washer,  and  give  very  satisfactory  results.  A  battery  of 
Piette  non-bye-product  retort-ovens  has  recently  been  erected, 
the  yield  of  coke  and  percentage  of  ash  in  the  product  being 
consequently  much  improved  in  comparison  with  results  from 
the  same  coal  coked  in  bee-hive  ovens. 

The   arrangements   at   Palau   and    El   Menor  have   already 
been  referred  to. 

Las  Esperanzas  Basin. — Turning  now  to  other  basins  and 
outcrops,  the  workings  of  the  Las  Esperanzas  Company  at  the 
south-eastern  end  of  the  basin  of  that  name  have  already  been 
mentioned.  In  order  to  replace  the  approaching  exhaustion 
of  workable  coal  from  the  large  number  of  slopes  put  down 
from  the  outcrop  in  this  property,  a  shaft  was  sunk  near  the 
centre  of  this  end  of  the  basin  to  a  depth  of  between  800  and 
900  feet.  A  large  quantity  of  water  was  met  with  in  sinking, 
and  on  the  seam  being  reached  and  opened  out  so  many  difficult- 
ies were  encountered  owing  to  this  cause,  coupled  with  a  soft 
heaving  floor,  crush,  and  firedamp,  that  the  development  was 
eventually  abandoned. 

A  reference  to  this  colliery  would  not  be  complete  without 
mention  of  a  battery  of  50  non-bye-product  Koppers  coke- 
ovens  recently  erected  :  these  give  most  satisfactory  results  in 
quality  of  coke  and  efficiency.  The  waste-heat  is  converted  into 
electrical  power  through  the  medium  of  a  large  high-pressure 
turbine. 
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A  certain  amount  of  boring  and  exploratory  outcrop  work 
has  been  done  in  the  middle  and  at  the  north-western  end  of 
Las  Esperanzas  basin,  which  indicates  the  existence  of  a  highly- 
inclined  seam,  as  a  rule  thin  and  of  moderate  quality.  The  same 
remarks  apply  to  the  Nogalitos  basin. 

Away  to  the  south-west  on  the  other  side  of  the  mountains  the 
San  Salvador  basin  has  been  proved  by  boreholes  to  contain  a 
workable  seam  of  variable  thickness,  intermixed  with  bands  of 
impurities  and  of  moderate  quality.  Absence  of  railway  com- 
munication has  up  to  the  present  rendered  any  consideration  of 
the  development  of  this  basin  out  of  the  question. 

Saltillito-Lam paeitos  Basin. — The  Saltillito-Lampacitos  basin 
is  the  most  important  in  this  district  next  to  the  Sabinas 
basin.  In  Fig.  G  (Plate  V.)  it  will  be  seen  that  the  outcrop 
of  coal  proved  by  borings  and  workings  at  Lampacitos  has  been 
traced  along  the  flank  of  the  mountains,  and  probably  connects 
with  one  or  other  of  the  two  Saltillito  Seam  outcrops  under  the 
alluvial  deposit  of  the  River  Aura.  The  trend  of  the  Saltillito 
Seams  in  an  easterly  direction  has  not  been  proved  beyond  the 
limits  shown,  nor,  on  account  of  the  alluvial  deposit,  has  it 
been  possible  to  follow  at  the  surface  the  trend  of  the  Lamp- 
acitos Seam  in  a  northerly  direction  east  of  the  railway.  There 
are  signs  of  considerable  dislocation,  however,  between  Aura 
and  Obayos  east  of  the  railway,  at  a  point  where  the  bed-rock 
is  exposed.  The  writer  is  of  opinion  that  the  original^  shape 
and  character  of  this  basin  has  been  greatly  modified  by  the 
volcanic  agencies  which  gave  rise  to  the  mountains  on  the  west 
and  east  respectively,  the  features  already  mentioned,  coupled 
with  the  comparatively  steep  inclination  of  the  seam  and  differ- 
ence in  character  of  the  coal  at  Lampacitos  as  compared  with 
Saltillito,  tending  to  support  this  view. 

The  upper  Saltillito  Seam  has  been  proved  by  slopes  penetrat- 
ing from  the  outcrop  to  a  considerable  distance,  and  by  boreholes 
(reaching  a  maximum  depth  to  the  coal  of  715  feet)  over  a  length 
of  2|  miles  (4  kilometres)  at  a  minimum  distance  of  4j  miles  (7 
kilometres)  from  the  railway.  It  dips  southwards  at  from  11  to 
13  degrees.  The  seam  over  the  area  proved  varies  from  3  to  5 
feet  in  thickness,  and  usually  contains  a  number  of  interbedded 
dirt  and  bone  bands  (averaging  at  least  21  per  cent,  of  the  total 
section),  which  in  some  cases  come  together  and  form   a  thick 
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parting  that  splits  the  seam.  Tests  were  made  in  washing  and 
coking  ahout  20  tons  of  this  coal  in  England,  from  which  it 
appears  to  be  very  similar  in  general  character  to  the  Agujita 
coal.  The  ash,  however,  occurs  in  great  uniformity  through- 
out the  various  sizes,  the  volatile  matter  is  in  general  lower, 
while  the  coke  produced  from  washed  coal  is  inferior  to  Agujita 
coke. 

The  lower  seam  at  Saltillito  has  only  been  proved  by  borings ; 
but,  to  judge  from  these,  considerable  areas  of  almost  clean  coal 
from  4  to  5  feet  thick  appear  to  exist,  of  better  section  than  the 
upper  seam,  lying  at  a  distance  varying  from  18  inches  to  35  feet 
below  it.  The  writer  is  of  opinion  that  this  lower  seam  is  prob- 
ably the  true  seam  of  the  coalfield,  corresponding  to  the  seam 
worked  in  the  Sabinas  basin.  Until  further  explorations  in  the 
form  of  drifts  or  trial-shafts,  however,  are  made,  a  definite  con- 
clusion on  this  point  cannot  be  arrived  at.  Lack  of  railway 
facilities,  water-supply,  and  capital  have  prevented  the  further 
exploration  or  development  of  this  area  up  to  the  present. 

Trial-borings  west  of  Saltillito,  in  the  neighbourhood  of  the 
railway,  have  been  unsatisfactory,  and,  wThere  the  alluvium  dis- 
appears and  the  coal  again  crops  out  at  the  surface  on  the  eastern 
flank  of  the  Sierra  de  Obayos,  it  lies  at  a  steep  inclination  of 
from  40  to  60  degrees.  Southwards  the  strata  have  not 
been  explored  below  the  outcrop  until  Lampacitos  is  reached, 
where  extensive  exploration  and  development  work  have  taken 
place,  giving  rise  to  the  Lampacitos  Colliery.  The  borings  in 
this  area  also  proved  two  seams,  but  the  upper  one  was  thin  and 
patchy,  and  no  attempt  has  been  made  to  work  it. 

Lampacitos  Colliery. — A  number  of  slopes  have  been  put 
down  in  the  seam  from  the  surface  after  first  penetrating  a  few 
yards  of  calcareous  alluvial  conglomerate.  On  leaving  the  moun- 
tains the  seam  flattens  from  about  40  to  17  degrees,  and  the  dip 
appears  to  have  a  tendency  to  decrease  still  further  at  the  north- 
ernmost point  proved  on  the  return  crop  of  the  horseshoe  curve. 
The  seam  at  Lampacitos  is  softer  and  generally  cleaner  than 
at  the  other  mines  described.  It  varies  from  3|  to  6  feet  in 
thickness,  and  contains  as  a  rule  one  and  sometimes  two  rock 
or  dirt  bands  not  exceeding  a  total  thickness  of  8  inches.  The 
seam  shows  evidence  of  a  good  deal  of  crushing,  not  only  by  its 
greasy  texture,    but    also    in    many   parts   from   the   number   of 
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elickensides  coated  with  lime-deposits.  The  roof  is  weak  shale, 
and  as  a  rule  not  good.  Feeders  of  water  in  the  underground 
workings  are  more  common  than  in  the  Sabinas  basin,  although 
not  heavy. 

The  workings  (which  have  reached  a  vertical  depth  of  nearly 
500  feet  from  the  surface)  give  off  very  little  inflammable  gas. 

The  analysis  of  the  coal  as  regards  ash-contents  varies  con- 
siderably in  different  parts  of  the  workings ;  compared  with  the 
Sabinas  basin  coal,  however,  the  untreated  mine-run  coal  gener- 
ally contains  less  ash  and  always  less  volatile  matter  and  more 
fixed  carbon.  A  fair  average  analysis  of  mine-run  coal  would 
be  as  follows :  — 

Per  cent. 
Moisture  ...         ...         ...         ...         ...         ...         ...         ...         5*0 


Fixed  carbon  ... 
Volatile  matter 
Ash        


Total 
Sulphur 


62-0 
15-0 
18-0 

100  0 
11 


The  comparative  cleanliness  of  the  mine-run  coal  and  absence 
of  bone  gives  this  colliery  an  advantage  similar  to  that  enjoyed 
by  the  collieries  on  the  south-western  outcrop  of  the  Sabinas 
basin.  A  considerable  proportion  of  large  coal  is  screened  out 
over  2-inch  perforations,  and  picked  over  a  picking-belt;  the 
remainder  is  re-screened  into  four  sizes,  three  of  which  are  wash- 
ed in  two  Stewart  jigs  and  the  other  sold  unwashed.  The  total 
amount  of  refuse  thrown  out  in  picking  and  washing  amounts  to 
about  9  per  cent,  on  the  average.  The  beneficial  results  of  wash- 
ing are  less  marked  than  at  Agujita,  the  washed  fines  which  form 
about  40  per  cent,  of  the  gross  output  containing  13^  per  cent,  of 
ash.  A  good  deal  of  coal  is  lost  in  the  refuse,  and  the  results 
would  undoubtedly  be  improved  by  employing  more  sensitive 
jigs  than  the  Stewart  type  for  washing  the  smaller  sizes.  A  view 
of  the  Lampacitos  coal-washing  plant  is  shown  in  Fig.  14. 

The  fines  are  coked.  At  first  an  attempt,  which  failed,  was 
made  to  coke  this  coal  in  bee-hive  ovens.  Subsequently  a  battery 
of  thirty-six  Koppers  non-bye-product  retort-ovens  was  erected, 
and  these  also  proved  unsatisfactory.  The  absence  of  sufficiently 
exhaustive  tests  on  the  coal  before  these  ovens  were  decided  upon 
makes  it  difficult  to  say  whether  good  coke  can  be  produced  from 
it  under  favourable  conditions  or  not.     The  Koppers  ovens  that 
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have  been  installed  taper  from  22  to  19  inches  in  width,  are  7  feet 
high,  and  designed  for  a  48-hour  coking  period.  The  coke  is 
insufficiently  burnt  and  very  dense,  and  usually  saleable  only 
with  difficulty  at  a  price  from  1">  to  20  per  cent,  less  than  Sabinas 
basin  coke. 

Steam  is  generated  by  the  waste-heat  in  four  Lancashire 
boilers.  Figs.  15  and  16  show  the  retort-oven  plant  and  the 
Lancashire  boilers  fired  with  waste-heat.  The  mine  machinery 
at  this  colliery  is  in  part  electrically  and  in  part  steam-driven. 


Fin.   14.~Lampacitos  Washer  Plant. 


Continuous  current  is  generated  in  the  neighbourhood  of  the  coke- 
ovens  by  horizontal  reciprocating  steam-engines  at  550  volts,  and 
is  utilized  for  electrical  transport  of  coal  on  the  overhead  wire 
system  from  the  various  mines  to  the  central  plant,  for  ventilat- 
ing fans,  coke-oven  and  sundry  work,  and  underground  pumps. 
Hoisting  at  the  mines  is  performed  by  steam-hoists.  Electrically- 
driven  hoists  were  installed  at  first,  but  the  steep  gradient  of  the 
seam,  coupled  with  a  relatively  small  power-station,  rendered 
the  peak-load  very  unsatisfactory  when  one  or  more  full  sets  were 
being  pulled  out. 
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The  same  system  of  working  as  in  the  Sabinas  basin,  modi- 
fied to  suit  the  higher  inclination  and  softer  nature  of  the  seam, 
is  carried  out  underground.     The  entries  are  driven  on  the  strike 


Fig.  15  — Koppeks  Retort-ovens  at  Lampacitos. 


Pig.    16. —Lancashire  Boilers  taking  Waste-heat  from  Koppers  Ovens 
at  Lampacitos. 

and  the  rooms  to  ihe  full  rise.  As  the  gradient  is  insufficient  to 
enable  the  coal  to  gravitate  down  to  the  entries,  and  too  great 
to  allow  of  the  tubs  being  brought  to  the  face,  the  coal  is  con- 
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sequently  shovelled  down  on  sheets  or  run  down  in  sleds  to  the 
entry,  where  it  is  loaded  into  tubs.  Under  this  system  the  rooms 
are  shorter  and  entries  are  turned  more  frequently  than  in  the 
Sabinas  basin,  (neat  difficulty  is  often  experienced  in  keeping- 
open  entries  with  many  rooms  turned  off,  because  of  the  pressure 
and  the  poor  resistance  of  the  soft  room  pillars  left  on  the  rise 
side,  and  the  life  of  the  entries  as  well  as  that  of  the  rooms  is  far 
shorter  than  in  the  Sabinas  basin.  Some  form  of  longwall  or 
retreating'  method  of  the  present  system  would  probably  yield, 
better  results. 

The  dip  of  the  seam  in  the  workings,  to  which  the  foregoing 
description  applies,  varies  from  17  to  23  degrees. 

Turning  now  to  the  most  northerly  Held,  borings  and  de- 
velopments have  proved  the  existence  of  a  coal-seam  extending 
1£  to  2  miles  (2  to  3  kilometres)  to  the  dip  of  the  outcrop,  and 
cropping  out  roughly  in  a  line  north-east  and  south-west  from 
the  liio  Bravo  to  Fenix,  a  distance  of  some  15  miles  (24  kilo- 
metres). The  coal-seam  dips  in  a  general  south-easterly  direc- 
tion at  a  very  slight  inclination,  and  has  been  worked  from  time 
to  time  by  several  different  companies ;  with  the  exception  of 
the  workings  of  the  Rio  Escondido  Company,  however,  these 
workings  have  practically  all  been  abandoned. 

Rio  Escondido. — The  seam,  in  common  with  those  in  the 
other  districts  described,  varies  greatly  in  thickness,  from  a 
minimum  of  2  to  a  maximum  of  5  feet,  with  one  or  two  thin  dirt- 
bands.  In  other  respects,  however,  it  is  very  different,  as  may 
be  gathered  from  an  analysis  of  Rio  Escondido  mine-run  coal, 
of  which  the  following  is  a  fair  average:  — 

Per  cent. 

Moisture  420 

Volatile  matter  35  00 

Fixed  carbon  ...  44-20 

Ash       16-60 


Total        100-00 

The  coal  is  much  harder  than  the  Sabinas  basin  coal;  it 
has  a  cubical  fracture,  and  the  ash  is  largely  inherent.  The  coal 
will  not  coke,  and  is  used  mainly  in  gas-producers  and  loco- 
motives on  railways  with  steep  gradients,  where  a  free-burning 
coal  is  required.  The  market  is  mainly  for  mine-run  coal,  but 
a  portion  of  the  output  is  also  screened  into  large  and  small,  and 
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sold  unwashed.  Bar-screens  with  pickers  in  the  railway-wagon, 
shaking  screens  with  picking-belts,  and,  in  one  case,  a  Marcus 
conveyor,  are  employed.  The  percentage  of  lump  varies  from 
35  to  40  per  cent. 

A  departure  from  usual  Mexican  practice  was  made  at  this 
colliery.  Small  steel-box  mine  tubs  with  wheels  fixed  to  the 
axle  of  about  4|  cwts.  tare,  and  carrying  10  cwts.,  on  the 
North  of  England  and  Scottish  principle,  were  obtained  from 
Scotland,  in  order  to  eliminate  as  far  as  possible  brushing  in 
all  but  main  roads  in  the  thinner  sections  of  the  seam.  The 
rooms  are  driven  narrow,  with  the  view  of  avoiding  squeeze 
and  of  winning  the  major  portion  of  the  seam  from  broken 
workings,  while  endless-rope  haulage  with  Smallman  clips  is 
employed  on  the  main  roads.  The  results  have  been  (on  the 
whole)  very  satisfactory,  the  main  difficulty  being  to  get  the 
pillars  taken  out  properly  in  the  broken.  The  Mexican  miners 
could  seldom  be  induced  to  do  this  work,  and  in  broken  workings 
Japanese  labour  proved  to  be  most  efficient.  Longwall  has 
been  tried  successfully  to  a  limited  extent  where  the  section  is 
thin,  but  lack  of  sufficient  efficient  underground  foremen  ex- 
perienced in  this  system  prevented  its  introduction  on  a  wider 
scale.  Fig.  5  (Plate  IY.)  gives  a  representative  section  of  the 
seam  as  worked. 

A  moderate  quantity  of  water  and  only  occasional  traces  of 
inflammable  gas  are  met  with  in  the  workings,  which  have  a 
maximum  of  200  feet  of  cover  at  the  present  time. 

Ownership  and  Royalty. — In  Mexico,  mineral  substances  are 
divided  into  two  classes,  those  that  belong  to  the  nation  and 
those  that  belong  to  the  owner  of  the  soil.  Deposits  which 
belong  to  the  nation  may  be  worked  only  by  virtue  of  a  Federal 
grant,  whereas  the  deposits  belonging  to  the  owner  of  the  soil 
may  be  worked  freely  without  need  of  any  Government  grant. 
Coal  comes  under  the  latter  category. 

Some  of  the  coal-mines  are  working  their  own  freehold. 
The  majority,  however,  have  leases  from  the  owner  of  the  soil. 
The  general  form  of  these  leases  contains  a  period  for  exploring 
the  property  by  boring  or  otherwise,  and  an  option  to  take  up 
a  lease  during  the  exploration  term.  If  the  lease  is  taken  up,  a 
royalty  varying  from  2£d.  to  4d.  per  ton  of  coal  sold  must  he 
paid,   although   in  a  few   cases  the    royalty  is  per   ton  of  coal 
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extracted,  boiler-coal  being  exempt.  There  is  usually  a  separate 
royalty  of  from  4d.  to  4id.  per  ton  on  coke  sold.  A  minimum 
output  corresponding  to  a  dead  rent  is  provided  for,  and  there 
are  powers  of  determination  at  variable  periods. 

Cost  of  Working. — The  cost  of  working  varies,  under  normal 
conditions,  from  the  equivalent  of  6s.  to  9s.  per  ton  of  gross  out- 
put, including  all  expenses  except  directors'  fees  and  depre- 
ciation. 

It  will  be  realized  from  the  foregoing  descriptions  that  the 
natural  conditions  as  regards  mining  and  preparation  for 
market  differ  very  considerably,  apart  from  the  question  of 
good  or  bad  management  and  overhead  charges. 

Table  IV.  shows,  in  terms  of  proportion,  the  allocation  of 
the  cost  to  equivalent  departments  at  Escondido,  Agujita, 
El  Menor,  and  Lampacitos,  averaged  over  a  period  of  12  months. 
These  four  collieries  may  be  taken  as  typically  representative 
of  the  principal  different  conditions  that  prevail  in  the  coal- 
field. 


Table  IV. —Allocation  of  Cost  to  different  Departments  at 

FOUR   MlN 

Escondido. 

Agujita. 

El  Menor. 

Lampacitos 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Gross  output 

100-00 

100  00 

100-00 

100  00 

,,      per  month,  in  tons 

15,000 

25,000 

9,000 

15,000 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Loss  in  picking  and  washing       1  "60 

34-00 

230 

9-00 

Colliery  consumption 

3-20 

7'70 

7-00 

5-00 

Disposable  ... 

95-20 

58-30 

90-70 

86-00 

Totals 

100  00 

1C0 -00 

100  00 

100  00 

Cost  per  Ton  Mined:  — 

Underground  labour 

60-74 

48-78 

48-07 

52-68 

Surface  labour 

315 

10  40 

8-17 

7-03 

Tipple  and  washer  labour 

3-60 

9-69 

3-13 

515 

Materials    ... 

13-49 

9-85 

15-62 

18-73 

Mule  and  horse  keep 

113 

2-04 

2-40 

0-77 

Royalties     ... 

3  04 

1-91 

— 

2-06 

Boiler-coal  ...         

2-93 

8-62 

7-21 

4*21 

Sales  commission 

2-70 

0-58 

0-02 

2-34 

Administration 

4-27 

2-50 

3-61^ 

General  charges  (mines)  ... 
,,             ,,        (Mexico) 

I      4-05 

5-63 

9-61  V 
1-20  J 

7  03 

Prospecting  and  drilling  .. 

0-45 

— 

0-48 

— 

Sundries 

0-45 

— 

0-48 

— 

Totals  ...     100-00  100-00  100*00  100-00 

The  total  cost  of  coke-making  per  ton  of  coke  varies  from  3s. 
to  4s.  exclusive  of  the  cost  of  the  coal  coked. 
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Mint  Regulations.     The  enforcement  of  rules  and  regulations 

specially  applicable  to  coal-mines,  corresponding  to  the  Coal 
Mines  Act  in  this  country,  is  conspicuous  by  its  absence,  although 
the  regulations  in  respect  of  metalliferous  mines  are  extensive. 
The  author  has  never  met  with  any  adopted  rules  and  regula- 
tions in  respect  of  coal-mines. 


Markets. - 

as  follows  :- 


-The  prices  realized  in  normal  times  at  the  pit  are 


Sabinas  and  Las  Esperanzas  basin  coke 
Lampacitos  coke 
Escondido  mine-run  coal 

,i  large  ,,         

,,  fines  ,, 

Agujita  and  Rosita  washed  nut-coal 

,,  ,,  ,,         pea-coal 

El  Menor  large  coal    ... 
,,        mine-run  coal... 
Lampacitos  large  coal 

,,  washed  nut-coal 

,,  bean       ,,  ,, 

»,  pea         ,, 


23s.  to  26s. 
19s.  to  22s. 

9s.  to  12s. 
10s.  to  13s. 
10s.  to  lis. 
10s.  to  12s. 
lis.  to  13s. 
10s.  to  lis. 

9s.  to  10s. 

10s.  to  13s. 


The  Palau  mines  are  worked  by  the  National  Railways  of 
Mexico  for  their  own  use,  and  this  coal  is  not  put  on  the  open 
market. 

As  indicated  earlier  in  the  paper,  by  far  the  most  active 
market  is  for  coke.  The  richness  of  Mexico  in  silver,  lead, 
and  copper  is  well  known,  and  there  are  a  large  number  of 
smelters  all  over  the  country  treating  ores  that  contain  these 
metals,  in  addition  to  a  blast-furnace  at  Monterey  smelting  iron. 
Competition  with  native  coke  comes  mainly  from  Pocahontas, 
but  Durham,  South  Wales,  and  German  cokes  also  compete. 
So  far  as  iron-  and  copper-smelters  are  concerned,  competition 
is  mainly  a  question  of  comparative  freight  rates  and  the  lower 
ash-contents  of  foreign  coke.  In  the  case  of  silver-lead 
smelters,  however,  the  greater  density  of  Mexican  coke  militates 
against  its  sole  use,  and  as  a  rule  a  more  porous  foreign  coke 
is  mixed  with  it  to  the  extent  of  20  to  50  per  cent,  of  the  coke 
charge.  The  limits  within  which  Mexican  coke  is  supplied  on 
favourable  terms  and  the  main  smelter  centres  are  shown  in  Fig. 
1  (Plate  IV.).  The  total  consumption  of  coke,  mainly  for  smelt- 
ing purposes,  within  this  area  in  normal  times  is  approximately 
420,000  tons  per  annum,  of  which  about  250,000  tons  are   sup- 
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plied  from  native  and  the  rest  from  foreign  sources.  The  main 
cause  why  a  greater  proportion  of  native  coke  is  not  used  is 
partly  for  the  reasons  already  given,  bul  also  because  more  low- 
ash  washed  fines  suitable  for  coking  cannot  be  produced  without 
throwing  on  to  the  market  a  corresponding  increase  of  higher- 
ash  washed  coal  of  the  larger  sizes,  the  demand  for  which  is 
limited. 

Table  V.  may  be  of  interest  as  showing  the  relative  compo- 
sition of  the  ash  from  German,  Agujita,  and  Lampacitos  cokes. 
These  results  were  obtained  in  the  course  of  an  investigation 
into  the  comparative  efficiencies  of  native  and  foreign  cokes 
by  the  Monterey  Steel  Works:  — 


Tablk  V. 

—Relative  Composition  of  Ash. 

German. 

Agujita. 

Lampacitos. 

per  1,000   kilogrammes 

of  coke,  in  kilogrammes 

...    77-7 

149-3 

169-3 

Per  cent. 

Per  cent. 

Per  cent. 

Silica  (SiO,)       

30-50  (3926) 

88-60  (59  34) 

108-00(63-79) 

Alumina  (Al.jOs) 

6-80    (8-75) 

950    (6-36) 

14-00    (8-27) 

Iron  sesquioxide  (Fe„03) 

25-25  (32-49) 

38-20(25-58) 

26-50(15-65) 

Lime(CaO)        

2-50    (3-22) 

2-50    (1-68) 

7-50    (4-43) 

Magnesia  (MgO) 

3-60    (4-63) 

030    (0-20) 

3-30   (1-95) 

Sulphur  (S)         

8-76(11-27) 

9  00    (602) 

10-00    (5-90) 

Phosphorus  (P) 

— 

— 

0-04    (0-02) 

Totals 77-41  148-10  169-34 

Before  leaving  the  question  of  coke  markets,  some  reference 
to  bye-product  coking  may  be  desirable.  There  are  at  present 
no  bye-product  ovens  in  the  Republic.  The  reasons  for  this  are 
mainly  due  to  the  increased  capital  cost  involved,  as  compared 
with  simple  retort-ovens,  difficulties  in  obtaining  sufficiently 
skilled  labour  and  supervision,  and  uncertainty  as  to  the  market- 
ability of  the  bye-products. 

The  results  available  from  the  limited  tests  made  for  bye- 
products  on  Sabinas  basin  coals  indicate  good  average  sulphate 
and  tar  yields,  which  would  warrant  (extraction  subject  to 
marketability.,  Unfortunately,  the  science  of  agriculture  in  the 
country  has  not  yet,  as  a  whole,  advanced  sufficiently  for  agri- 
culturists to  appreciate  the  value  of  fertilizers  where  there  is 
an  opening  for  them. 

The  quantity  of  sulphate  of  ammonia  imported  into  Mexico 
for  the  years  1912,   1913,  and  1914,  was  as  follows: — 
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19lL> 


1913 


1914 


Great  Britain 
Germany 

Great  Britain 
Germany 

Great  Britain 
Germany 


Tons.      Tons. 

130 
50 

170 
60 

150 


180 


230 


150 


There  is  no  import  duty  on  sulphate  of  ammonia  into  the 
United  States  of  America,  which  consumes  a  large  quantity 
yearly,  mainly  in  the  Southern  States.  The  following  are  the 
figures  of  imports  for  the  last  few  years: — 


Tons. 

Tons. 

1907 

Great  Britain 

— 

25,000 

1908 

,, 

— 

29,060 

1909 

,, 

— 

35,000 

1910 

), 

— 

76,000 

1911 

j  j 

66,000 

i) 

Germany 
Great  Britain 

2,200 

68,200 

1912 

39,300 

>> 

Germany 
Great  Britain 

...      1,000 

40,300 

1913 

37,000 

»  J 

Germany 
Great  Britain 

5,600 

42,600 

1914 

34,300 

(10  months) 

Germany 

6,800 

41,100 

Unfortunately,  the  State  of  Texas,  which  adjoins  Coahuila, 
utilizes  mainly  cotton-seed  meal  and  tankage  as  fertilizers,  of 
which  large  quantities  are  locally  produced  and  thrown  on  the 
market.  The  total  consumption  of  the  State  in  fertilizers  is 
about  50,000  tons  per  annum.  Sulphate  manufactured  in 
Mexico  could  probably  reach  States  further  afield,  but  this 
would  involve  a  heavy  freight  rate  and  corresponding  reduction 
in  price  at  the  point  of  production. 

There  would  be  a  good  demand  for  creosote  in  Mexico  as  a 
railway-sleeper  preservative. 

Until  the  east-coast  oilfields  in  the  States  of  Tamaulipas 
and  Vera  Cruz  were  developed,  the  backbone  of  the  coal-market 
consisted  of  a  demand  for  locomotive  coal  and  the  fuel  required 
for  steaming  purposes  (and,  in  the  case  of  Escondido,  gas- 
producing  purposes)  at  smelters,  mines,  breweries,  cement  works, 
and  works  of  various   descriptions.     The  demand  for  domestic 
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fuel  is  insignificant,  and  ie  largely  supplied  by  wood  locally 
obtained.  In  a  northerly  direction  on  the  Chihuahua  line  New 
Mexico  coal  comes  into  competition,  while  on  the  south  sea-borne 
foreign  coals  and  briquettes  reach  Mexico  City  and  its  neigh- 
bourhood. 

Texas  offers  no  prospects  as  a  market.  There  is  an  import 
duty  of  2s.  a  ton  on  coal  into  the  United  States  of  America,  in 
addition  to  which  it  would  probably  have  to  be  transhipped  into 
Southern  Pacific  railway-wagons  at  the  border;  moreover,  a 
limited  extension  of  the  Escondido  field  outcrop  north  of  the 
Rio  Bravo  furnishes  sufficient  coal  for  the  local  needs  on  that 
side  of  the  river.  The  Southern  Pacific  Railway  burns  oil,  and 
further  afield  the  consumption  of  fuel  is  small,  as  there  are  no 
works  or  industries  of  any  importance  within  a  considerable 
distance. 

The  coal-markets  are,  therefore,  mainly  confined  to  the 
same  area  as  the  coke;  but  for  special  purposes  they  have  a  ten- 
dency to  extend  further  south,  and  a  good  deal  of  native  coal 
finds  its  way  to  Mexico  City  and  the  neighbourhood.  The  ad- 
vent of  oil  permanently  in  large  quantities  completely  upset 
the  coal-market.  Native  washed  nut  or  pea-coal  cost  in  Mon- 
terey, for  instance,  about  20s.  a  ton,  of  which  8s.  was  for  rail- 
way freight.  This  coal  had  to  compete  with  oil  costing  4s.  a 
barrel,  of  which  2s.  was  railway  freight :  four  barrels  of  Mexican 
oil  were  found  equivalent  in  heating  value  to  1  ton  of  native 
coal ;  so  that  the  relative  cost  for  the  same  heating  value  was 
20s.  to  16s.  in  favour  of  oil,  apart  from  relative  costs  of 
stoking.  Per  ton  the  relative  heating  values  are  taken  at  about 
20  to  13  in  favour  of  oil.  Prior  to  the  events  which  led  up  to 
the  stoppage  of  practically  all  the  coal-mines,  the  oil  competi- 
tion appeared  to  be  getting  less  acute,  although  to  what  extent 
this  was  due  to  preferential  freight  rates  in  favour  of  coal,  or  to 
the  fact  that  all  the  oil  available  could  be  exported  by  sea  at 
more  favourable  prices,  the  writer  is  not  sufficiently  informed 
to  state. 

The  Mexican  oilfields  occur  in  the  coastal  plain  along  the 
Gulf  of  Mexico.  The  port  of  Tampico  is  the  most  central 
point  in  this  district,  and  the  distributing  locality  for  the  oil- 
region.  Most  of  the  oils  produced  are  heavy  and  more  par- 
ticularly adapted  for  use  as  fuel,  although  valuable  products  are 
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also   obtained   by   refining.      Tbe   following1   shows   the   general 
characteristics  of  the  leading  varieties  of  Mexican  crude  oil : — 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

Specific  gravity 

0-927 

0910 

0-816 

0-939 

0-910 

0-783 

Flash-point  (closed) 

60°F. 

55°F. 

58°F. 

80°F. 

50°F. 

Below  10°  F. 

Viscosity  at 

I 
J 

100=  Fahr. 

525s. 

150s. 

25s. 

900s. 

500s. 

Very  thin. 

(Redwood) 

Setting-point 

OF. 

30°F. 

0DF. 

— 

30°F. 

Very  low. 

Colour 

Black. 

Black- 

Green- 

Nearly 

Brown- 

Orange,  with 

brown. 

brown. 

black. 

black. 

green  fluor- 
escence. 

The  annual  production  is  as  stated  in  Table  I. 
There  is  no  import  duty  on  coal,  coke,   or  sulphate  of  am- 
monia brought  into  Mexico. 

Labour. — Mexican  labour  is  mainly  employed.  When  condi- 
tions are  normal  in  the  country,  however,  there  is  a  tendency 
to  shortage.  Several  mines  employ  a  considerable  proportion 
of  Japanese.  Chinese  were  imported  at  one  mine  on  a  consider- 
able scale,  but  gave  poor  results,  and  their  metier  in  this 
coalfield  appears  to  be  confined  almost  wholly  to  hotel-keeping, 
of  which  they  have  practically  a  monopoly. 

The  Mexicans,  on  the  whole,  make  very  fair  coal-miners 
under  proper  supervision.  In  whole  workings  they  keep  much 
tidier  and  cleaner  places  than  the  Japanese,  who  are  very 
slovenly  in  this  respect.  In  taking  out  pillars,  however,  as 
already  noted,  the  Japanese  produce  better  results. 

Miners  in  the  metalliferous  mines  farther  south  earn  from 
Is.  to  Is.  6d.  per  day,  while  a  good  hewer  earns  from  4s.  to 
7s.  per  day  in  this  coalfield.  Its  proximity  to  the  United  States 
border,  near  which  wages  are  always  higher  than  in  the  interior, 
to  some  extent  explains  this :  but  a  further  cause  is  the  con- 
flicting interests  and  varied  nationalities  controlling  the  different 
mines  in  the  coalfield,  and  the  consequent  independent  corn- 
petition  for  labour  whenever  there  is  a  scarcity,  which  con- 
tinually tends  to  raise  the  wage  rate.  The  ultimate  result 
is  that  it  is  difficult  to  get  more  than  four  full  days'  work  in  the 
week  out  of  the  men,  and  full  benefit  is  not  obtained  from  the 
limited  labour  available. 

The  rates  of  pay  for  the  main  classes  of  work  other  than 
hewing  are  as  follows :  — 
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Mechanics 

SlRKACE. 

Per  day. 
3s.  to  6s. 

Carpenters 
Engine-drivers 

4s.  6d.  and  5s 
3s.  6d.  to  5s. 

Stokers 

3s.  to  4s. 

Blacksmiths  ... 

4s.  6d.  and  6s. 

Labourers 

2s.  to  3s.  6d. 

Overmen 

1  M.KKOROUND. 

Per  day. 
8s. 

Ventilation  and 

gasmen 

5s.  and  6s. 

Mule  drivers  an 

d  helpers  tip 

3s.  to  4s. 

Ropemen 

4s.  6d.  and  5s 

Roadmen 

3s.  and  5s. 

Timhermen     ... 

5s.  and  6s. 

Labourers 

3s. 

Pumpmen 

2s.  6d. 

Fig.  17. — Agujita  Mining  Camp,  showing  Adobe  and  Wooden  House.s. 


The  men  and  their  families  are  housed  by  the  company  in 
wooden  or  adobe  houses.  The  former  consist  of  lightly-built 
huts  with  plank  sides,  shingle  roof,  and  brick  chimney,  of 
one,  two,  or  occasionally  three  rooms.  The  better  houses  have 
plank  floors.  These  houses  cost  anything  from  £15  to  £30 
each,  according  to  their  size,  and  possess  the  advantage  that 
when  a  mine  is  finished  they  can,  if  required,  be  moved  bodily 
by  trolley  or  rail  to  another  mining  camp.  The  adobe  houses 
are  constructed  of  bricks  cut  out  in  suitable  shapes  from  the 
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adobe  soil  and  sun-dried,  the  walls  being  subsequently  plas- 
tered. They  are  much  more  solid  and  weather-proof  than 
the  wooden  houses,  but  cost  more  to  construct  and  are  immov- 
able. Offices,  officials'  houses,  store,  and  engine-houses  are 
also  usually  constructed  of  the  same  material.  Fig.  17  shows 
some  wooden  and  adobe  houses  at  the  Agujita  mining  camp. 

On  the  average  the  cost  of  housing  per  workman  employed 
amounts  to  £10 — £15,  and  deductions  from  wages  are  made  to 
pay  for  this  within  a  reasonable  period. 

The  Mexicans  are  very  musical,  and  there  are  usually  one 
or  more  bands  in  every  camp ;  other  of  the  more  distinctive 
forms  of  relaxation  and  amusement  consist  of  bull-fights,  cock- 
fights, and  travelling. 

Some  of  the  larger  mining  camps  have  their  own  bull-ring, 
but  the  speculative  character  of  bull-fight  finance  renders  local 
performances  infrequent.  Cock-fights  are  very  popular,  and 
Mexicans  of  the  lower  order  appear  to  have  an  insatiable  crav- 
ing for  travel,  however  objectless.  The  cheaper  class  compart- 
ments in  trains  are  always  packed,  while  on  Sundays  and  feast 
days  the  bigger  stations  are  rendered  almost  impassable  by 
crowds  of  the  admiring  and  less  fortunate  inhabitants  of  the 
immediate  locality. 

Effects  of  the  Revolutions  and  General  Conclusions. — It  is 
somewhat  difficult  to  foresee  the  immediate  future  of  this  coal- 
field. An  immense  amount  of  damage  has  been  done  to  the 
surface  plant  in  many  cases  (Figs.  18  to  23),  while  the  under- 
ground workings  will  also  be  expensive  to  reopen.  In  a  number 
of  cases  the  owners  or  part  owners  of  the  mines  have  been  badly 
hit,  and  the  railway  systems  and  rolling  stock  available  are 
largely  disorganized  and  damaged. 

Apart  from  this,  however,  there  will  be  no  satisfactory  out- 
let for  other  than  a  limited  production  until  the  country  settles 
down  and  the  mines  and  smelters  resume  work  on  a  normal 
scale.  In  the  writer's  opinion  the  coalfield  as  a  whole  has 
great  possibilities  under  a  permanently  settled  government. 
Geographically,  it  is  inconveniently  placed  at  the  extreme  north 
of  the  Republic,  a  long  distance  from  a  seaport,  and  with  no 
outlet  for  its  products  to  the  north,  while  on  the  south  the  cost 
of  railway  carriage  beyond  a  certain  limit  is  the  dominant  fac- 
tor.    On  the  other  hand,  it  is  the  only  known  coalfield  in  the 
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Republic   which   has  been  proved  to  justify  development   on  a 
commercial   scale. 

The   native  oil-production,    unless   wholly   and   permanently 


Fig.   IS.  —  Agcjita  Tipping  and  Washing  Plant. 


Fig.  19. — Lampacitos  Power-station, 


deflected  to  export  channels,  is  bound  to  figure  as  a  constant 
menace  to  the  coal  market,  and  will  affect  the  price  if  not  the 
quantity  sold.     This  feature,  however,  may  only  seriously  affect 
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districts  which  produce  non-coking  coal,  these  being  very  limited. 
The  excellent  market  under  normal  conditions  for  native  coke 
should    enable    coking    collieries    employing    modern    washing 


'Jr'^' 


Fig.  -20. — Rotary  Tipple  at  No.  2  Mine,  Lampacitos. 


Fig.  2J. — Remains  of  Manager's  Residence  at  Lampacitos. 

and  coking  methods  (and  thereby,  if  necessary,  throwing  the 
minimum  quantity  of  coal  on  the  market),  to  do  very  well.  It 
may  even  be  found  possible  and  desirable,  as  the  country  de- 
velops, to  utilize  the  balance  of  the  output,  after  extracting  the 
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coking  coal,  in  generating:  electrical  power  at  the  mines  and 
distributing-  the  same  at  a  high  voltage  and  over  long-distance 
cables  to  the  main  consuming  centres. 


Fig.  22.  —  Lampacitos  Mining  Camp. 


Fio.  23.— Lampacitos  Washer  (see  Fig.   14). 

The  reserves  of  coal  in  the  field  at  the  normal  rate  of  output 
are  ample,  and  at  the  present  depths  the  conditions  are  favour- 
able for  economic  working.  At  the  same  time,  the  deeper 
winnings  in  the  Sabinas  basin  up  to  date  indicate  that  firedamp 
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occurs  profusely  in  the  seam  in  depth,  and  the  cost  per  ton 
will  increase  in  the  future  in  order  to  provide  for  more  adequate 
ventilation  and  probably  stone-dusting.  The  difficulties  under 
which  the  field  has  laboured  in  the  past  are,  in  the  writer's 
opinion,  more  artificial  than  natural.  Want  of  cohesion  amongst 
the  various  owners,  as  already  noted,  complicated  the  labour 
problem.  The  selling  price  of  the  coal  and  coke,  which  might 
have  been  expected  to  suffer,  due  to  independent  undercutting 
from  the  same  cause,  only  did  so  to  a  limited  extent,  thanks 
mainly  to  the  existence  of  an  independent  selling  agency,  which 
maintained  the  confidence  and  kept  up  the  selling  prices  of 
the  majority  of  the  working  collieries  with  considerable  tact 
and  ability.  While  a  number  of  the  collieries  made  very  satis- 
factory returns  on  the  capital  actually  expended  on  developing 
and  equipping  them,  they  were  almost  all  over-capitalized. 
The  chief  technical  management  at  the  collieries  was  often  very 
good,  but  there  was  as  a  rule  too  much  dual  administrative  con- 
trol to  enable  one  to  take  full  advantage  of  it,  while  the 
variety  of  nationalities  employed  in  the  administrations  individu- 
ally and  collectively  did  not  tend  to  simplify  matters. 

With  regard  to  the  general  lay-out  of  the  collieries  and 
their  equipment,  in  the  writer's  opinion,  considering  the  com- 
paratively recent  development  of  coal-mining  in  Mexico,  iew 
mistakes  were  made.  The  system  of  working,  while  possibly 
not  the  best,  was  simple  and  adapted  to  the  labour  available, 
which  had  had  no  previous  experience  of  coal-mining.  A  more 
scientific  and  thorough  examination  of  the  coal  and  its 
physical  and  chemical  characteristics,  prior  to  the  expenditure 
of  large  sums  in  treating  and  washing  plants,  would  probably 
have  saved  a  great  deal  of  money  which  has  since  been  expended 
on  replacements  and  modifications  of  the  original  designs. 

The  benefits  to  be  derived  from  coking  were  early  appre- 
ciated; but,  although  coking  at  the  majority  of  collieries  was 
initiated  comparatively  recently,  bee-hive  ovens  only  were  in 
use  prior  to  1910,  and  at  least  90  per  cent,  of  these  allowed 
their  waste-heat  to  escape  into  the  atmosphere  despite  the  fact 
that  coal  capable  of  being  rendered  marketable  was  burnt  under 
boilers  within  a  few  hundred  feet  of  them. 

The  installation  of  retort  coke-ovens,  supplementing  and  in 
some  cases  replacing  bee-hive  ovens,  has  not  in  all  cases  been 
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an  unqualified  success,  although  in  the  writer's  opinion  the 
cause  of  this  is  to  be  found  more  in  the  unsuitability  of  any 
particular  retort-oven  design  for  the  coal  than  in  the  unsuit- 
ability of  the  coal  for  retort-oven  coking.  The  re-development 
of  the  coalfield  should  provide  a  good  opening  for  simple  retort 
and  possibly  bye-product  retort-ovens. 

The  standard  type  of  boiler  almost  exclusively  employed 
throughout  the  field  has  given  poor  efficiency  and  played  a  large 
part  in  the  current  repairs  cost,  and  either  the  present  type  of 
boiler  provided  with  water-softening  plants  or  the  adoption  of 
a  different  type  of  boiler  would,  in  the  writer's  opinion,  have 
been   an  improvement. 

The  employment  of  various  nationalities  in  the  different 
administrations  working  under  similar  conditions  was  instruc- 
tive. If  the  writer  were  asked,  on  the  strength  of  his  experi- 
ence in  this  coalfield,  what  work  he  would  allocate  specially  to 
individual  members  of  a  technical  staff  drawn  from  the  three 
greatest  coal-producing  nations  in  the  world,  his  reply  would  be 
that  if  possible  Americans  should  have  charge  of  underground 
tracks,  British  of  ventilation  arrangements,  and  Germans  of 
washing  and  coking  plant. 


Mr.  Edward  Halse  (Twickenham)  wrote  congratulating  Mr. 
Forster  Brown  on  his  paper,  which  was  the  best  and  most 
detailed  account  of  the  coal  and  collieries  of  Coahuila  that  had 
yel  appeared  in  the  English  language;  especially  in  regard  to 
the  plant  used,  the  methods  of  working  the  coal,  and  its 
mechanical  preparation. 

Table  I.  had  evidently  been  compiled  from  trustworthy 
sources,  but  he  was  surprised  to  learn  that  the  approximate 
total  coal-consumption  in  Mexico  was  under  2,000,000  tons  in 
1911,  as  in  the  Mexican  Year  Book  of  1909-1910  it  was  stated  to 
be  as  much  as  4,500,000  tons— presumably  per  annum;  and 
when  the  number  of  large  smelting  and  other  industrial  plants 
that  were  running  before  the  commencement  of  the  disastrous 
revolution  were  taken  into  consideration,  the  latter  figures  did 
not  appear  to  be  excessive. 

Under  the  heading  of  geology,  Mr.  Forster  Brown  had  stated 
that  "  hue  fault-throws  are  not  common,  and  in  this  respect  the 
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field  is  remarkably  regular."  On  the  other  hand  Mr.  Edwin 
Ludlow*  had  asserted  that  the  Sabinas  basin  "  ie  much  broken 
up  by  faults,  especially  in  the  upper  part  of  the  basin  where 
there  are  considerable  areas  rendered  valueless  by  faults"; 
while  in  Las  Esperanzas  basin  "  the  faults  are  not  so  exten- 
sive and  the  dislocations  so  great"  as  in  Sabinas.  Having  no 
personal  knowledge  of  the  coalfields,  the  writer  was  unable  to 
reconcile  the  two  statements  It  might  be  that  faults  were 
numerous,  but  the  "throws"  or  vertical  displacements  com- 
paratively few  and  unimportant. 

The  quantify  of  ash  shown  in  Table  II.  was  somewhat  sur- 
prising, seeing  that  Mr.  Ludlow  had  given  the  following 
analysis  of  Sabinas  coal  : — Volatile  matter,  21'20  per  cent., 
carbon,  6420;  ash,  14'60.  It  was  only  fair,  however,  to 
mention  that  this  analysis  was  not  given  as  an  average  or  repre- 
sentative one. 

Again,  Mr.  Forster  Brown  had  stated  that  "except  for  Spain 
and  Chile,  there  are  practically  no  working  coalfields  of  any 
importance  in  Spanish-speaking  countries."  He  (Mr.  Halse) 
must  demur  to  that  statement.  Important  coalfields  occur 
in  the  Argentine  Republic,  and,  it  might  be  added,  in  Brazil, 
of  Permo-Carboniferous  age,  and  comparable  in  that  respect  with 
the  principal  coals  of  South  Africa,  Australia,  and  India.  Brazil, 
of  course,  was  not  a  Spanish-speaking  country,  but  it  might  be 
of  interest  to  note  that  the  Carboniferous  formations  in  that 
Republic  stretched  from  the  south  of  the  State  of  Sao  Paulo  to 
Rio  Grande  do  Sul.  In  Peru  the  mines  of  Goyllarisquizga  and 
Quishuarcaneha  supplied  the  Cerro  de  Pasco  Railway,  and  the 
important  copper-smelting  works  of  Tinyahuarco  (the  annual 
output  varied  from  250,000  to  upwards  of  300,000  metric  tons). 
Several  large  basins  of  anthracite  occur  in  various  depart- 
ments in  Peru.  Some  of  these  could  not  yet  be  worked  for  lack 
of  transport  facilities,  but  the  anthracite  of  Huayday  (Otuzco), 
being  of  excellent  quality  and  not  far  from  the  coast,  would 
probably  be  mined  on  a  large  scale  in  the  near  future.  A  large 
basin  of  bituminous  coal  of  Carbouiferous  age  was  said  to  occur 

*  "  The  Coalfields  of  Las  Esperanzas,  Coahuila,  Mexico,"  by  Edwin  Ludlow, 
Transactions  of  the  American  Institute  of  Mini?) g  Engineers,  1901,  vol.  xxxii.,  page 
140  ;  "  The  Coal  Industry  in  Mexico,"  by  Edwin  Ludlow,  Engineering  and 
Mining  Journal,  1909,  vol.  lxxxviii.,  page  661.  The  quotations  given  are  from  an 
abstract  in  the  Mexican  Year  Book,  1909-1910,  page  489. 
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in  the  Peninsula  of  Paracas  (Peru).  Good  coal  was  being  mined 
in  Uruguay:  important  coalfields  were  stated  to  occur  in 
Ecuador,  and  in  Colombia:  while  in  the  latter  country  coal  bad 
been  worked  for  many  years  at  Titiribi  (Antioquia),  for  supply- 
ing the  Zancudo  silver-lead  smelting- works. 

Mr.  Forster  Brown's  remarks  about  "  bony  "  coal  and  "bone" 
were  interesting.  The  term  "bone"  was,  no  doubt,  introduced 
by  American  coal-miners.  In  the  United  States  of  America  it 
was  applied  to  "  the  slaty  matter  intercalated  in  coal-seams."* 
Mr.  \V.  S.  Gresleyt  had  given  it  as  a  Pennsylvanian  term  mean- 
ing "  hard,  slaty,  carbonaceous  beds  of  rock."  In  Peru  the 
word  had  been  translated  into  Spanish,  hueso,  and  was  applied 
by  the  Peruvian  miners  to  "  argillaceous  intercalations  in 
coal-seams."*  It  was  an  interesting  example  of  the  migration 
of  a  purely  local  term. 

The  Rio  Escondido  Seam,  described  in  the  text  and  shown 
in  Fig.  6  (Plate  V.),  evidently  belonged  to  what  Mr.  Ludlow  bad 
described  as  the  "  Fuente  basin,"  which  was  a  small  one  lying 
parallel  to  the  coal-deposit  worked  at  Eagle  Pass  and  Laredo 
(U.S.A.).  Before  the  revolution  it  was  mined  by  the  Fuente 
Coal  Company,  which  was  allied  to  the  Mexican  International 
Railway.  Mr.  Ludlow  had  stated  that  "  the  high  proportion 
of  volatile  matter  gives  the  Fuente  coal  a  special  value  for  roast- 
ing and  gas  manufacture,  and  it  contains  at  the  same  time 
sufficient  carbon  for  steam  generation." 

Mr.  Mark  Ford  (Washington)  proposed  a  vote  of  thanks  to 
Mr.  Brown  for  his  paper. 

Mr.  F.  H.  Wynne  (H.M.  Inspector  of  Mines,  Durham) 
seconded  the  resolution,  which  was  unanimously  carried. 


A  visual  mechanical  mine-signalling  apparatus  was  exhibited, 
described,  and  demonstrated  by  The  Grange  Iron  Company, 
Limited. 


*  A  Glossary  of  Mining  and  Metallurgical  Terms,  by  R.  W.  Raymond,  1881. 

+  A  Glossary  of  Terms  Used  in  Coal-minivg,  by  William  Stukeley  Gresley,  1883. 

X  A  Dictionary  of  Spanish  and  Spanish- American  Mining,  Metallurgical,  and 
Allied  Terms,  to  which  some  Portuguese  and  Portuguese-American  [Brazilian)  Terms 
are  Added,  by  Edward  Halse,  second  edition,  1914. 
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THE  NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND 
MECHANICAL  ENGINEERS. 


GENERAL  MEETING, 

Hkld  in  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 

June  19th,  1915. 

Mr.  T.  Y.  GREENER,  President,  in  the  Chair. 


The  Assistant  Secretary  read  the  minutes  of  the  last 
General  Meeting,  and  reported  the  proceedings  of  the  Council  at 
their  meetings  on  May  29th  and  that  day. 


The  Assistant  Secretary  read  the  balloting  list  for  the  elec- 
tion of  officers  for  the  year  1915-1916. 


The    following    gentlemen    were    elected,    having    been   pre- 
viously nominated :  — 

Members — 
Mr.  William  Ernest  Avery,  Assistant  Colliery  Manager,  Toft  Hill  Cottage, 

Birtley,  County  Durham. 
Mr.  Edmund  Gray,  Diamond  Drilling  Contractor,  Swarland  Colliery,  Feltonr 
Northumberland. 

Associate  Member — 
Mr.  Allan  Cordner,  Neville  Hall,  Newcastle-upon-Tyne. 

Subscribers — 
Messrs.   The     Sterling     Telephone     &     Electric     Company,     Limited, 
42,  Westgate  Road,  Newcastle-upon-Tyne. 


DISCISSION  OF  MB.  JAMES  ASHWORTH'S  PAPER  ON 
•THE  KILLINGWORTH  COLLIERY  (NEW  SOUTH 
WALES)  EXPLOSION."* 

Mr.  James  Ashworth  (Vancouver,  British  Columbia)  wrote, 
in  reply  to  the  remarks  of  Sir  Henry  Hall  and  Mr.  E.  0. 
Simcock,  that  he  would  have  been   pleased  if  these   gentlemen 

*  Trans.  Inst.  M.  E.,  1914,  vol.  xlviii.,  page  348  ;  and  1915,  vol.  xlix.,  page  99. 
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and  others  who  had  discussed  the  origin  of  the  explosion  had 
drawn  their  conclusions  by  comparing  its  effects  with  those  of 
other  explosions  where  the  point  of  origin  had  been  indicated 
with  more  certainty.  He  had  suggested  this  in  his  (Mr. 
A-h\vonhV)  paper  when  referring  to  the  Senghenydd  disaster. 

The  effects  demonstrated  at  Killingworth  appeared  to  have 
convinced  everyone  that  the  force  had  developed  as  the  explosion 
radiated  from  the  pit-bottom.  The  solution,  therefore,  was  to 
be  found  in  an  enquiry  which  would  decide  whether  the  explo- 
sion had  originated  at  the  top  of  the  downcast  shaft,  or  some- 
where near  the  downcast  pit-bottom.  If  it  were  assumed  that 
it  did  originate  at  the  latter  point,  then  (judging  from  what  had 
been  demonstrated  in  the  case  of  other  explosions),  was  it  possible 
for  the  force  of  the  explosion  to  blow  up  and  wreck  the  tunnel 
from  the  top  of  the  upcast  shaft  to  the  fan,  as  well  as  the  arching 
of  the  fan-casing,  in  the  way  in  which  it, was  wrecked,  particu- 
larly when  the  damage  to  the  covering  of  the  pit-top  and  the 
headgear  was  apparently  not  so  severe? 

Whether  or  not  the  explosion  originated  at  the  foot  of  or 
near  either  of  the  shafts,  it  appeared  to  have  been  demonstrated 
that  there  was  an  explosion  in  the  fan  and  in  the  fan-tunnel. 
The  engineer  was  scared  by  the  bricks  flying  around  before  he 
saw  the  materials  blown  up  the  downcast  shaft,  and  it  was  such 
Bmall  facts  as  these  which  led  him  (the  writer)  to  the  conclusion 
that  the  point  of  origin  was  in  or  near  the  upcast  shaft.  The 
only  reason  that  would  cause  him  to  modify  this  opinion  was  the 
application  of  Mr.  W.  A.  Douglas  Kudge's  theory,  which  might 
make  the  cut-through  at  No.  5  (Plate  VIII.,  Vol.  XLVIII.) 
between  the  two  shafts  the  point  of  origin. 

Now j  it  was  very  noticeable  that,  if  it  were  assumed  that  the 
Killingworth  explosion  originated  at  about  the  point  (5),  and 
that  the  Senghenydd  explosion  originated  at  the  lamp-cabin 
(that  is,  both  near  the  bottom  of  the  shafts),  the  effects  and 
direction  of  forces  were  entirely  different.  The  Senghenydd 
explosion  did  not  spread  into  the  eastern  side  of  the  workings, 
and  of  the  two  mines  it  was  probable  that  Senghenydd  was  the 
more  fiery. 

He  (Mr.  Ashworth)  had  never  suggested  that  the  effects  of 
the  Killingworth  explosion  were  demonstrated  simultaneously 
at  the  top  of  both  the  downcast  and  the  upcast  shafts,  but  had 


334      DISCUSSION THE     KILLIXGWORTH     COLLIERY    EXPLOSION. 

thought  (and  still  was  of  opinion)  that  the  first  evidence  of  force 
on  the  surface  was  at  the  upcast,  wli3re  the  bricks  which  were 
blown  about  caused  the  engineer  to  think  that  there  had  been 
a  boiler  explosion.  It  was  this  which  scared  the  engineer,  and 
not  the  rush  of  smoke,  dust,  and  materials,  which  lasted  at  least 
five  minutes  at  the  downcast  shaft. 

Under  these  conditions,  and  noting  also  what  Mr.  Simcock 
had  observed,  namely,  that  there  was  no  evidence  of  smoke 
and  dust,  coming  out  of  the  upcast  shaft  at  the  same  time  as  they 
were  being  ejected  from  the  downcast,  the  writer  was  forced  to 
the  conclusion  that  the  upcast  was  at  the  time  acting  as  the 
downcast,  and  that  the  air  was  reversed  in  the  shaft,  but  not  in 
the  workings. 

If  ignition  was  caused  at  the  point  (5),  between  the  two  shafts, 
by  an  electrical  spark  caused  by  dust  and  air  forced  through  the 
cut-through,  even  then  it  was  not  likely  tkait  the  forces  would 
reach  the  surface  simultaneously ;  but  they  might  do  so  if  the 
force  was  developed  inside  the  workings,  as  at  Senghenydd. 

Mr.  Simcock  had  stated  that  he  was  not  aware  of  any  colliery 
explosion  having  originated  outside  a  mine,  and,  therefore,  the 
most  recent  case  might  be  referred  to,  namely,  that  of  the  B  Mine 
of  the  Coal  Creek  Colliery  of  the  Crow's  Nest  Pass  Coal  Company, 
Limited  (British  Columbia),  which  exploded  when  no  one  was 
inside  the  mine,  and  up  to  the  present  was  supposed  to  have 
originated  from  the  fan,  which  was  electrically  driven.  A 
Special  Commission  had  been  appointed  to  enquire  into  this 
explosion,  and  therefore  the  suggestion  that  the  explosion 
originated  at  the  fan  must  be  taken  as  a  suggestion  only.  This 
explosion  might  bring  out  facts  useful  to  a  student  of  the 
Killingworth  explosion. 

He  (Mr.  Ashworth)  preferred  the  expression  "  air-percussion  " 
to  "compression"  or  "concussion,"  the  air-percussion  repre- 
senting the  effect  of  sudden  and  violent  air-compression, 
such  as  would  ignite  tinder  in  a  small  cylinder  when  the  piston 
was  violently  pushed  down.*  Again,  a  sudden  speeding-up  of 
air-compressing  engines  had  had  the  same  effect,  as  was  borne 
out  by  the  reports  on  the  explosions  about  31  years  ago  at  Clifton 
Colliery,  Nottinghamshire.     The  details  of  the  explosion  at  the 

*  See  in  this  connexion  some  of  the  writer's  previous  papers,  and  the  late 
Mr.  Joseph  Dickinson's  report  on  the  Udston  Colliery  Explosion  in  1887. 
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Maindy  Pit  in  189G  were  useful  for  reference  in  connexion  with 
the  air-percussion  theory.  Mr.  A.  A.  Atkinson  had  also  found 
many  indications  of  heat  at  Killingworth  which  could  only  be 
attributed  to  the  effects  of  air-percussion. 

There  still  remained  another  reasonable  explanation  of  the 
Killingworth  ignition,  namely,  the  ignition  of  an  explosive  mix- 
ture of  firedamp  and  air  at  a  signal-bell  (say,  in  the  electric 
haulage-house),  supposing  that  the  signal-wires  were  brought 
into  contact  by  a  fall  of  roof,  and  thus  ignited  gas  brought  down 
by  the  same  fall.  If  the  signal-wires  continued  to  be  in  contact, 
as  they  might  have  been  for  some  seconds  or  longer,  the  bell 
would  continue  to  produce  sparks,  and  would,  as  proved  by 
recent  experiments  carried  out  by  Dr.  W.  M.  Thornton  and 
others,  be  a  distinct  danger. 

In  conclusion,  it  would  seem  to  the  writer  to  be  absolutely 
proved  that  the  gas  which  was  first  ignited  had  its  origin  some- 
where near  the  bottom  of  the  upcast  shaft,  that  it  was  fired  either 
at  the  fan  or  by  some  agency  near  the  pit-bottom,  and,  if  the 
Douglas  Radge  theory  did  not  agree  with  the  conditions,  that  its 
origin  must  then  be  placed  at  an  electric  ssignal-bell. 

With  reference  to  Mr  Simcock's  note  on  the  pressure  exerted 
by  explosions  at  Altofts  and  by  the  experiments  of  the  Home 
Office  Explosions  in  Mines  Committee  at  Eskmeals,  the  writer 
would  ask  Mr.  Simcock  to  explain  the  effects  of  Altofts  No.  25 
experiment,  of  Lievin  No.  287,  and  the  bursting  of  the  3-foot 
gallery  in  four  separate  places  simultaneously  at  Eskmeals. 


DISCUSSION  OF  MR.  SAMUEL  DEAN'S  PAPER  ON 
"COAL-MINING  IN  THE  STATE  OF  PENNSYL- 
VANIA,  UNITED   STATES  OF   AMERICA."* 

Mr.  Joseph  A.  Jeffrey  (Columbus,  Ohio)  wrote  that  the 
statement  with  respect  to  the  cut  of  the  "Arcwall"  top-cutting 
machine  on  pages  122  and  123  of  Vol.  XLIX.  was  incorrect. 
What  he  intended  to  state  was  that  this  machine  had  been 
known  to  cut  as  high  as  eighteen  20-foot  places,  meaning 
eighteen  places  each  20  feet  in  width. 

*  Trans.  Inst.  M.  E.,  1914,  vol.  xlviii.,  page  367  ;  and  1915,  vol.  xlix.,  page  108. 
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Mr.  Eugene  B.  Wilson  (S'cranton)  wrote  that  Mr.  Dean  had 
covered  the  field  of  anthracite-mining  so  generally  that  there 
was  little  to  add  except  details  in  working  and  preparation,  and 
as  hoth  of  these  were  large  subjects  in  themselves,  he  would  not 
attempt  to  deal  with  them. 

In  Aiew  of  the  fact  that  the  geology  of  anthracite  had  not 
been  explained  for  many  years,  it  was  possible  that  this  explana- 
tion, as  an  addendum  to  Mr.  Dean's  paper,  would  add  to  its  use- 
fulness, particularly  as  it  was  geology  that  applied  to  but  one 
State  in  the  whole  of  the  United  States  of  America. 

The  anthracite-fields  in  North-Eastern  Pennsylvania  had 
been  divided  by  geologists  into  four  districts,  but  in  each  district 
there  might  be  several  coal-basins  that  had  received  local 
names — for  instance,  the  Hazleton  basin,  which  was  in  the 
Eastern  Middle  field,  and  the  Mahoney  basin  in  the  Western 
Middle  Field. 

Owing  to  erosion,  the  number  of  coal-beds  varied  not  only 
in  the  same  district,  but  in  the  different  districts.  The  quality 
of  the  coal  in  the  same  bed  also  differed,  being  in  one  locality 
better  than  in  another.  All  the  rocks  in  the  anthracite-fields 
were  metamorphosed.  The  sandstones,  where  not  exposed  to 
the  weather,  were  bluish,  with  coarse  grains  of  quartz  cemented 
by  quartz  solutions.  The  shales  were  dark  and  almost  as  hard 
as  argillite  or  true  slate,  which  they  closely  resembled,  although 
containing  a  higher  percentage  of  carbon.  The  fireclay  beneath 
the  coal  had  been  converted  into  a  kind  of  weak  slate,  which 
showed  no  laminations  as  a  rule,  but  weathered  like  a  slate. 

The  lowest  rock  of  the  Anthracite  Measures  was  the  Potts- 
ville  Conglomerate,  and  below  this  was  the  sub-Carboniferous 
or  Mauch  Chunk  Red  Shale,  and  below  this  again,  the  Potsdam 
Sandstone,  the  formation  next  above  the  Devonian.  European 
geologists,  when  visiting  these  anthracite-fields,  usually  enquired 
for  the  sub-Car honiferous  Limestone.  There  was  none,  the 
Mauch  Chunk  Red  Shale  and  Pocono  Sandstone  occupying  its 
place. 

The  Pocono  Sandstone  attained  in  places  a  thickness  of  1,400 
feet,  and  the  Mauch  Chunk  Red  Shale  a  thickness  of  2,000  feet. 
The  sub-Carboniferous  Limestone  began  in  South-Western 
Pennsylvania,  and  in  West  Virginia  it  attained  a  thickness  of 
2,000    feet.     It    was    known    as    the    "Mississippi    Limestone" 
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further  west.  In  Southern  Illinois  and  Western  Kentucky  thick 
limestone-beds  (not  sub-Carboniferous)  occurred  between  the 
coal-beds,  and  as  these  rocks  were  tough  and  strong,  a  large 
quantity  of  coal  was  left  in  pillars  to  support  the  roofs.  The 
Pottsville  Conglomerate  was  mil  always  barren.  In  the  Southern 
anthracite-field  the  Lykens  coal-beds  were  to  be  found.  These 
beds  were  probably  the  best  of  the  coals  in  the  a  nt  h  racite-fields, 
although  they  were  sein i-anthracitic — that  is,  they  contained 
less  than  12  per  cent,  of  volatile  hydrocarbons.  The  small 
Bernice  basin  of  semi-ant  hracitic  coal  occurred  to  the  north  of 
the  Northern  anthracite-field. 

In  the  Pocahontas  coalfield  of  West  Virginia  the  Pottsville 
Formation  contained  two  beds  of  excellent  semi-bituminous 
coal — that  is,  coal  which  did  not  exceed  20  per  cent,  of  volatile 
hydrocarbons.  At  Stearns  (Kentucky),  near  the  Tennessee  boun- 
dary, the  Lee  Conglomerate  contained  two  excellent  beds  of  coal, 
which  were  peculiar  in  that  they  changed  from  block  coal  to 
cannel  coal  and  ba<  k  again  to  block  coal  in  short  distances. 
While  there  were  many  other  excellent  coals  in  the  United 
States,  it  Mas  probable  that  the  highest  grades  of  coal  were  in 
the  Pottsville  Conglomerate. 

In  appearance  the  anthracite  conglomerate  approached  the 
South-African  "  banket "  of  the  Transvaal.  It  was  composed 
of  rounded  whitish  quartz-pebbles  that  had  teen  cemented 
together  by  quartz  solutions.  With  the  exception  of  the 
anthracite-fields  and  the  Stearns  (Kentucky)  field,  the  Pottsville 
Conglomerate  was  composed  of  small  angular  pieces  of  quartz, 
and  was  known  as  "Millstone  (frit." 

The  anthracite  basins  were  long,  narrow,  and  canoe-shaped, 
with  outcrops  of  coal  on  both  sides  of  the  usually  narrow  valleys. 
A  little  more  than  half  of  the  northern  district  was  in  the 
Lackawanna  Valley,  which  was  comparatively  broad,  so  that 
the  coal-beds  were  in  places  nearly  horizontal  in  the  centre  of 
the  basin,  which  was  not  deep.  The  rocks  in  this  field  were  not 
so  highly  metamorphosed,  and  the  coal,  as  a  rule,  was  softer  than 
in  the  southern  end  of  the  northern  district.  At  Scranton,  in 
the  Lackawanna  Valley,  there  were  eleven  coal-beds,  most  of 
them  workable. 

In  the  Wyoming  Valley  the  coal  was  so  folded  that  at  Nanti- 
coke  G  miles  of  strata  had  been  crushed  into  1.     In  this  valley 
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the  coal  went  2,100  feet  below  the  surface,  and  was  much  con- 
torted. An  idea  of  this  could  be  obtained  from  the  cross-section 
(  Fig.  1  in  the  text),  in  which  the  dotted  lines  represented  unmined 
coal,  the  black  lines  coal  being  worked,  and  the  double-dotted 
lines  coal  worked   out.      The   mine   was   entered   bv  ishafts   and 


Fig.  1.— Section  on  Line  of  No.  3  Tunnel,  Truesdale  Colliery. 

slopes ;  the  haulage-ways  were  driven  on  the  strike  on  both  sides 
of  the  shafts  and  slopes,  and  the  rooms  worked  to  the  rise  or 
pitch.  In  order  to  work  more  than  one  bed  at  a  time,  cross-cut 
tunnels  were  driven  through  rock  from  one  bed  to  the  next,  but 
not  always  on  each  level. 


Fig. 


Truesdale  Breaker,  the  Largest  Electric  Coal-breaker 
in  the  World. 


As  the  coal-beds  dipped  at  almost  every  angle  from  vertical 
to  horizontal,  and  had  anticlines,  synclines,  and  overlaps,  the 
rock  work  was  a  large  item  in  the  cost  of  production.  Another 
source  of  expense  in  this  particular  field  was  due  to  what  was 
termed  the    "buried  valley."     The   Susquehanna   River  flowed 


DISCUSSION — COAL-MINING    IX    THE    STATE    OF    PENNSYLVANIA.   339 

through  this  valley,  which  was  eroded  probably  by  ice-flows  in 
the  Glacial  Period,  as  here  and  there  were  found  narrow  chan- 
nels cut  much  deeper  than  the  old  river-bod  now  filled  with 
sand.  The  dangers  from  breaking  into  these  narrow  channels 
made  it  imperative  to  prospect  with  diamond  drills  ahead  of  the 
workings.  The  Truesdale  breaker  shown  in  Fig.  2  in  the  text 
received  and  prepared  over  1,000, 000  tons  of  anthracite  annually. 
It  was  the  custom  now,  wherever  possible,  to  dump  the  coal  in 
a  boot  and  raise  it  to  the  top  of  the  breaker  by  means  of  a  travel- 
ling belt.  The  house  for  the  travelling  belt  connected  the  top 
of  the  bleaker  with  the  boot.      Attention  was  called  to  a  system 


Fig.  3. — Section  of  Coal- basin  at  Morea  Colliery. 


which  was  largely  followed  in  the  anthracite-fields,  namely,  the 
line  of  steam-pipes  on  the  right  of  Fig.  2.  Large  bends  were 
made  in  the  pipes  to  act  as  expansion-joints.  Anthracite 
operators  were  conservative  when  it  came  to  making  use  of 
electric  hoists  or  electric  motors  for  driving  fans,  and  this 
steam-pipe  line  extended  from  the  boiler-house  for  nearly  a 
quarter-of-a-mile  to  a  fan  and  hoister.  In  places  steam  was 
carried  for  nearly  a  mile  in  covered  pipes. 

The  Eastern  Middle  anthracite-field,  which  was  about  20 
miles  south  from  Wilkes-Barre,  was  drained  mostly  by  the 
Lehigh  River.     In  this  field  the  coal  was  hard,  as  well  as  the 
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rock,  both  having  undergone  great  pressure  and  consequently 
metamorphism  In  places — for  example,  at  Hollywood — the 
Mammoth  Bed  coal,  which  was  from  50  to  60  feet  thick,  had 
been  doubled  by  Nature  so  as  to  form  a  mass  of  coal  110  feet 
thick  and  about  the  same  distance  across  the  top.  It  was  covered 
by  dirt,  but  the  coal  was  good  and  free  from  dirt-stains.  At 
Morea  Colliery,  which  was  situated  in  a  basin  on  top  of  a  hill  at 
the  eastern  end  of  the  Western  Middle  field,  the  coal  was  80 
feet  thick. 


Pa 


4.  -Morea  Strippikgs. 


The  figures  show  the  Elevations  above 
Sea- level. 


Fig.  3  in  the  text  was  a  section  of  this  basin,  and  Fig.  4  a 
view  of  the  strippings.  The  Mammoth  Bed,  in  the  Middle 
fields,  had  been  subjected  to  such  severe  dynamic  action  that 
it  was  almost  as  brittle  as  glass.  To  prevent  further  degrada- 
tion, after  preparation,  20  per  cent,  was  mixed  with  80  per 
cent,  of  a  tougher  coal  from  the  other  beds.  The  breaker 
was  connected  with  the  slope  driven  on  the  right  wing  of  the 
Buck  Mountain,  or  the  lower  coal-bed  in  this  basin.  The  shaft 
was  for  raising  coal  from  the  lower  to  the  higher  levels,  so  that 
it  might  be  hauled  through  a  rock-tunnel  to  the  Buck  Mountain 


DISCUSSION — COAL-MINING    IX   THE    STATE   OE   PENNSYLVANIA.  84] 

gangway,  thence  to  the  foot  of  the  slope,  and  up  to  -the  top  of 
the  breaker.  The  coal  from  the  stripping  was  also  moved  in 
this  way. 

The  Southern  anthracite-field  was  the  largest  of  the  four. 
In  places  it  had  more  coal-beds,  but,  on  account  of  the  dynamic 
action  to  which  the  scams  had  been  subjected,  they  were  more 
expensive  to  mine,  as  a  rule.  In  some  places  the  coal  had  been 
crushed  so  that  when  the  bed  was  highly  inclined  it  commenced 
to  run.  and  continued  from  the  lower  level  to  the  next  upper 
level,  a  distance  of  -'KID  feet.  This  dynamic  action  had  often 
cracked  the  coal,  and  the  small  fissures  between  pieces  had  been 
filled  with  pyrophyllite,  an  aluminum  silicate,  also  called 
•"  miners9  soap."  Probably  no  coalfields  in  the  world  had  so 
many  varied  problems  awaiting  solution  or  recpiired  so  many 
and  accurate  surveys  and  maps  as  the  Middle  and  Southern 
anthracite-fields.  Inside  the  mine,  working  was  complicated 
by  the  necessity  for  engine-planes,  inside  slopes,  rock-tunnels, 
cut-throughs  between  rooms,  log  batteries  to  prevent  the  coal 
from  sliding  into  the  haulage-ways  (Fig.  14  in  Mr.  Dean's  paper 
showed  one  from  which  the  loading-spout  projected),  timbered 
man-ways  on  both  sides  of  the  breasts  (as  rooms  were  called) 
nearly  to  the  face,  timbering  in  gangways  and  airways  some- 
times skin  to  skin,  large  quantities  of  water,  gas,  etc. 

The  conditions  were  so  favourable  for  accidents  in  anthracite- 
mining  that  there  was  a  high  death-rate,  but,  strange  as  it 
might  appear,  the  fatalities  were  less  in  the  highly-inclined 
-earn-  of  the  Middle  and  Southern  fields  than  in  the  Xorthern 
field  where  the  seams  were  natter.  Every  precaution  possible 
was  taken  to  prevent  accidents,  but,  despite  the  thousands  of 
dollars  annually  spent  to  lessen  them,  they  continued  to  cause 
chagrin  and  regret. 

The  Vesta  No.  4  Mine  in  the  bituminous  regions  of 
Pennsylvania  had  two  rope-haulages,  one  about  2  miles  long 
underground  and  a  second  about  2h  miles  long  on  the  surface, 
in  addition  to  thirty-seven  electric  locomotives.  The  largest 
record  output  of  this  mine  was  7,235  tons.  One  concern  in 
Pennsylvania,  namely,  the  Berwind  "White  Coal  Company, 
-hipped  20,000  tons  of  semi-bitumous  coal  daily:  another,  the 
Pittsburgh  Coal  Company,  mined  about  ?»0',000,000  tons  of  the 
Pittsburgh    Bed    coal   annually.        In    1913,    the  production   of 
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Pennsylvania!!  bituminous  coal  was  over  173,000,000  short  tons; 
and  of  anthracite,  nearly  92,000,000  short  tons;  a  total  of 
265,000,000  tons  out  of  the  grand  total  of  570,000,000  tons  mined 
in  t lie  United  States  of  America. 

With  regard  to  Mr.  Dean's  remark  on  the  cost  of  haulage, 
there  were  over  1,000  coal-mines  in  Pennsylvania,  and  as  each 
one  involved  a  personal  equation,  it  would  be  impossible 
to  obtain  an  approximate  average  of  the  cost  of  haulage  per  ton- 
mile.  When  the  speed  of  underground  haulage  was  limited  by 
Law,  two  rational  methods  of  keeping  down  haulage  costs  were 
followed  as  the  mines  became  more  extended.  The  first  was  to 
increase  the  size  of  the  locomotive  or  power  of  the  haulage- 
engine  and  move  longer  trains.  The  second  was  to  raise  the 
ears  through  a  shaft  and  run  fast  trains  on  the  surface.  Either 
method  was  not  likely  to  decrease  the  cost  of  haulage  below  that 
of  1882,  when  it  was  about  ljd.  (21  cents)  per  ton-mile  by  mine 
locomotives  and  2M.  (5  cents)  per  ton-mile  by  mules. 

Since  the  cost  of  haulage  would  vary  at  two  mines  under  the 
same  management,  the  best  method  of  keeping  it  down  was  to 
make  use  of  good  track-beds,  heavy  steel  rails,  good  cars,  long 
trips,  and,  above  all,  concentration  of  work.  Efficiency  in 
haulage  meant  saving  in  minutes  by  the  continuous  movement 
of  empty  and  loaded  cars,  so  that  they  reached  the  terminals  at 
regular  intervals. 

This  sj'stem  might  be  worked  to  perfection  in  anthracite- 
mines  for  a  time,  when  suddenly  a  difficult  piece  of  ground 
would  stop  development  work  so  as  to  derange  temporarily  the 
haulage  system  and  thus  increase  the  cost. 

While  great  strides  had  been  made  in  mining,  along  the 
lines  of  machinery  and  economical  systems  of  recovery,  over 
£20,000,000  ($100,000,000)  was  lost  annually  by  clinging  to  the 
use  of  bee-hive  ovens  in  the  Connellsville  district  of  Pennsyl- 
vania. 


DISCUSSION  OF  ME,  H.  W.  G.  HALBAUM'S  PAPER  ON 
"THE  LATERAL  FRICTION  OF  WINDING-ROPES."* 

Mr.  H.  W.  G.  Halbaum  (Cardiff)  wrote  that  the  "  question  of 
etiquette  "  referred  to  by  Mr.  G.  W.  Westgarth  on  page  142  had 

*  Trans.  Inst.  M.  E.,  1915,  vol.  xlix.,  pages  125  and  351. 
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been  a  question  of  mystery  to  him.  lie  (Mr.  Halbaum)  bad  at  first 
supposed  thai  liis  paper  mighl  have  < >\ ci  lo ]>ped  Mr.  Westgarth's 
by  one  of  those  "  literary  coincidences  "  which  sometimes 
occurred.  A  careful  comparison  of  the  two  papers,  however, 
would  show  that  he  had  quoted  none  of  Mr.  Westgarth's  matter, 
borrowed  none  of  bis  ideas,  and  used  none  of  his  data.  If  the 
members  would  refer  to  the  first  few  lines  of  Mr.  Westgarth's 
criticism,  they  would  find  the  following  statement:  — 

"  The  first  point,  he  thought,  involved  a  question  of  etiquette.  Mr. 
Halbaum  in  the  first  paragraph  of  his  paper  made  the  statement  that  'the 
problem,  of  course,  is  already  solved  by  the  Kcepe  system,  but  a  satisfactory 
solution  for  the  case  of  the  ordinary  wide  drum  has  yet  to  be  found.'  He 
was  very  sorry  that  he  was  obliged  to  disagree  with  the  writer  on  that  point, 
as  he  had  evidently  overlooked  or  not  seen  the  paper  which  he  (Mr.  West- 
garth)  had  the  pleasure  of  communicating  to  the  South  Wales  Institute  of 
Engineers  in  1899  'On  the  Relative  Positions  of  Drums  and  Pulleys  in 
Winding  Arrangements.'  "* 

The  only  inference  that  could  be  drawn  from  the  above 
statement  was  that  Mr.  Westgarth  considered  that  his  paper  to 
the  South  Wales  Institute  of  Engineers  actually  furnished  the 
desired  satisfactory  solution  for  the  case  of  the  ordinary  wide 
drum,  and  that  any  later  writer  on  the  subject  should  have 
quoted  it  as  such.  In  the  writer's  opinion,  a  satisfactory  solu- 
tion for  the  case  of  the  ordinary  wide  drum  had  yet  to  be  found. 
He  might,  moreover,  point  out  that  the  scheduled  data,  however 
handled,  were  not  sufficient  for  the  purpose.  They  were  valuable, 
and  very  welcome  so  far  as  they  went,  and  he  was  greatly  obliged 
to  Mr.  Westgarth  for  his  schedule;  but  he  was  bound  to  say 
that,  considered  as  data  upon  which  a  complete  solution  of 
the  problem  might  be  based,  they  were  not  only  insufficient, 
but  also,  to  some  extent,  not  comparable.  For  example,  the 
schedule  gave  no  information  as  to  the  various  accelerations 
employed,  and  these  had  considerable  influence  on  the  strains 
effected  in  a  winding-rope.  Neither  was  it  clear  that  the  very 
low  efficiencies  shown  in  examples  Xos.  1,  2,  5,  and  10  could  be 
accounted  for  by  questions  of  "  lead  "  only.  It  was  admitted 
that  No.  10  was  an  upcast  shaft  in  which  steam  passed.  It  was 
not  clear  whether  No.  1  came  under  a  similar  description,  but 
it  was  quite  clear  that  a  case  where  the  useful  load  was,  approxi- 
mately, only  a  fifth  of  the  total  load,  was  not  fairly  comparable 

*  Trans.  Inst.  M.  E.,  1915,  vol.  xlix.,  page  142. 
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with  another  case  where  the  useful  load  formed  33  per  cent,  of 
the  total.  With  regard  to  No.  5,  he  would  like  to  ask  Mr. 
Westgarth  whether,  as  a  rope-expert,  he  had  ever  come  across 
a  rope  like  that  assigned  to  No.  5.  The  schedule  gave  its 
circumference  as  4£  inches,  its  breaking-stress  as  32  tons,  and 
its  weight  as  2h  tons,  although  the  shaft  was  only  330  yards  deep. 
Even  in  No.  4,  the  best  of  the  examples,  the  weight  of  the  cage 
to  carry  2^  tons  of  coal  was  given  as  5  tons,  which  might  be  com- 
pared with  No.  11,  where  the  same  weight  of  coal  was  raised  in 
a  cage  the  weight  of  which  was  only  2j  tons. 

This  was  all  the  criticism  that  he  intended  to  make.  For  the 
sake  of  argument,  however,  he  would  entirely  waive  any  question 
of  the  reliability  of  the  scheduled  data.  Therefore,  he  (Mr. 
Halbaum)  would  follow  that  example,  and  base  the  contrary 
case  on  precisely  the  same  foundations.  Mr.  Westgarth  had 
taken  what  he  considered  to  be  the  best  four  of  the  thirteen  cases 
scheduled.  But,  although  it  was  to  his  own  disadvantage,  he 
(Mr.  Halbaum)  would  broaden  his  bases  by  taking  the  best  five. 
He  imagined  that,  in  either  event,  he  would  have  little  difficulty 
in  proving-  that  Mr.  Westgarth's  own  data  contradicted  Mr. 
Westgarth's  published  conclusions. 

Mr.  Westgarth  apparently  failed  to  distinguish  between  the 
term  "  work  "  and  the  term  "  efficiency,"  as  used  by  engineers, 
tor  in  his  paper  he  (Mr.  Halbaum)  found  the  following  state- 
ment :  — 

"  From  the  above  Schedule  it  is  evident  that  the  highest  efficiency — 
i.e.,  the  highest  number  of  yard-tons  of  work  done  during  the  life  of  the 
rope — is  obtained  in  those  cases  where  the  compression  per  lineal  inch  of  the 
arc  over  pulley  is  relatively  the  lowest."* 

"  Efficiency,"  as  understood  by  engineers,  was  measured  not 
merely  by  the  quantity  of  work  done,  but  by  its  ratio  to  the 
theoretical  quantity  which  might  have  been  expected  under 
perfect  conditions.  Thus,  the  work  of  a  ventilating  fan  was 
measured  by  the  product  of  the  volume  of  air  and  the  venti- 
lating pressure,  but  its  efficiency  was  expressed  by  the  ratio 
which  this  amount  of  work  bore  to  the  work  done  in  the  cylinder, 
or  by  the  motor  driving  the  fan.  Similarly,  in  machine-shops, 
where  power  was  transmitted  by  wire  ropes,  the  ropes  were 
designed  on  the  very  reasonable  assumption  that,  other  things 

*  Proceedings  of  the  South  Wales  Institute  of  Engineers,  1899,  vol.  xxi. ,  page  345. 


DISCUSSION       Till-.    LATERAL    FRICTION    OF    WINDING -ROPES.    345 

being  equal,  the  pow.er  capable  of  being  transmitted  by  any  rope 
would  be  in  ratio  to  the  square  of  its  circumference  multiplied 
by  its  velocity.  In  a  winding  plant,  however,  the  velocity  of  the 
rope  was  also  that  of  the  load.  Therefore,  as  the  velocity 
appeared  both  in  the  numerator  and  in  the  denominator  alike, 
it  cancelled  itself,  and  the  work  done  might  he  expected  to  vary 
as  the  square  of  the  circumference  of  the  rope,  provided  that 
other  factors,  such  as  (he  quality  of  the  ropes  and  the  conditions 
by  which  they  were  surrounded,  were  equal. 

Then,  other  things  being  equal,  the  expectation  of  work  for 
any  rope  of  circumference  c  might  he  called  x  (foot-pounds  or 
yard-tons),  and  ./'  varied  as  c2,  since  c2  was  in  ratio  to  the  cross- 
section  of  the  rope,  lint,  if  the  work  actually  obtained  was  only 
v  (in  the  same  terms  ;is  x),  the  efficiency  would  be — 

_  "'   —  w 
./•        c2' 

since  c2  was  a  measure  of  the  rope-cost  per  unit  of  length. 

It  was  further  clear  that,  in  any  comparison  of  different 
cases,  the  total  length  of  the  rope  was  not  to  be  debited  against 
the  rope,  since  the  mere  length  could  add  nothing  to  any  reason- 
able expectation  of  work,  as  represented  in  x.  On  the  contrary, 
in  any  fair  comparison  of  efficiencies,  the  weight  due  to  the 
length  must  be  placed  to  the  credit  of  the  rope,  since  the  raising 
of  its  own  weight  formed  part  of  its  actual  work  as  represented  in 
w.  If  a  man  had  two  pits,  one  twice  as  deep  as  the  other,  he 
could  hardly  expect  the  longer  rope  to  cost  no  more  than  the 
shorter  rope,  even  though  both  were  equal  in  cross-section. 
If  he  obtained  the  same  amount  of  work  w  out  of  both,  their 
efficiencies  e  would  be  equal :  because,  although  the  total  cost 
of  one  was  double  that  of  the  other,  the  expectation  of  work  x 
was  no  greater,  since  x  evidently  varied  as  c-  only,  provided 
that  the  quality  and  the  density  of  the  ropes  were  equal. 

If,  however,  the  quality  and  density  of  the  several  ropes 
were  not  uniform,  neither  could  any  sane  expectation  of  work 
be  uniform.  Thus,  a  4-inch  rope  of  the  best  steel  wire  would  be 
expected,  naturally,  to  turn  out  more  work  than  a  less  expensive 
4-inch  rope  of  inferior  iron  wire.  Unless  the  work  obtained  was 
greater  in  at  least  the  same  proportion  as  the  cost  was  greater, 
the  efficiency  would  clearly  be  less.  But,  in  that  case,  the 
expectation  of  work  x  could  not  be  measured  by  c2  alone,  but 
by  c2  multiplied  by  the  quality, 
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Furthermore,  even  if  c2  and  the  quality  were  the  same  for 
both  ropes,  the  expectation  of  work  would  still  depend  on  the 
density  of  the  rope  :  because,  if  the  density  were  greater,  as,  for 
example,  in  a  rope  of  the  locked-coil  type,  the  weight  per  unit 
of  length  would  be  greater,  and  the  cost  correspondingly  higher. 
Hence  the  practical  expectation  of  work  would  now  be  based  on 
the  continued  product  of  c2,  the  quality,  and  the  density  of  the 
rope.  The  product  of  those  three  factors  was  evidently  in  ratio 
to  the  breaking-stress  S,  and  therefore,  the  general  formula  for 
the  true  efficiency*  was — 

e  =  „  x  constant       ....  (1) 

Whether  that  rule  represented  the  whole  truth  or  not,  it 
was  as  near  to  bed-rock  as  they  could  get  by  employing  the 
limited  information  which  Mr.  Westgarth's  schedule  placed  at 
their  disposal.  In  any  event,  the  formula  was  immeasurably  in 
advance  of  Mr.  Westgarth's  straight-line  equation,  which  made 
e  —  "  yard-tons  by  one  rope,"  irrespectively  of  what  might  be 
the  dimensions,  quality,  density,  or  cost  of  the  rope. 

In  any  attempt  to  determine  the  efficiency  of  a  rope,  more- 
over, lie  (Mr.  Halbaum)  ventured  to  suggest  that  it  was  important 
to  avoid  the  error  of  crediting  the  rope  with  a  fictitious  load. 
The  coal-load,  upon  which  alone  Mr.  Westgarth  had  calculated 
the  yard-tons,  was.  in  any  case,  but  a  small  proportion,  and 
not  even  a  constant  proportion,  of  the  actual  load.  In  the 
thirteen  scheduled  cases,  the  coal-load  varied  from  25  to  39  per 
cent,  of  the  actual  mean  load  raised  by  the  rope,  and  it  was 
manifest  that  the  relative  '*  efficiencies  "  would  be  more  or  less 
incorrect  if  one  rope  were  credited  with  39  per  cent,  of  its  actual 
work,  whilst  another  received  credit  for  25  per  cent.  only.  If  the 
cage  were  unusually  heavy,  or  the  tubs  of  clumsy  and  heavy 
design,  the  rope  must  necessarily  be  credited  with  the  extra  work 
thus  thrown  upon  it. 

On  the  other  hand,  the  "  total  working  loads"  scheduled  by 
Mr.  Westgarth  were  maxima  (unless  the  ropes  were  balanced 
by  tail-ropes  under  the  cages,  which,  however,  did  not  appear 
from  the  schedule).  He  (Mr.  Halbaum)  must  assume,  there- 
fore, that  the  mean  working  load  was  less  than  Mr.  Westgarth's 
total  working  load"  by  a  weight  of  rope  the  length  of  which 
corresponded  with  the  half-depth  of  the  pit. 
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The  exact  weight,  however,  could  not  be  gathered  from  Mr. 
Westgarth'g  schedule,  since  that  gentleman  had  recorded  only 
the  "weight  of  rope,  etc."  The  term  "etc.,"  as  used  by  Mr. 
Westgarth,  was  remarkably  elastic.  Sometimes  it  was  quite  a 
negligible  quantity,  and  "weight  of  rope,  etc.,"  then  had  a 
value  practically  equal  to  the  estimated  weight  of  the  rope 
alone.  In  other  cases,  the  convenient  term  "  etc."  seemed  to 
include  bridle-chains,  capels,  detaching-hooks,  with  other 
objects  the  nature  of  which  could  not  be  imagined,  except  that 
they  appeared  to  be  unusually  heavy.  In  such  instances,  he 
(Mr.  Halbaum)  had  taken  the  mean  load  dealt  with  by  the  ropa 
to  be — 

M  =  r.W.L.—  'L 
4o0 

where  T.W.L.  was  the  "total  working  load,"  but  in  cwts. ;  c, 

the    rope-circumference    in    inches ;    F ,    the    winding-depth    in 

fathoms;  and  M,  the  mean  load  in  cwts.     The  rule  assumed  the 

rope  to  weigh  about  c-  pounds  per  fathom. 

The  mean  loads,   thus  calculated,   were  given   under  M,   in 

Table  I.     The  order  of  "cases"  shown  in  the  first  column  was 

the  same  as  that  adopted  in  Mr.  Westgarth' s  schedule. 


Table 

I. — Loads  and  Work. 

Case. 

M 

U 

u 

IV 

w 

M 

1^000 

1,000 

( Iwta. 

Cwts. 

1 

94 

23 

0245 

24,748 

101,145 

2 

89 

28 

0314 

66,825 

212,382 

3 

129 

44 

0341 

117,563 

344,718 

4 

184 

50 

0272 

238,700 

878,397 

5 

107 

30 

0  281 

22,688 

80,928 

6 

91 

30 

0330 

87,120 

264,278 

7 

187 

63 

0337 

229,160 

680,264 

8 

180 

60 

0333 

202,400 

607,154 

9 

170 

66 

0389 

191,624 

493,598 

10 

187 

60 

0321 

84,319 

262,774 

11 

154 

50 

0325 

170,156 

524,064 

12 

223 

80 

0359 

186,720 

520,456 

13 

32-1 

100 

0309 

209,654 

679,198 

The  useful  load  of  coal  (also  stated  in  the  schedule)  was  re- 
duced to  cwts.,  and  placed  in  Table  I.  under  U  (useful  load). 
Dividing  U  by  J/,  the  proportion  which  the  useful  load  bore  to 
the  mean  load  was  obtained  for  each  case,  and  placed  under 
U 

ir 
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Ill  the  next  column,  the  letter  w  represented  Mr.  Westgarth's 
"yard-tons  by  one  rope."  The  numerical  values  placed  under 
TWO  snowed  tne  useful  work,  in  thousands  of  yard-tons,. 
obtained  during  the  life  of  each  rope. 

But  the  actual  work  done  was  W ;  it  was  done  on  the  mean 
load  M,  and  was  greater  than  w  in  the  same  proportion  as  M 
was  greater  than  U;  hence,  he  might  write — 

M 


W  =  w  x 


V 


The  numerical  values  of  TTT,  thus  obtained,  were  reduced  to 

W 
thousands    of   yard-tons,    and    were    set   forth,    under  t~qqq>    in 

the  last  column  of  Table  I. 

He  had  first  calculated  the  approximate  efficiencies,  based 
only  on  the  useful  work  w.  The  approximate  efficiency  might 
be  denoted  by  the  letter  k — it  was  merely  the  coefficient  of  the 
breaking-stress  S  in  the  composite  quantity  w — "  composite,"  be- 
cause its  various  numerical  values  approximated  very  dispropor- 
tionately to  the  true  work  W.  It  was  convenient  to  state 
relative  numbers  in  terms  that  were  conspicuous  and  not  un- 
wieldy. Hence,  the  approximate  efficiency  k  was  ascertained 
by  applying  to  each  separate  case  the  following  rule :— 

A-    -"^-  (2) 

H  ~  10,000  8 (  ' 

which  gave  &  =  the  useful  work  obtained,   in  tens  of  thousands- 

of  yard-tons,   per  unit  of  rope-strength. 

The  true  relative  efficiency  of  each  rope,  based  on  the  actual 

mean  load,  and  stated  in  the  same  terms  as  k,  would  be  denoted 

by  E,   and — 

_         W 

E  =  10,000  s (3> 


Table  II. — Angles  and  Efficiencies  of  the  Best  Five  Cases. 


Case. 

a 

A 

it 

E 

4 

1°  15' 

138° 

236 

870 

6 

55' 

132° 

203 

615 

7 

1°45' 

141° 

185 

549 

9 

50' 

114° 

199 

512 

11 

1°30' 

125° 

177 

546 

Mean. 

1°  15' 

130° 

200 

618 
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The  various  numerical  values  thus  obtained  for  k  and  E  by 
means  of  the  formulae  (2)  and  (3)  were  set  forth,  under  their 
respective  symbols,  in  Tables  II.  and  III.  The  best  five  re- 
sults were  shown  in  Table  II.,  and  the  remaining  results  were 
set  forth  in  Table  III. 


Tablk  III. — Angles  and  Efficiencies  of  the  Worst  Eight  Cases. 


Cam 

<t 

A 

k 

E 

1 

1°35' 

124° 

45 

184 

q 

1°  29' 

122° 

83 

262 

3 

2°    8' 

141° 

119 

348 

5 

36' 

114° 

71 

253 

8 

2°  14' 

1463 

151 

453 

10 

1°40' 

133° 

80 

248 

12 

2"  25' 

1383 

139 

388 

13 

2-  36' 

124° 

121 

393 

Mean. 

1°50' 

130° 

101 

316 

In  each  table  were  also  placed,  under  the  symbol  a,  the 
several  lateral  angles  under  which  the  stated  results  accrued ; 
whilst,  under  the  symbol  A,  were  shown  the  several  arcs  of 
contact  which  the  under  rope  made  with  its  pulley.  The 
numerical  values  of  a  and  A,  of  course,  were  abstracted  from 
Mr.  Westgarth's  own  schedule. 

The  mean  angle  a,  the  mean  arc  A,  and  the  mean  relative 
efficiencies  k  and  E,  shown  for  each  group  at  the  foot  of  each 
table,  gave  the  quotient  obtained  by  taking  the  sum  of  the 
numerical  values  appearing  in  each  column,  and  dividing  it  by 
the  number  of  cases  contained  in  that  column.  It  would  be 
noted  that  the  order  of  merit  obtained  under  k  was  changed  in 
no  fewer  than  seven  cases,  when  the  true  efficiencies  E  were 
stated. 

The  results  obtained  in  this  way  did  not  agree  with  those  of 
Mr.  Westgarth,  who  contended  that  cases  Nos.  8  and  12  were 
two  of  the  highest  in  efficiency ;  that  the  "  economic  lateral 
angle"  was  1°  51',  and  that  it  should  not  be  allowed 
to  fall  below  that  amount.  It  was  the  worst  eight 
cases  (now  grouped  together  in  Table  III.)  that 
showed  a  mean  lateral  angle  practically  equal  to  the 
"  economic  "  angle  itself.  The  efficiencies  obtained  under  the 
mean  angle  of  1°  50',  as  shown  in  Table  III.,  were  practically 
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50  per  cent,  behind  those  obtained  under  a  mean  angle  of  1°  15', 
as  shown  by  Table  II.  The  mean  relative  efficiencies  k  and  E 
shown  in  Table  II.  were  200  and  618  respectively,  and  the  mean 
angle  a  =  l°  15'.  But  those  efficiency  values  dwindled  away  to 
101  and  316  respectively,  when,  as  shown  in  Table  III.,  the  mean 
angle  a  attained  its  supposed  economic  altitude  of  1°  50'.  It 
would  be  seen  that  Mr.  Westgarth's  supposed  best  four  cases 
(Nos.  4,  7,  8,  and  12)  "of  highest  efficiency"  actually  occupied 
the  first,  third,  sixth,  and  eighth  positions  in  the  real  order  of 
merit  under  E. 

As  for  the  arc  of  contact  A,  upon  the  importance  of  which 
Mr.  Westgarth,  in  his  paper  to  the  South  Wales  Institute  of 
Engineers,  had  laid  such  emphasis,  the  scheduled  data  suggested 
nothing  at  all,  since  the  mean  value  of  A  in  Table  II.  of  high 
efficiencies  =  the  mean  value  of  A  in  Table  III.  of  Igw  efficiencies 
=  the  mean  value  of  A  for  Mr.  Westgarth's  entire  schedule  of 
all  efficiencies.  It  was  not  necessary  at  that  particular  juncture 
to  enquire  whether  the  arc  A  was  actually  without  significance 
— it  was  sufficient,  to  point  out  that  Mr.  Westgarth's  own  data 
failed  absolutely  to  support  Mr.  Westgarth's  conclusions.  They 
failed  to  support  his  economic  angle  a,  they  refused  to  recognize 
the  value  of  his  arc  of  contact  A,  and  they  maintained  that  un- 
compromising attitude  whether  one  tested  them  by  the  approxi- 
mate efficiency  h,  or  whether  one  appealed  to  them  through  the 
true  efficiency  E.  If  one  omitted  all  doubtful  data,  such  as 
Cases  1,  10,  and  5,  the  best  results  still  accrued  under  the  mean 
lateral  angle  of  1°  15'.  Not  one  of  the  best  five  results  was 
obtained  under  an  angle  so  great  as  Mr.  Westgarth's  "  econo- 
mic "  1°  51',  and  not  one  of  the  poorer  results  (except  that  in  the 
absurd  ease  No.  5)  was  associated  with  an  angle  a  so  small 
as  1°  15'.  Such  results  could  not  be  juggled  with,  unless, 
indeed,  one  copied  Mr.  Westgarth's  error,  and  confused  turn- 
over with  dividends. 

Finally,  it  might  be  pointed  out  that  Mr.  Westgarth's  argu- 
ment with  regard  to  the  place  of  the  arc  -4  was  based  on  a  pure 
fallacy.  It  was  true,  as  that  gentleman  had  stated,  that  a  larger 
number  of  degrees  in  A  increased  the  total  compression,  and 
also  true  that  the  "  average  "  intensity  of  the  compression  was 
less  on  the  larger  arc.  But  the  average  thus  obtained  was  a 
mere   abstract    mathematical   quantity   which    had    no   practical 
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value  whatever.  It  could  have  a  practical  value  only  if  the 
extension  of  the  arc  had  so  redistributed  the  pressures  over  the 
whole  arc  that  some  reduction  was  obtained  at  those  particular 
points  where  the  intensity  of  pressure  was  greatest.  But  the 
extension  of  the  arc  in  mere  degrees  did  nothing  of  the  kind. 
All  that  it  did  was  to  extend  pressure  to  an  extra  portion  of  arc 
which  had  previously  borne  none.  The  pressure  on  the  original 
arc  was  not  reduced  in  any  sense,  either  with  regard  to  its  bulk, 
or  with  regard  to  its  intensities  at  particular  points.  The  only 
way  to  effect  any  reduction  in  the  intensities  was  to  increase  the 
length  of  the  arc  without  increasing  the  degrees  of  arc — that  was, 
by  increasing  the  diameter  of  the  pulley  without  increasing  the 
angle  which  the  rope  made  with  the  horizontal  line. 

He  was  sorry  that  Mr.  Westgarth  blamed  him  for  not  having 
referred  to  his  paper,  but  he  (Mr.  Halbaum)  disagreed  so 
totally  with  his  conclusions  that  he  did  not  wish  to  make  what 
might  have  appeared  a  gratuitous  attack  on  a  paper  published 
by  another  Institute,  and  so  thought  it  better  not  to  make  re- 
ference to  it.  He  regretted  that  in  defending  his  own  position 
he  had  unwillingly  been  compelled  to  attack  the  paper  which 
Mr.   Westgarth   had  written. 

Mr.  G.  W.  Westgarth  (Cardiff)  wrote  that,  as  he  had  reason 
to  believe  that  Mr.  Halbaum  was  acquainted  with  his  paper 
"  On  the  Relative  Positions  of  Drums  and  Pulleys  in  "Winding 
Arrangements,"  which  contained  some  information  on  the  sub- 
ject of  lateral  friction  of  winding-ropes  (although  the  conclu- 
sions at  which  he  had  arrived  were  only  an  approximation  to 
a  practical  solution  of  the  problem),  he  should  have  expected 
some  reference  to  it. 

A  comparison  of  the  two  papers  showed  that  Mr.  Halbaum 
had  adduced  certain  algebraical  formulae  which  had  a  certain 
correspondence  with  the  line  equations  tabulated  in  the  paper  to 
the  South  Wales  Institute  of  Engineers  in  1899.  Further,  Mr. 
Halbaum's  formulas  permitted  of  a  variation  in  the  lateral 
angle  of  1  to  3  degrees,  and  in  his  (Mr.  Westgarth's)  schedule 
the  lateral  angles  varied  from  36  minutes  to  2  degrees  36 
minutes.  Such  a  close  correspondence  might  be  a  "literary 
coincidence  "  ;  but,  without  such  a  schedule  as  he  had  given,  it 
was  not  clear  how  Mr.  Halbaum  had  arrived  at  such  a  varia- 
tion as  1  to  3  decrees. 
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Mr.  Halbaum  had  also  cast  some  suspicion  on  the  accuracy 
of  the  data  supplied  in  the  schedule.  He  desired  to  assure  Mr. 
Halbaum  that  the  information  was  certainly  accurate  at  the 
time  when  the  paper  was  written.  Case  Xo.  5  (Tylorstown  Col- 
liery) was  a  notoriously  bad  winding  position,  and  was  included 
in  the  schedule  because  the  conditions  were  altered  in  accord- 
ance with  the  details  given  in  case  Xo.  6,  and  for  the  purposes 
of  his  paper  it  was  particularly  useful  in  proving  the  dis- 
advantages of  an  excessive  "  lead." 

Mr.  Halbaum  also  objected  to  the  schedule  of  data  on  the 
grounds  that  it  was  not  sufficiently  complete,  that  it  gave  no 
information  with  regard  to  the  various  accelerations,  and  that 
it  was  therefore  impossible  to  make  a  correct  estimate  of  the 
true  efficiency.  Mr.  Halbaum  then  proceeded  to  prove,  on  the 
basis  of  a  certain  efficiency  deduced  from  the  schedule,  that  his 
(the  writer's)  conclusions  were  wrong.  It  was,  however,  for  the 
very  reason  that  it  was  impossible  to  obtain  all  the  information 
in  each  case  that  he  did  not  attempt  to  show  such  an  efficiency 
as  Mr.  Halbaum  had  attempted  to  establish.  If  it  had  been 
possible  to  have  thirteen  collieries  of  the  several  depths  men- 
tioned, each  fitted  with  winding-ropes  of  the  same  character, 
worked  at  the  same  speed,  and  with  all  other  conditions  equal, 
a  comparison  on  the  basis  of  a  true  efficiency  would  have  been 
much  simpler.  As  that  was  not  possible,  it  was  obvious 
that,  for  the  general  purposes  of  his  paper,  he  was  obliged  to 
adopt  another  standard,  namely,  the  yard-tons  of  useful  work; 
and  he  ventured  to  say  that  no  engineer  could  possibly  mis- 
understand the  meaning  of  the  term  "efficiency"  as  used  in 
his  paper,  because  the  definition  was  so  clearly  given. 

Mr.  Halbaum  was  under  a  misapprehension  with  regard  to 
what  he  (Mr.  Westgarth)  intended  by  "  the  best  four  cases." 
He  did  not  mean  that  the  cases  selected  for  the  purpose  of  fixing 
the  economic  angle  had  given  either  the  highest  efficiency  or 
the  greatest  number  of  yard-tons,  but  simply  that  they  were  the 
besl  to  use  for  the  general  purposes  of  his  paper.  The  fact  was 
that  an  economic  limit  could  only  be  arrived  at  when  the 
extremes  were  known.  For  this  reason,  amongst  the  four  cases 
chosen  for  the  purpose  of  ascertaining  the  economic  angle,  Xo. 
12,  which  appeared  in  Mr.  Halbaum's  Table  III.,  with  a  very 
low    efficiency,    was   adopted,    because   it   was   known   that    the 
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lateral  friction  was  abnormal  at  2  degrees  25  minutes.  The 
resull  of  Mi.  Ilalhaum's  analysis  of  the  schedule  showed  that, 
even  Erom  the  point  of  view  of  the  true  relative  efficiency  of 
each  rope,  he  had  selected  two  of  the  cases  given  in  Mr. 
Ealbaum'a  Table  II.,  and  two  of  the  cases  given  in  Table  III.; 
and  this,  he  ventured  to  suggest,  was  the  proper  method  to 
adopt  in  such  circumstances  for  the  purpose  of  arriving'  at  an 
economic  angle.  He,  therefore,  disagreed  with  Mr.  Halbaum 
that   his  (the  writer's)  published  conclusions   were   incorrect. 

With  regard  to  the  question  of  compression  over  the  arc  of 
contact  of  the  rope  with  the  pulley,  in  view  of  the  fact  that 
there  was  evidence  that  the  pulley  over  which  an  overlap  rope 
worked  wore  out  in  a  shorter  period  of  time  than  the  pulley 
over  which  an  underlap  rope  worked,  he  had  some  doubt  con- 
cerning the  application  to  such  conditions  of  the  rule  quoted  by 
Mr.  Halbaum.  He  preferred  to  believe  that  the  compres- 
sion varied  as  the  length  of  the  arc  of  contact,  because  the 
length  of  the  arc  increased  more  rapidly  than  the  chord  of  the 
arc  between  90  and  180  degrees.  In  any  case,  it  remained 
substantially  correct  that  the  highest  number  of  yard-tons  of 
work,  as  shown  in  the  schedule,  was  obtained  where  the  com- 
pression per  lineal  inch  on  the  arc  was  relatively  low. 


DISCUSSION  OF  MR.  E.  0.  FORSTER  BROAYX'S  PAPER 
OX    'COAL-MIXIXG   IX  MEXICO."* 

Mr.  E.  0.  Forster  Brown  (London)  wrote,  in  reply  to  Mr. 
Halse,  that  in  his  experience  the  faults  met  with  in  the  workings 
of  the  Sabinas  basin  seldom  took  the  form  of  sudden  vertical  dis- 
placements, although  it  was  a  frequent  occurrence  for  a  rock- 
band  in  the  seam  to  increase  in  thickness  laterally  to  such  an 
extent  as  to  split  a  workable  seam  into  two  or  more  seams  too 
thin  to  be  worked  individually,  and  too  widely  separated  to  be 
worked  together. 

The  writer  was  unable  to  verify  or  criticize  the  views  on  this 
subject  expressed  by  Mr.  Edwin  Ludlow  in  1901,  and  quoted  by 
Mr.  Halse,  as  the  majority  of  the  workings  and  developments  in 
the  Sabinas  basin  to  which  his  (Mr.  Ludlow's)  paper  referred  were 

*  Trans.  Inst.  M.  E.,  1915,  vol.  xlix.,  page  381. 


354 


DISCUSSION COAL-MINING  IN  MEXICO. 


abandoned  some  years  ago.  The  workings  and  developments  on 
which  the  writer  had  based  his  experience  had  all  been  made 
subsequent  to  1901,  and,  it  should  further  be  added,  had  given 
opportunities  of  ascertaining  the  underground  geological  char- 
acteristics of  the  Sabinas  basin  to  a  much  greater  extent  than  was 
possible  at  the  time  when  Mr.  Ludlow  read  his  paper. 

Mr.  Halse  had  demurred  to  the  statement  in  the  paper  that 
"except  for  Spain  and  Chile,  there  are  practically  no  working 
coalfields  of  any  importance  in  Spanish-speaking  countries,"  and 
had  quoted  the  important  coalfields  occurring  in  the  Argentine 
Republic,  Brazil,  Peru,  Ecuador,  and  Colombia.  Brazil,  as- 
pointed  out  by  Mr.  Halse,  was  not  a  Spanish-speaking  country. 
With  regard  to  the  other  countries  mentioned,  while  they  un- 
doubtedly contained  large  coal-deposits,  all  the  information  that 
the  writer  had  been  able  to  obtain  was  to  the  effect  that,  where 
developed  at  all,  they  had  only  been  worked  to  a  very  limited 
extent,  and  they  did  not,  therefore,  come  under  the  category  of 
"  working  coalfields  of  importance." 


Mr.  H.  W.  G-.  Halbaum's  paper  on  "  The  Winding-drums  of 
Practice  and  of  Theory;  with  Notes  on  Factors  of  Safety  and 
Economy  of  Winding--ropes,"  was  taken  as  read,  as  follows: — 
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THE  WINDING-DRUMS  OF  PRACTICE  AND  OF 
THEORY;  WITH  NOTES  ON  FACTORS  OF  SAFETY 
AM)  ECONOMY  OF  WINDING-ROPES. 


By  H.   \V.  G.  HALBAUM  (Gbmnwmx  Medallist) 


Introduction. — In  a  previous  paper*  the  writer  attempted  to 
mould  a  few  stale  statements  into  a  simple  formula  showing 
how  one  quantity  reacted  on  the  others.  It  is  thought  that  the 
same  unoriginal  procedure  might  be  usefully  pursued  a  little 
farther  in  the  same  direction,  with  the  object  of  assisting  busy 
practical  men — chiefly  under-officials — who  have  little  time  for 
reading  current  literature,  and  still  less  taste  for  its  frequently 
mathematical  character,  but  who  would  nevertheless  appreciate 
any  plainly  written  resum&  of  the  principal  facts  and  standard 
problems. 

The  apparently  easy  task  which  the  writer  thus  sets  himself 
is,  in  reality,  very  difficult.  It  is  almost  impossible  to  state  a 
case  in  a  popular  manner  and  at  the  same  time  with  accuracy 
and  conclusiveness.  The  writer  will  endeavour,  however,  to 
avoid  this  pitfall  by  arranging  his  paper  as  follows: — (1)  The 
body  of  the  paper  will,  so  far  as  possible,  state  results  only, 
and  those  in  a  fairly  popular  way.  (2)  An  Appendix  will  be 
added,  in  which  an  endeavour  will  be  made  to  explain  and 
justify  the  statements  set  forth.  This  Appendix  may  be  studied 
or  not,  according  to  the  taste  and  inclination  of  the  reader. 

As  the  paper  is  intended  only  for  practical  men  of  the  class 
indicated,  other  men,  more  favourably  circumstanced,  may  find 
its  substance  distinctly  stale.  Such  men  are  asked  to  exercise 
patience,  on  the  plea  that,  although  the  paper  hardly  aims  at 
actually  increasing  the  general  stock  of  mining  knowledge,  it 
does  aim  at  a  wider  distribution,  at  a  fuller  undei  standing,  and 
at  a  better  practical  application  in  daily  work,  of  the  knowledge 
already  available. 

*  "  The  Lateral  Friction  of  Winding-ropes,"  bv  H.  \V.  (i.  Halbaum,  Trans* 
hut.  M.E.,  1915,  vol.  xlix.,  page  12.3. 
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Winding -drums  of  Practice. — There  are  three  principal  types 
of  these,  and  each  type  may  appear  in  two  or  more  different 
forms. 

(a)  Parallel  or  cylindrical  drum-. — This  may  be  either  plain 
or  grooved.  It  is  the  most  popular  drum,  the  most  widely  used, 
the  simplest  to  design,  and  the  easiest  to  construct.  As  its 
prototype  was  possibly  the  jack-roll  at  the  top  of  Jacob's  well, 
the  parallel  drum  has  had  a  long  life.  This  longevity  appar- 
ently proves  (but  does  not)  the  doctrine  of  the  "  survival  of  the 
fittest." 

(b)  Conical  drum. — This  may  also  be  plain,  or  may  be 
grooved.  In  its  plain  form,  it  has  been  a  comparative  failure, 
but  need  not  have  been  so  if  sufficient  regard  had  been  paid  to 
mechanical  considerations.  The  usual  idea  of  the  coning  was 
to  balance  the  rope;  but,  in  order  to  obtain  sufficient  counter- 
balance, the  slant  of  the  cone  must  needs  greatly  exceed  the  angle 
of  repose.  A  frequent  result  was  a  dangerous  slipping  of  the 
rope.  In  many  instances,  however,  this  tendency  of  the  rope  to 
slip  was  greatly  assisted  (instead  of  being  resisted,  as  ought  to 
have  been  the  case)  by  the  angle  of  the  rope  itself.  Thus,  the 
drum  was  frequently  condemned,  ostensibly  because  its  inclina- 
tion was  too  steep,  but  actually  because  the  lope-line  was  incor- 
rectly adjusted:  otherwise,  the  plain  conical  drum  came  "within 
an  ace  "  of  winning  a  fine  success.  One  object  of  this  paper  is 
to  show  under  what  conditions  it  might  stand  a  chance  of  re- 
gaining favour  with   those   who  still  prefer   a   wide   drum. 

"When  the  conical  drum  is  grooved,  it  is  known  as  a  "  spiral  " 
drum.  The  "  spiral"  may  be  very  much  more  "  open  "  in  some 
cases  than  in  others,  but  the  intention  is  usually  the  same, 
namely,  to  balance  the  rope  by  means  of  the  coning,  and  to 
prevent  it  from  slipping  by  means  of  the  grooving.  This  type 
is  also  waning  in  popular  favour — principally  because  its 
immense  weight  requires  too  much  power  to  overcome  its  inertia. 

Most  "  conical "  drums,  however,  are  but  partly  conical, 
either  the  middle  portion  or  the  end  portions  being  cylindrical. 
In  that  case,  the  rope  should  centre  at,  say,  quarter-drum.  But, 
if  the  tread  is  spiral  throughout,  each  rope  should  centre  on  the 
biggest  diameter  of  the  drum.  If  the  larger  ends  of  the  two 
cones  are  brought  together  to  form  the  drum,  the  ropes  can  centre 
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properly  only  it  the  pulleys  ;ire  in  tandem,  or  practically  so.     If, 

on  the  other  hand,  the  smaller  ends  of  the  cones  come  together 
to  form  a  so-called  "  internal-cone  "  drum,  the  ropes  can  centre 
properly  only  if  the  pulleys  are  spaced  apart  by  a  distance  equal 
to  the  full  width  of  the  drum  (see  Appendix,  under  "  Spacing 
of  Pulleys  "). 

(c)  Kcepe  Pulley, —  This  pulley  and  the  Koepe  system  are  too 
well  known,  by  repute,  to  need  much  description  here.  The 
"  drum  "  in  this  case  is  simply  a  pulley  working  on  the  same 
principle  as  a  "  jig-wheel  "  operating  a  self-acting  incline  under- 
ground, the  "  coil  friction  "  being  limited  to  that  obtainable 
from  the  rope  gripping  half  a  circumference  of  the  wheel.  From 
experience  of  "  jig-brows  "  working  on  such  half-coils,  it  would 
seem,  at  first  sight,  that  there  is  great  danger  of  the  rope  slip- 
ping where  the  Kcepe  system  of  winding  is  employed.  But  no 
balance-rope  is  used  in  the  "  jig-brow  "  or  self-acting  incline, 
whereas  the  Kcepe  system  always  includes  a  tail-rope  under 
cages,  which  makes  all  the  difference.  In  this  country, 
the  Kcepe  system  is  practically  known  only  by  repute  and 
not  experimentally.  In  other  countries,  the  system  is  much 
better  appreciated.  Thus,  in  one  case,  a  Kcepe  pulley,  20  feet 
in  diameter,  is  winding  a  net  load  of  4  tons  from  a  depth  of  920 
feet  at  a  speed  of  33  feet  per  second.  In  another  instance,  a 
similar  pulley,  23  feet  in  diameter,  is  winding  a  net  load  exceed- 
ing 5  tons  (or  210  tons  per  hour)  from  a  depth  of  1,310  feet,  the 
speed  of  winding  being  52  feet  per  second.  In  a  third  case,  the 
pulley  is  21  feet  in  diameter,  the  net  load  4'8  tons,  the  winding 
speed  46  feet  per  second,  and  the  depth  1,G40  feet. 

One  disadvantage  of  the  system  is  that,  as  a  general  rule, 
and  especially  if  the  pit  is  comparatively  shallow,  the  rope  must 
run  without  lubrication ;  otherwise,  the  objections  so  commonly 
urged  have  absolutely  no  weight.  It  is  a  fact,  of  course,  that 
"if"  one  rope  breaks,  both  cages  will  be  precipitated  to  the 
bottom  of  the  shaft.  But  that  is  merely  a  theoretical  "if." 
The  practical  fact  is  that,  for  a  given  load  and  a  given  rope,  the 
factor  of  safety  is  at  least  twice  as  great  in  the  case  of  the  Kcepe 
system  as  it  is  in  the  case  of  any  system  of  wide  drums ;  and 
another  practical  fact  is  that  the  statistics  of  winding  accidents 
tell  in  favour  of  the  Koepe  pulley.  Compared  with  the  wide- 
drum   system,    moreover,   the   capital  cost  is  less,    the  running 
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costs  are  less,  and  the  rope  cost  is  less,  seeing  that  lateral  fric- 
tion is  abolished  (or,  rather,  never  introduced)  by  this  simple 
and  successful  system  of  winding. 

A  certain  amount  of  depth  is  required  for  the  successful 
operation  of  the  Koepe  system,  and  data  are  supplied  in  the 
Appendix  which  enable  one  to  decide  whether,  in  any  given 
case,  the  system  is  that  which  should  be  adopted.  But  there  is 
a  modification  of  the  system  that  is  suitable  for  every  possible 
requirement :    namely,    the   Whiting    system. 

Whiting  System. — The  younger  members  should  note  that 
this  system  of  winding  illustrates  how  easily  a  man  may  assimi- 
late two  or  three  thoroughly  stale  ideas,  and  evolve  a  practically 
new  system  therefrom.  Herein  is  found  the  old  idea  of  Kcepe's — 
the  idea  that  a  light  pulley  may  answer  the  same  purpose  as  a 
heavy  winding-drum,  the  grip  being  obtained  by  friction  alone. 
The  idea,  however,  is  older  than  the  Kcepe  system — it  is  as  old 
as  Hedley  and  Stephenson  and  the  first  steam  locomotive.  In  the 
Koepe  and  in  the  Whiting  systems  it  is  the  rope  that  is  trans- 
lated through  space  by  means  of  the  friction  which  it  meets  on 
the  wheel.  In  the  locomotive  system  it  is  the  wheel  that  is  trans- 
lated through  space  by  means  of  the  friction  which  it  encoun- 
ters on  the  rail  (or  rope).  There  is  the  same  connexion  between 
the  Koepe  pulley  and  the  Hedley  lccQinctive  as  there  is  between 
a  screw-propeller  and  an  anemometer,  between  a  centrifugal 
pump  and  a  reaction-turbine,  or  between  a  dynamo  and  a  motor, 
except  that  the  Kcepe  pulley,  as  compared  with  the  locomotive 
wheel,  affords  a  larger  arc  of  frictional  contact. 

The  Whiting  system  merely  carries  the  Kcepe  idea  and  the 
locomotive  analogy  a  little  farther.  The  Koepe  system  has  one 
wheel  only;  the  locomotive  has  several.  The  Whiting  system 
employs  more  than  one  wheel ;  hence  the  arc  of  frictional  contact 
is  magnified.  But  in  common  locomotive  practice,  since 
Stephenson's  day,  it  is  recognized  that,  in  order  to  obtain  ade- 
quate wheel-grip  on  the  rails,  the  wheels  must  be  so  coupled 
that  one  cannot  slip  unless  all  slip  together.  Therefore,  the 
Whiting   system  also   couples  its   wheels   for  the   same  reason. 

Actually,  there  are  two  grooved  pulleys  placed  practically  in 
tandem.  The  pulley  nearer  the  pit  has  one  more  groove  than 
the  pulley  behind  it.     The  number  of  grooves  vary  as  the  cir- 
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cunistances  of  each  case  may  require.  Assuming  thai  there  are 
rive  grooves  on  the  front  pulley,  then,  clearly,  five  grooves  on 
one  pulley  constitute  precisely  the  same  mechanical  arrange- 
ment as  five  separate  pulleys  all  firmly  keyed  on  (lie  same  shaft. 
Assuming  that  the  hack  pulley  has  four  grooves,  then  that 
pulley  represents  four  more  wheels  keyed  on  t lie  second  shaft. 
Finally,  connect  the  five-grooved  pulley  and  the  four-grooved 
pulley  by  a  side-rod,  as  in  the  case  of  a  locomotive,  and  the 
mechanical  result  is  a  nine-wheel  couple.  Such  a  eoupling-up 
gives  an  immunity  from  risk  of  slip  far  greater  than  that  pos- 
sessed by  any  locomotive  engine  :  first,  because  the  number  of 
wheels  coupled  is  greater,  and,  secondly,  because  the  arc  of 
frictional  contact  furnished  by  each  wheel  of  the  series  is  many 
times  greater  than  that  furnished  by  each  wheel  of  the  locomo- 
tive as  it  makes  frictional  contact  with  the  flat  rail.  It  should, 
therefore,  be  clearly  seen  that  the  conditions  required  to  effect 
slip  of  the  rope  under  the  Whiting  system  belong  to  those 
fantastic  conditions  which  are  so  easily  conceivable  in  speeula- 
tive  theory,  but  quite  impossible  in  actual  practice.  Thus,  with 
a  pair  of  drums,  provided  with  four  and  five  grooves  respectively, 
ihf  grooves  being  in  plain  unlined  forged  iron,  and  the  wire 
rope  being  perfectly  lubricated,  it  is  not  possible  for  the  ropes  to 
slip  unless  the  tension  in  one  is  at  least  six  times  as  great  as 
the  tension  in  the  other  (see  the  note  on  "  Coil  Friction  "  in  the 
Appendix). 

The  last  old  idea  incorporated  in  the  modern  Whiting  system 
is  that  of  employing  a  tension-carriage  such  as  that  which  is 
familiar  to  anyone  acquainted  with  underground  haulage  by 
endless  rope.  Under  the  Whiting  system,  therefore,  in  normal 
work,  there  can  never  be  any  slack  rope  with  its  attendant  evil 
effects  (see  Appendix).  On  the  other  hand,  by  moving  the  ten- 
sion-carriage, slack  rope  can  be  paid  out  as  required — say,  when 
the  engineman's  marks  need  readjustment,  or  when  the  winding- 
ropes  are  to  be  recapped.  In  this  country,  as  a  general  rule,  it 
would  be  sufficient  if  the  run  of  the  bogie  were  long  enough  to 
satisfy  the  purposes  noted.  But  in  other  countries  the  bogie 
may  have  a  run  of  hundreds  of  feet,  and  may  be  moved  from 
one  position  to  another,  according  as  it  is  desired  to  wind  from 
one  or  other  of  the  different  levels  in  the  shaft.  Such  a  require- 
ment as  that  of  shortening  the  ropes  in  the  shaft  by  1,000  or 


360 


THE  WINDIXG-DRCMS   OF  PRACTICE  AND  OF   THEORY. 


more  feet,  and  at  a  few  minutes'  notice,  does  not  exist  in  British 
practice;  but  the  fact  that  this  is  done  elsewhere,  and  in  con- 
nexion with  shafts  5,000  (or  more)  feet  deep,  furnishes  a  remark- 
ably fine  proof  of  the  elasticity  possessed  by  this  system. 

To  apply  the  tension  principle  to  British  requirements,  all 
that  would  usually  be  necessary  might  be  a  sufficiently  massive 
weight  slung  in  a  "  staple,"  or  blind  pit,  behind  the  engine- 
room.  Such  a  weight  need  not  be  unduly  large — it  might  be 
secured  in  position  for  the  time  being  by  clamps  or  catches,  and 
might  be  easily  raised  or  lowered  as  required  by  a  simple  appli- 
cation of  hydraulic  force. 


Fig.  1. — Whiting  Winding-engine. 


Thus,  with  one  exception,  every  objection  against  the  Koepe 
system  is  met  fully  by  the  Whiting  arrangement.  The  one  ex- 
ception is  the  purely  theoretical  objection  already  mentioned — 
that  if  the  rope  breaks,  both  cages  will  go  to  the  bottom.  It 
has  already  been  pointed  out  that  the  Koepe  system  includes 
none  of  those  principal  factors  which,  in  ordinary  systems,  wear 
and  tear  and  fatigue  and  strain  the  rope  to  dangerous  limits ;  and 
the  same  immunity,  or  comparative  immunity,  from  inborn 
"  mechanical  disease"  is  found  in  the  Whiting  system. 

Thus  far,  the  writer  has  taken  for  granted  that  most  of  the 
members  are  familiar  with  the  Whiting  system.  It  is  probable, 
however,  that  many  of  those  to  whom  these  remarks  are  par- 
ticularly addressed  may  not  be  acquainted  with  it.  An 
attempt  will,  therefore,  be  made  to  illustrate  its  main  features. 
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In  Fig.  1,  which  is  a  general  view  of  a  pair  of  Whiting  dr 
with  their  engine,  the  front  drum  A,  which  is  nearest  the 
and  the  back  drum 
//,  are  seen  with- 
out the  rope,  and 
the  grooving  of 
each  is  exposed  to 
view.  These 

grooves  are  not  in 
screw  form,  like 
those  sometimes 
seen  on  a  parallel 
drum  of  the  wide 
type,  but  on  each 
drum  are  perfectly 
parallel  one  to  the 
other,  and  each  in- 
dividual groove  k 
practically  a  dis- 
tinct individual 
grooved  pulley. 
One  rope  from  the 
pit  comes  on  to  the 
under  side  of  the 
front  drum  A,  and 
into  the  first 
groove.  Thence  it 
passes  in          a 

straight  line  to 
the  first  groove  on 
the  under  side  of 
the  back  drum  B. 
If  the  first  groove 
on  the  back  drum 
were,,  for  its  entire 
circumference,  in 
the  same  vertical 
plane  as  the  first 
groove  on  the 
front   drum,    it   is 


urns 
pit, 
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clear  that  on  coming'  to  the  top  of  the  first  groove  on  the  back 
drum  the  rope  would  lead  straight  back  again  to  the  first  groove 

on  the  front  drum. 
Therefore,  one  or  other 
of  the  drums  must  be 
canted  a  little  in  order 
that  the  rope  at  the  top 
of  the  first  groove  in 
the  back  drum  may 
have  a  straight  lead  to 
the  second  groove  in  the 
front  drum.  Hence, 

whilst  the  plane  of  one 
wheel  is  always  ver- 
tical, the  plane  of  the 
other  is  inclined  from 
the  vertical  by  the 
width  of  one  groove. 
Thus,  if  the  diameter  of 
the  wheel  be  15  feet  and 
the  width  of  the  groove 
2  inches,  the  inclina- 
tion from  the  vertical, 
in  the  case  of  one  drum, 
will  be  2  inches  in  15 
feet,  or  1  in  90. 

In  the  foreground  of 
the  illustration  will  be 
seen  the  two  disc- 
cranks connected  by  a 
side-rod,  as  in  the  case 
of  the  wheels  of  a  loco- 
motive. The  end  of  the 
similar  parallel  rod  con- 
necting the  disc-cranks 
at  the  other  side  of  the 
engine  may  also  be  seen 
in  the  same  figure. 
Owing  to  the  slightly 
inclined  position  of  one 
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of  the  drums,  these  parallel  rods  are  made  to  a  special  design,  so 

as  to  avoid  any  risk  of  binding;  but  their  effect  is  to  make  both 
drums  driving  drums,  each  subject  to  the  direct  control  of  the 
engine. 

Figs.  2  and  3  show  by  plan  and  elevation  the  engines,  drums, 
and  ropes  complete,  the  rope  at  A  leading  off  to  the  pit,  and  that 
at  B  leading  back  to  the  return  sheave  on  the  tension  bogie. 
It  will  be  noted  that  the  post-brakes  engage  one  drum  only,  the 
brake-effect  being  transmitted  to  the  other  drum  through  the 
connecting-rods. 

Walker  Differential  Dram. — Just  as  the  Whiting  system,  in 
its  original  shape,  improved  on  the  Kcepe  arrangement  by  pro- 
viding a  more  effective  frictional  grip  on  the  rope,  so  the  Walker 
differential  drum  improves  on  the  original  Whiting  system  by 
providing  the  means  of  avoiding  any  unequal  strains  following 
on  that  firmer  grip.  In  fact,  it  might  very  justly  be  stated  as  a 
proposition,  in  terms  of  the  "rule  of  three"  that — as  the  fuse 
is  to  the  electrical  circuit,  so  is  the  differential  drum  to  the 
Whiting  system.  A  similar  analogy  would  be  afforded  by  the 
safety-valve  on  a  steam-boiler. 

In  the  original  Whiting  system  the  grooves  were  turned  on 
the  solid  drum.  It  was  found,  however,  that  the  grooves  wore 
unequally,  as  might  have  been  anticipated  by  anyone  who  has 
experienced  the  effect  of  winding  several  turns  of  thread  on  a 
bandage  placed  round  an  injured  finger.  The  result  was  that, 
in  course  of  time,  each  coil  of  rope  wound  on  a  slightly  different 
diameter  from  the  others.  The  effect  was  to  put  great  strains  on 
the  rope,  as  may  be  easily  appreciated  by  imagining  a  locomotive 
the  driving  wheels  of  which  at  opposite  ends  of  the  fast  axle  were 
•of  different  diameters.  But,  since  the  grip  of  the  rope  on  each 
groove  of  the  drum  is  vastly  greater  than  the  grip  of  the  loco- 
motive wheel  on  the  straight  rail,  the  strains  effected  in  the  case 
of  the  rope  were  correspondingly  greater  than  any  strains  con- 
ceivably effected  in  the  case  of  the  imaginary  locomotive  just 
described. 

Once  more,  a  comparatively  stale  idea  suggested  the  remedy. 
The  Walker  differential  pulley,  although  largely  used  in  systems 
of  endless-rope  haulage  in  the  Midlands,  is  not,  perhaps,  so  well 
known  in  the  North  of  England — at  any  rate,  not  amongst  that 
particular  class  of  men  for  whom  this  paper  is  written.     In  this 
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arrangement,  the  cast-iron  body  of  the  pulley  is  first  made;  then 
each  groove  is  formed  in  a  separate  loose  ring  of  forged  iron. 
The  relative  diameters  of  the  solid  pulley  and  the  grooved  ring 
are  such  that  the  ring  slides  easily  on  the  surface  of  the  pulley. 
The  requisite  number  of  rings  having  been  placed  on  the  drum 
or  pulleys  a  covering  plate  is  provided  to  hold  them  in  place.  In 
order  to  prevent  cutting,  and  also  to  facilitate  the  slipping  of 
the  rings  on  the  surface  of  the  drum,  provision  is  made  for  the 
periodical  lubrication  of  the  bottoms  and  sides  of  the  rings.  The 
friction  of  one  ring  against  the  other,  and  of  all  together  on  the 
surface  of  the  cast-iron  drum  beneath,  is  sufficient  to  transmit 
all  the  power  that  the  rope  itself  will  carry.  But,  since  each  ring 
is  free  to  rotate  on  the  drum,  the  various  tensions  in  the  several 
coils  of  rope  are  equalized  automatically  and  continuously : 
because  it  is  clear  that  the  smooth  surface  at  the  under  side  of  the 
grooved  ring  will  slip  on  the  plain  surface  of  the  drum,  before 
the  rougher  rope  can  slip  in  the  grooved  channel  in  which  it  lies. 

The  coefficient  of  friction  is  found,  in  practice,  to  vary  from 
008  to  0"12,  and  it  thus  follows  (see  Appendix)  that,  under  the 
most  extreme  conditions,  the  number  of  grooves  per  drum  need 
not  exceed  five  or  six. 

Instances  might  be  quoted  from  foreign  and  colonial  practice, 
but  it  will  be  of  more  interest  to  compare  the  teaching  of  that 
practice  with  the  orthodox  teaching  of  the  best  British  text- 
books. British  rope-makers  recommend  that  the  diameters  of 
drums  should  be  from  120  to  150  times  the  diameter  of  the  rope, 
and  they  are  upheld  in  this  by  nearly  every  mining  text-book. 
The  writer  believes  in  diameter  per  se,  but  it  cannot  be  considered 
altogether  apart  from  other  important  factors  of  the  entire  wind- 
ing problem.  Experience  abroad  with  the  TVhiting  system 
shows  that  it  is  sufficient  to  make  the  diameter  of  the  drum  from 
85  to  95  times  that  of  the  rope. 

Orthodox  British  practice  makes  the  nominal  factor  of  safety 
10,  which  the  compulsory  use  of  keps  promptly  reduces  to  an 
actual  factor  of  3.  Men  using  the  Whiting  system  find  that  a 
nominal  factor  of  fi  is  ample,  and,  since  no  keps  are  used,  the 
actual  factor  does  not  fall  below  4.  It  may  be  of  interest  to  show 
by  an  illustration  how  the  systems  contrast  when  applied  to  a 
given  case. 

Let  it  be  assumed  that  a  mine  is  1,000  yards  deep,  that  10 
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tons  of  coal  are  to  be  raised  per  wind,  that  the  tubs  to  carry  this 
weight  of  coal  weigh  4  tons,  and  the  cage  and  chains  8  tons ;  that 
the  ropes  are  ol  good  plough-steel  wire,  of  six  strands,  and  of  the 
flattened-strand  type,  with  tail-ropes  of  equal  weight  under  the 
cages;  that  the  engines  give  a  useful  effect  of  50  per  cent., 
reckoned  on  the  dead  load;  and  that  the  mean  effective  pressure 
of  steam  is  GO  pounds  per  square  inch.  Then,  making  the  stroke 
of  each  engine  equal  to  twice  the  diameter  of  the  cylinder,  the 
plants  dictated  by  the  orthodox  text-book  method  on  the  one 
hand  and  by  the  modern  Whiting  system  on  the  other  are  con- 
trasted in  Table  I. 

Table  I.     Comparison  between  the  Orthodox  Text-book  System 
and  the  Modern  Whiting  System. 


Circumference  of  rope,  in  inches    ... 
Weight  of  ropes  in  use,  in  tons 
Nominal  factor  of  safety 
Actual  factor  of  safety 
Diameter  of  drums,  in  feet  ... 
Lateral  travel  of  each  rope,  in  feet 
Moment  of  dead  load,  in  foot-tons  ... 
Diameter  of  each  cylinder,  in  inches 
Length  of  stroke,  in  inches 

The  orthodox  drum  would  be  more  than  27^  feet  in  diameter 
if  built  according  to  the  usual  text-book  method,  but  the  writer 
has  taken  the  more  moderate  rule  given  by  Prof.  Latham,  which, 
starting  with  a  10-foot  drum  for  a  rope  1  inch  in  circumference, 
adds  0  inches  to  the  diameter  of  the  drum  for  each  quarter-inch 
increase  in  the  circumference  of  the  rope. 

The  Whiting  drums  for  this  work  would  do  very  well  with 
three  grooves  on  the  front  drum  and  two  on  the  back  drum,  and 
the  grip  on  the  rope  thus  afforded  would  be  ample,  so  long  as 
accelerations  were  limited  to  6  or  7  feet  per  second  per  second, 
which  assesses  the  coefficient  of  friction  at  the  low  value  of 
008.  It  has  been  assumed,  however,  that  there  are  really  four 
grooves  on  the  front  drum  and  three  on  the  other,  in  which  case 
no  risk  of  slip  could  arise  until  the  tension  on  one  rope  was  four 
times  greater  than  that  on  the  other — that  is,  until  the  rate  of 
acceleration  exceeded  15  feet  per  second  per  second,  which  would 
be  quite  impossible  in  view  of  the  engine-power  available.     Such 


<  Mthodox 

Text-book  system, 

with  kei>s. 

9| 

72 

Modern 

Whiting  system, 
without  keps. 

22 
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accelerations  cannot  occur  where  keps  are  dispensed  with ;  whilst, 
if  keps  are  in  use,  they  can  obtain  only  for  the  moment  during 
which  the  engine  is  winding  any  slack  chain  that  may  have  been 
deposited  on  the  top  of  the  lower  cage.  Then  comes  the  sudden 
jerk  which  is  so  great  a  boon  to  the  rope-manufacturers,  and  with 
the  immense  drums  which  they  all  recommend,  this  can  hardly 
be  avoided  by  any  engineman  framed  on  merely  human  lines. 

The  last  sentence  furnishes  some  explanation  why,  as  stated 
in  Table  I.,  the  orthodox  system  obtains  an  actual  factor  of 
safety  of  .about  3  out  of  its  nominal  factor  of  10,  and  why  the 
other  system,  starting  with  a  nominal  factor  of  40  per  cent,  less, 
extracts  from  that  an  actual  factor  30  or  40  per  cent,  greater  than 
the  factor  of  safety  of  the  orthodox  system.  That  is  the  effect  on 
safety ;  the  effect  on  rope-costs  (as  explained  in  the  Appendix) 
may  be  judged  from  the  figures  in  the  second  line  of  the  table, 
which  show  that  (apart  from  the  tail-ropes,  which  may  be  only 
old  winding-ropes),  the  safer  system  works  with  considerably 
less  than  a  quarter  of  the  weight  of  winding-rope. 

The  engines  are  supposed  to  be  of  the  double-horizontal  type. 
The  diameters  and  lengths  of  stroke  may  be  varied  from  those 
stated  in  the  table ;  but,  all  other  things  remaining  equal, 
the  relative  volumes  of  the  cylinders  will  remain  in  the  same 
proportion  as  that  shown  in  the  table — that  is,  the  total  volume 
of  the  orthodox  cylinders  must  be  at  least  TO  per  cent,  greater 
than  that  of  the  Whiting  engines  working  under  precisely  the 
same  steam-pressure. 

The  difference  may  be  stated  in  another  way.  If  the  Whiting 
engine  be  made  of  the  same  dimensions  as  the  other,  a  mean 
effective  steam-pressure  of  35  pounds  would  be  ample  as  against 
the  60  pounds  required  for  the  other  engine. 

The  case  of  a  deep  pit  has  been  purposely  chosen,  because  it 
has  been  stated,  and  by  writers  who  ought  to  have  known  better, 
that  these  endless-rope  systems  of  winding  are  "  obviously  " 
impracticable  where  the  depth  is  great.  Such  a  statement  is 
the  exact  opposite  of  the  fact,  because,  for  a  given  load,  the 
suitability  of  the  endless-rope  system  increases  with  the  depth, 
since  the  increasing  weight  of  the  ropes  continually  reduces  the 
ratio  of  the  weight  on  the  loaded  side  to  that  on  the  other. 

Supposing,  as  is  usually  granted,  that  the  original  Koepe 
pulley  (wood-lined)  gives  the  numerical  value  of  the  coefficient 
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of  friction  at  0'2,  a  simple  wheel  even  of  that  primitive  kind 
would  suffice  to  do  the  winding  in  the  above  case.  It  is  true  that 
such  a  wheel  would  be  incapable  of  accelerating  the  speed  of  the 
10-ton  load  at  a  greater  rate  than  3  or  4  feet  per  second  per 
second.  But  such  an  acceleration,  in  a  pit  of  this  depth,  would 
be  more  than  sufficient,  and  would  easily  permit  the  whole  1,000- 
yard  wind  to  be  completed,  if  desired,  in  much  less  than  one 
minute  :  because,  although  one  could  not  count  on  a  greater  rate 
of  acceleration  than  that  named,  the  rate  of  retardation  possible 
towards  the  end  of  the  wind  might  be  anything  not  exceeding 
12  or  13  feet  per  second  per  second.  This  case  is  shown  in  the 
Appendix  to  be  consistent  with  accepted  theory.  Since  the 
Whiting  system  gives  any  margin  for  which  the  most  timid 
people  may  wish  to  ask,  there  is  no  necessity  to  adopt  strictly  the 
Kcepe  system,  if  such  adoption  entails  any  possibility  of  "  sailing 
near  the  wind."  The  Whiting  method  may  be  arranged,  in  any 
case,  to  "  sail  "  at  whatever  distance  from  "  the  wind  "  the 
circumstances  of  the  case,  or  the  temperament  of  the  engineer, 
may  dictate  as  desirable. 

Considering  that  so  excellent  a  remedy  against  lateral 
friction  is  thus  already  provided  by  the  Whiting  system,  it 
appears  to  be  almost  a  work  of  supererogation  to  enquire  for 
anything  further.  The  fact  remains,  however,  that  many  min- 
ing men,  perhaps  even  the  majority  of  them,  still  appear  to 
favour  the  wide  rather  than  the  narrower  drum.  It  would  also 
appear  that,  as  between  the  different  types  of  wide  drum,  the 
parallel  form  is  in  much  greater  favour  than  the  conical  shape. 
Hence,  attempts  have  been  made  to  remove  its  faults  without 
altering  its  shape. 

Morgan  Traversing  Drum. — This  type  of  drum  represents  an 
attempt  in  this  direction.  It  is  a  plain  parallel  drum,  which 
may  be  20  or  more  feet  wide,  but  any  lateral  friction  of  the  ropes 
is  avoided  by  traversing  both  drum  and  engines  from  one  side 
of  the  engine-house  to  the  other  during  the  course  of  the  wind. 
The  plant  is  mounted  on  a  carriage  fitted  with  wheels,  and  run- 
ning on  a  line  of  rails  placed  at  right-angles  to  the  line  of  the 
rope.  The  lateral  travel  is  effected  by  means  of  worm-screws 
which,  during  each  revolution,  move  the  engines  and  drum 
laterally  through  a  distance  equal  to  the  diameter  of  the  rope. 
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The  rope-line  is  thus  always  in  the  plane  of  the  pulley,  and 
lateral  friction  is  abolished.  The  arrangement  is  ingenious 
enough,  but  it  has  already  been  shown  that  there  are  other 
systems  which  attain  the  same  object  by  less  cumbrous  means. 

Travelling  Guide-pulley . — A  pulley  of  this  description  has 
also  been  used  by  which  lateral  friction  of  the  ropes  on  the  drum 
is  exchanged  for  the  less  destructive  rolling  friction  at  the  guide- 
pulley.  A  pair  of  pulleys  mounted  in  the  same  frame,  and  in 
the  same  plane,  at  a  little  distance  from  the  drum,  enclose  the 
rope  between  them.  The  frame,  with  its  pulleys,  is  traversed 
across  the  drum  during  the  course  of  the  wind,  and  at  such  a 
rate  that  one  or  other  of  the  guide-pulleys  always  takes  the  lateral 
pressure  of  the  angled  rope,  and  continually  guides  the  rope, 
without  spread  and  without  lateral  friction,  into  its  proper  posi- 
tion on  the  drum.  If  the  solution  of  the  problem  is  to  be  obtained 
by  any  kind  of  traversing  machinery,  it  certainly  seems  prefer- 
able to  traverse  such  a  pair  of  light  pulleys  across  the  drum,  than 
to  traverse  many  tons  of  machinery  across  the  engine-house  as 
previously  described. 

Such  are  some  of  the  shifts  employed  to  maintain  the  wide 
parallel  drum  in  favour,  rather  than  adopt  any  system  of  end- 
less-rope winding  with  its  narrower  drum,  or  any  spiral  or 
conical  drum  with  its  compensating  features.  It  is,  of  course, 
quite  easy  to  understand  the  general  objection  to  an  80-ton  spiral 
drum.  But,  leaving  out  of  account  any  endless-rope  system  of 
winding,  it  is  not  so  easy  to  agree  that  the  only  alternative  is  to 
employ  the  truly  parallel  reel,  either  with  or  without  the  tra- 
versing arrangements  just  described.  The  parallel  drum,  more- 
over, possesses  an  additional  and,  perhaps,  still  more  serious 
fault,  which  no  such  traversing  machinery  can  modify,  and  this 
will  be  referred  to  in  due  course.  In  the  meantime,  it  appears 
to  the  writer  that  in  this,  as  in  other  matters,  there  must  be  some 
sort  of  "  happy  mean  "  if  one  really  cares  to  search  for  it.  One 
way  of  looking  for  it,  and  a  probable  way  of  finding  it,  is  to 
examine  the  popular  plain  parallel  drum,  locate  and  analyse  its 
mechanical  faults,  and  see  what  these  suggest  as  suitable 
mechanical  remedies.  If  this  be  done,  it  will  be  found  that  all 
such  remedies  appear  to  exist  in  a  plain  ungrooved  drum  tapered 
in  conformity  with  easily-understood  principles. 
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Centering  the  Ropes. — Taking  the  case  of  the  loaded  rope,  if  it 
be  centred  at  the  beginning  of  the  wind,  there  will  be  lateral 
friction  from  one  end  of  the  journey  to  the  other. 

If  it  be  centred  at  the  end  of  the  wind  (an  almost  impossible 
condition  for  a  plain  parallel  drum),  there  will  be  no  lateral  fric- 
tion, but  the  rope  will  slip  on  the  drum-surface,  coil  diagonally 
across  the  drum,  and  waste  much  drum-space. 

If,    finally,    the   rope  is    centred    for   middle  wind  or  there- 

abou^ .  ;t    "m      m  (a)         (b) 

spread  during  the 
first  half,  and 
suffer  lateral  fric- 
tion during  the 
second  half  of  the 
wind.  The  result 
is  shown  dia- 
grammatically  by 
Fig.  4,  in  which 
each  rope,  in- 
tended to  centre 
at  middle  wind, 
really  centres  at 
"  quarter  -  drum." 
This  point  of 
quarter-drum,  of 
course,  would 

coincide  with  the 
point  of  midd]e 
windj  if  the  rope 
coiled  evenly  from 
(a)  to  (b).  But 
owing  to  "spread" 
at  (a)  and  (c),  drum-space  is  lost,  and  the  ultimate  effect  of  the 
spread  at  (a)  is  to  shift  the  point  F  farther  along  the  drum,  thus 
magnifying  the  angle  of  maximum  friction  which  obtains  at  the 
end  of  the  wind. 

Hence,  wherever  the  centre-lines  be  arranged,  there  will  be 
either  slip,  or  spread,  or  lateral  friction,  if  the  drum  be  parallel 
and  plain ;  and  none  of  these  factors  can  be  diminished  except 
at  the  expense  of  magnifying  another. 


Fig.  4.— Plain  Parallel  Drum,  showing  how  Slip 
and  Spread  at  (a)  increase  Friction  at  (b). 
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Balancing  the  Load. — A  further  objection  is  that  the  load 
against  the  engine  cannot  be  made  anything  like  uniform  where 
a  parallel  drum  is  used.  Certainly,  the  dead  load  may  be  made 
uniform  by  placing  a  tail-rope  under  the  cages  ;  but  the  live 
loads  are  scarcely  affected,  unless  the  tail-ropes  are  much  heavier 
than  the  winding-ropes.  There  are  two  difficulties  attaching 
to  the  latter  method.  First,  the  specially-designed  tail-rope 
would  greatly  increase  the  cost  of  the  rope,  since  the  ordinary  tail- 
rope  may  consist  of  a  disused  winding-rope ;  and,  secondly,  it 
would  add  to  the  inertia  of  the  mass  that  has  to  be  put  into 
motion.  This  inertia,  even  in  the  ordinary  case,  absorbs  a  sur- 
prising amount  of  power — whether  the  parallel  drum  be  used  in 
connexion  with  the  "  orthodox  "  system,  or  in  connexion  with 
the  endless-rope  system  of  winding.  Thus,  in  the  system  of 
ordinary  winding  shown  in  the  first  column  of  Table  I.,  and, 
assuming  an  acceleration  of  about  2|  feet  per  second  at  the  be- 
ginning of  the  wind,  and  an  equal  rate  of  retardation  at  the  end 
of  the  journey,  the  live  load  against  the  engine  at  the  start  is 
practically  double  the  dead  load  of  10  tons,  whilst,  during  re- 
tardation, the  load  becomes  practically  nil.  The  live  load  is 
equal  to  the  dead  load  only  during  that  period  (if  any)  of  the 
wind  when  the  speed  is  uniform.  At  all  other  points  it  is  greater 
or  less,  owing-  to  the  inertia  of  the  moving  parts. 

It  is  submitted,  therefore,  that  the  parallel  drum,  wide  or 
otherwise,  and  with  or  without  tail-ropes  in  the  shaft,  is  a  drum 
which  severely  stresses  the  engine  by  obliging  it  to  do  nearly  all 
the  work  of  the  wind  during  the  period  of  acceleration  only. 

There  are  thus  four  distinct  faults  in  connexion  with  the 
plain  wide  parallel  drum  :  — (1)  The  tendency  of  the  rope  to  slip 
along  the  surface;  (2)  the  spreading  of  the  rope,  as  at  (a)  and  (c) 
in  Fig.  4;  (3)  the  lateral  friction,  as  illustrated  at  F  in  the  same 
sketch  :  and  (4)  the  bad  balancing  of  the  live  loads  against  the 
engine.     These  items  may  be  taken  one  by  one. 

(1)  Why  does  the  rope  slip  ?  Simply  because  the  surface  of 
the  (hum  is  not  normal  (that  is,  perpendicular)  to  the  line  of 
pressure  contained  in  the  rope.  This  line  of  pressure,  due  to  the 
gravity  of  the  load  in  the  shaft,  becomes,  practically,  and  so  far 
as  t lie  resistance  of  the  drum  is  concerned,  the  line  of  gravity 
itself.  The  centre  of  gravity  (again  so  far  as  the  pull  on  the 
drum  is  concerned)   is   at  the  pulley.     A    normal  line  on   any 
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(a) 


(b) 


(c) 


winding-drum,  therefore,  corresponding-  to  the  line  of  dead 
"  level,"  is,  for  each  rope  haying  lateral  travel,  the  arc  of  a  circle 
the  centre  of  which  is  at  the  pulley,  and  the  successive  radii 
vectoivs  of  which  are  contained  in  the  rope  as  it  takes  up  its 
successive  positions  along*  the  drum. 

The  winding-drum  of  theory,  therefore,  has  a  surface  in- 
clined to  the  axis  and  curvilinear,  for  exactly  the  same  reason 
that  every  horizontal  plane  on  the  earth  is  spherical.  The 
"  pulls  "  in  each  case 
radiate  from  a  com- 
mon centre,  which, 
in  the  case  of  the 
earth,  is  situated  at 
the  centre  of  terres- 
trial gravity,  and,  in 
the  case  of  the  wind- 
ing-drum, is  found  at 
the  pulley. 

If,  therefore,  the 
ropes  centre  at  mid- 
wind  (as  shown  in 
Fig.  4),  the  theor- 
etical drum  surface 
for  each  rope  assumes 
a  barrel-shape,  as 
shown  in  Fig.  5,  in 
which,  however,  the 
curvature  is  sharper 
than  that  which 
would  be  required  in 
most        cases.  This    Fig.  5.  — Showing  Drum  Surface  normal  to  Radii 

Vectores  of  Ropes  Centering  at  Mid-wind. 
merely      defines     the 

theoretical  drum  required  to  prevent  actual  slip  of  the  ropes 
at  (a)  and  (c).  But  since,  with  centres  at  middle  wind,  slipping 
at  (b)  is  prevented  by  lateral  friction  at  F,  the  drum  may  be 
made  parallel  at  (b),  and  thereafter  slope  down  gently  to  (a)  and 
(c),  still  centering  the  ropes  at  middle  wind. 

This  theoretical  form  may  be  called  the  "  barrel-drum  "  ;  it  is 
only  efficient  to  prevent  the  rope  from  actually  slipping,  and  it 
effects  that  purpose  quite  naturally,  because  its  surface  is  every- 
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where  normal  to  the  pressure  exerted  along  the  radius  vector  of 
the  rope. 

(2)  But.  whilst  preventing  slip,  it  does  nothing  to  prevent 
spread.  The  rope  still  will  strike  diagonally  across  the  drum, 
and  finally  coil  diagonally. 

Nevertheless,  the  surface  having  already  been  "  levelled,"  in 
order  to  remove  the  risk  of  slip  in  one  direction,  it  becomes  evi- 
dent that  it  is  possible  so  to  incline  the  surface  of  the  drum  that 
the  rope  will  slip  gently  in  the  opposite  direction,  and  thus  con- 
tinually take  up  the  position  desired.  That  this  is  quite  feasible 
should  be  evident  from  the  plain  conical  drum  which  was  in  many 
cases  discarded  because  the  rope  slipped  too  much. 

When,  however,  the  idea  of  fully  counterbalancing  the 
weight  of  the  rope  by  such  means  alone,  and  under  all  conditions, 
however  grotesque,  is  once  given  up  as  impracticable,  it  is 
reasonable  to  ask  whether  one  cannot  accomplish  the  far  less 
formidable  task  of  counterbalancing  the  angle  of  the  rope  by 
some  such  means.  The  failure  of  the  plain  conical  drum  was 
often  due  entirely  to  the  fact  that  those  in  charge  so  centred 
their  ropes  that  the  rope-angle  and  the  drum-inclination  both 
pulled  in  the  same  direction.  But  there  is  really  no  reason  why 
the  angle  of  the  rope,  exerting  force  in  one  direction,  should 
not  be  easily  and  accurately  compensated  by  an  angle  on  the 
drum  exerting  force  in  the  opposite  direction. 

In  that  event,  the  rope  would  still  strike  diagonally  across 
the  top  of  the  drum,  but  would  certainly  refuse  to  climb  the 
back  of  the  drum,  provided  that  the  angle  of  inclination  was 
at  least  equal  to  the  angle  of  repose.  The  angled  rope  would 
continually  settle  into  its  proper  position  at  the  back  of  the  drum, 
simply  because  that  is  now  the  lowest  position,  which,  relatively 
to  the  line  of  pressure,  the  loaded  rope  can  possibly  occupy.  It 
cannot  spread,  because  that  would  mean  climbing  up  its  angle 
of  repose,  neither  can  it  mount  the  coil  immediately  below,  since 
that  would  be  climbing  a  still  steeper  angle,  and  an  angle,  more- 
over, the  negotiation  of  which  by  the  rope  is  absolutely  opposed 
by  the  entire  line  of  pressure  contained  in  the  rope. 

With  regard  to  the  measurement  of  the  angle  of  repose,  it 
must  be  noted  that  the  datum-line  lies  in  the  surface  of  the 
theoretical  barrel-drum.  This  line  is  always  normal  to  the  line 
of  pressure;  and,  like  the  level  line  of  nature,  is  a  curved  line 


1111.   WINDING-DRUMS  OF  PRACTICE  AND  OF  THEORY. 


378 


in  which  all  points  are  equidistant  from  the  centre  of  gravity. 
To  illustrate  this,  it  may  be  imagined  that  in  Fig.  6,  the  circle 
A-B-C  represents  a  level  line  produced  through  a  complete  cir- 
cumference in  the  earth's  crust.  The  inner  black  line  a  b  c  may 
be  imagined  as  a  tunnel,  started  from  the  point  a,  and  continued 
half-way  round  the  earth  at  a  uniform  dip  of  about  1  in  4.  Both 
lines  are  curved  lines.  Similarly,  the  actual  inclination  of  the 
drum,  relatively  to  the  curved  surface  of  the  theoretical  barrel, 
may  be  plotted  in  like  manner  (see  Appendix).  In  most  cases, 
however,  there  will  be  no  occasion  to  split  very  fine  hairs  over 
the  matter.  As  the  arcs  are  very  small  compared  with  the  radius, 
they    differ    little    from  LIN£. 

straight  lines,  and  may  *£i*^ 

often  be  taken  as 
straight  lines  the  inclin- 
ations of  which  are  de- 
termined by  the  arcs. 
Moreover,  the  angle  of 
inclination  need  not  be 
very  precise :  it  must  be 
large  enough  to  satisfy 
the  angle  of  repose,  al- 
though not  so  large  as 
to  overbalance  the  live 
loads  to  an  undesirable 
degree ;  but  it  may  have 
almost    any    magnitude  FlG-  6.— Showing  that  a  "Level"  Line  is 

-      .  ,  1  REALLY   A   CIRCULAR   ARC,    AND   A   "  UnI- 

lymg  between  those  two  form  Gradient"  really  a  Spiral. 

limits.        Of  course,   in 

some  instances,  these  limits  may  approximate  very  closely,  es- 
pecially if  the  drums  be  comparatively  small ;  but  the  difficulties 
herein  discussed  are  found  principally  in  connexion  with  the 
larger  plants. 

Now,  it  may  be  admitted  that  all  this  will  lead  one  back, 
step  by  step,  to  the  plain  ungrooved  tapered  drum  which  appears 
to  have  come  into  almost  general  disfavour.  Yet,  in  some 
instances,  this  very  type  of  drum  is  still  employed  with  excellent 
results.  The  object  of  now  groping  one's  tedious  way  through 
the  elementary  theory  of  the  subject  is  to  discover,  if  possible, 
the  mechanical  reason  why  such  good  results  have  been  obtained 
m  some  cases  and  not  in  others. 
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Let  the  ropes  centre  at  meetings,  then  the  angle  of  maximum 
obliquity  need  not  exceed,  say,  2  degrees.  If  the  ropes  be  lubri- 
cated, the  angle  of  repose  should  never  exceed,  say,  12  degrees. 
Therefore,  the  slope  of  the  drum,  relatively  to  its  axis,  need  not 
exceed  12  +  2  =  14  degrees  at  the  commencement,  nor  12  degrees 
at  the  middle  of  the  wind  (the  theoretical  result  is  shown  in  the 
Appendix).  An  approximate  result  would  be  obtained  by  making 
the  line  from  end  to  end  of  the  drum-surface  a  circular  arc  of 
x     \  about   46   or   48   de- 

-^V  /f»\  grees.     Such  a  result 

is  shown  in  Fig.  7, 
which  represents  a 
shape  of  drum  that 
forces  both  ropes  to 
coil  closely  and  even- 
ly from  one  end  of 
the  wind  to  the  other. 
This  is  one  form  of 
j|the  ungrooved  spiral- 
screw  tread  described 
in  a  previous  paper.* 
(3)  If,  however,  it 
is  thus  possible  to  get 
even  coiling,  without 
grooves  and  without 
lateral  friction,  dur- 
ing the  first  half  of 
the  wind,  why  not  go 
one  step  further, 
place  the  pulleys  in 
tandem,  centre  each 
rope  at  the  end  of  the 
wind,  and  thus  avoid 
lateral  friction  at  the 
This  result  is  also 
8,  in  which  the  con- 


Fig.  7.— Practical  Form  of  Spherical  Drum  to 
Ensure  Even  Coiling  without  the  Use  of 
Grooves,  Ropes  Centering  at  Mid-wind. 


drum   during  the   whole   of  the  journey 

plotted,  to  its  theoretical  values,  in  Fig 

vexity  between  (6)  and  (c)  is  hardly  perceptible ;  but,  in  practice, 

it  might  be  nearly  attained  by  arranging  the  curvature  from 


*  "The  Lateral  Friction  of  Winding-ropes,"  by  H.  W.  G.   Halbaum,  Trans. 
Inst.  M.  E.,  1915,  vol.  xlix.,  page  125. 
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one  end  of  the  drum  to  the  other  in  a  circular  arc  of  60  degrees 
(as  shown  by  Fig.  !»).  giving  at  each  extreme  end  of  the  drum  a 
maximum  inclination  of  30  degrees  from  a  line  drawn  parallel 
to  the  axis,  or  26  to  27  degrees  from  the  normal  surface  of  the 
barrel-drum  of  theory. 

This  sketch,  however,  in  common  with  Fig.  7,  is  not  the  exact 
shape  of  the  theoretical  drum,  nor  yet  a  very  convenient  shape 
for  the  practical  reel. 
Fig.  7  illustrates  a 
fairly  good  form,  if 
the  ropes  centre  at 
middle  wind.  But 
the  inclination  at 
each  end  of  the  drum 
is  rather  more  than 
theory  requires  for 
close  even  coiling,  j 
whilst  any  curvature  t 
of  the  middle  portion 
is  only  required  to 
ha  la  nee  in  some  mea- 
sure the  loads  against 
the  engine. 

In  Fig.  9,  how- 
ever, as  will  be  seen 
by  comparing  it  with 
Fig.  8,  the  inclina- 
tion at  the  end  of  the 
drum  is  very  much 
more  than  sufficient, 
and  might  possibly  pio  8._Theoretical  Shape  of  tapered  Drum 
impose     some     slight  without  Grooves;    Pulleys  in  Tandem, 

..  ..    ,  no  Slip,  Spread,  or  Lateral  Friction. 

pressure  on  the  coiled 

rope  as  one  coil  after  another  came  into  position.  But  this 
slight  pressure,  let  it  be  particularly  noted,  would  be  prac- 
tically negligible  in  comparison  with  the  abrasive  force  insepar- 
able from  any  system  of  coiling  the  rope  upon  itself  in  two 
or  more  layers.  On  the  other  hand,  the  curvature  at  the 
middle  portion  of  the  drum  might  not  be  quite  enough  for  its 
purpose,  and  a  little  splaying  of  the  rope  might  possibly  result; 
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nevertheless,  whenever  the  rope  reached  that  faulty  part  of  the 
drum,  the  obliquity  of  the  rope  would  vary  in  the  same  direction, 
although  not  in  exactly  the  same  ratio,  as  the  inclination  of  the 
drum  varied,  so  that  the  actual  spread  of  the  rope,  if  any,  would 
certainly  he  small. 

It  will  now,  probably,  be  clear  that,  if  the  ropes  centre  at  the 
end  of  the  wind,  the  theoretical  shape,  regard  being  had  only  to 

the  diminution  of 
friction,  will  be 
nearly  attained,  and 
the  practical  pur- 
pose completely 
served  by  tapering 
the  drum-surface  in 
a  straight  line,  and 
at  a  uniform  inclin- 
SS|  ation  to  the  axis,  of 
^g  (A  +  a)  degrees ; 
where  .4  =  an  angle 
slightly  exceeding 
the  angle  of  repose, 
and  «==  the  maxi- 
mum angle  which, 
during  its  lateral 
travel,  the  rope 
makes  with  its 
centre-line  or  with 
the  plane  of  its 
pulley.  The  value 
of  a  may  be  ascer- 
tained by  simple 
measurement.  The 
value  of  .4,  the 
angle  which  slightly  exceeds  the  angle  of  repose,  will  depend 
upon  the  state  of  the  surfaces  in  contact — that  is,  upon  the  kind 
of  rope  used,  the  material  forming  the  surface  of  the  drum,  and 
the  state  of  the  lubrication  which  obtains  between  them.  Each 
engineer  may  estimate  the  value  of  A  most  suitable  for  his  own 
particular  case. 

It  seems  probable,   however,  that  the  coefficient  of  friction 


Fig.  9. — Spherical  Drum  ;  Pulleys  in  Tandem, 
Even  Coiling,  no  Grooves,  and  no  Lateral 
Friction. 
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obtaining  between  the  lubricated  surfaces  will  seldom,  if  ever, 
exceed  O'J.  which  is  the  approximate  tangent  of  11£  degrees; 
but,  if  the  angle  of  dip  on  the  drum  and  the  angle  of  obliquity 
in  the  rope  always  pull  in  opposite  directions,  as  they  should 
do.  the  safety  of  the  arrangement  would  hardly  be  affected  even 
if  the  angle  of  inclination  should  appreciably  exceed  the  actual 
value  of  A. 

With  respect  to  the  maximum  angle  a  of  obliquity  (still 
considering  the  case 
of  ropes  centering  at 
the  end  of  the  wind), 
that  angle  should 
hardly  exceed  3  or  at 
the  most  4  degrees, 
and,  therefore,  the 
total  angle  of  inclina- 
tion, relatively  to  the  = 
axis  of  the  drum.  - 
will  not,  in  the 
majority  of  instances, 
exceed  1H  +  3£  =  15 
degrees.  This  gives 
a  slope  of  1  vertical 
in  about  3£  horizont- 
al, or  about  3J  inches 
per  foot.  Such  an 
inclination,      judged  J 

by  mechanical  prin- 
ciples, would  be  suffi-  ' 

-•     _!  J.,.  ■n-nnvar.t     * IU>     ^. — SAME    AS    FlG.    8,    BUT    A    MORE    PRACTICAL 

cienr.        to        prevent  Shape;    all   Straight  Lines   as  seen   in 

spread  of  the  rope  at  Section;    Surface  of  Drum   inclined  to 

.     .       .  ,,  Axis  at  the  Uniform  Dip  of  15  Degrees. 

any     point     m     the 

wind,  and,  judged  again  by  mechanical  principles,  it  would  be 
an  absolutely  safe  inclination,  provided  always  that  the  ropes 
are  so  centred  that  the  angle  of  obliquity  and  the  angle  of  inclina- 
tion invariabhr  pull  in  opposite  directions. 

Of  course,  where  the  rope  centres  at  mid-wind,  the  middle 
part  of  the  drum  should,  theoretically,  be  parallel:  otherwise, 
for  half  of  the  wind  the  two  angles  defined  above  will  both  be 
exerting  their  forces  in  the  same  direction.     Nevertheless,  for 
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ropes  centering  at  mid-wind,  Fig.  7  probably  shows  the  best 
practical  form  of  drum :  because,  in  the  first  place  the  angle  a  is 
small,  and,  in  the  second  place,  if  only  the  ends  of  the  drum  are 
tapered,  one  would  still  be  obliged  to  round  off  the  angle  where 
the  tapered  and  parallel  surfaces  meet. 

Returning,  however,  to  the  case  where  the  ropes  centre  at 
the  end  of  the  wind,  Fig.  10  shows  the  practical  shape  of  the 
drum  required,  assuming  that  A  =  W\  and  a  =  3£  degrees.  .No 
doubt,  the  actual  values  of  A  and  a  might  be  determined  for  each 
particular  case,  and  the  drum  tapered  at  the  precise  inclination 
of  (A  +  a)  degrees.  But  the  writer  will  submit  hereafter  such 
practical  considerations  as  go  to  show  that  an  angle  of  slope  very 
much  greater  than  (A  +  a)  degrees  may  be  adopted  with  the  view 
of  increasing  the  efficiency,  without  at  all  diminishing  the  safety, 
of  the  arrangement.  At  present,  however,  it  is  safer,  and  also 
more  instructive,  to  proceed  step  by  step. 

In  the  case  just  described,  the  pulleys  must  be  in  tandem  or 
nearly  so;  each  rope  in  turn,  as  its  cage  comes  to  bank,  will  then 
come  into  the  same  vertical  plane  as  that  which  contains  the 
pulleys  and  the  middle  diameter  of  the  drum.  During  the  entire 
wind,  the  rope  coils  closely  and  evenly  by  the  influence  of  gravity 
alone,  whilst  the  pressure  exerted  in  the  line  of  the  radius  vector 
entirely  prevents  lateral  friction  at  every  stage  of  the  wind. 

Pulleys  thus  set  represent  no  new  nor  novel  idea  ;  and,  as  for 
the  inclined  drum-surface  dictated  by  theory  and  modified  by 
practical  considerations,  there  is  no  nove]ty  about  that  either. 
The  same  principle  is  already  illustrated  in  practice  by  the 
well-known  C-pulley,  which,  however,  meets  a  much  more  diffi- 
cult situation.  In  the  case  of  the  winding-drum,  as  in  that  of  the 
C-pulley,  the  only  practical  difficulty  is  that  of  estimating  before- 
hand the  actual  coefficient  of  friction,  and  even  that  difficulty 
is  modified  in  the  present  case  by  the  fact  that  a  very  approximate 
estimate  will  fulfil  the  object.  For  purposes  of  illustration 
only,  a  provisional  value  of  about  02  has  been  assumed  as  likely 
to  cover  all  cases  of  the  angle  of  repose  where  ropes  are  moderately 
well  lubricated.  But  it  must  be  always  remembered  that,  in  the 
arrangement  against  friction  already  proposed,  and  also  in  that 
dealing  with  balance  to  be  proposed  hereafter,  the  angles  always 
exert  their  influences  in  opposite  directions;  and  always  wax  and 
wane  together  as  they  swing  between  their  respective  maxima 
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ami  minima.  Therein  lies  (lie  safety  of  a  much  greater  inclina- 
tion on  the  drum  than  thai  dictated  by  the  exact  angle  of  repose. 
And  therein  also  lies  the  mechanical  secret  of  the  success  of  the 
plain  tapered  drums  which  still  survive,  whilst  so  many  others 
of  similar  shape  have  been  discarded  as  absolutely  dangerous. 

Such  aa  arrangement  of  centering  ropes  at  the  end  of  the 
wind,  however  fine  for  the  drum,  doubles  the  angle  of  friction  at 
the  pulley,  and  the  question  is  whether  the  total  abolition  of 
lateral  friction  at  the  drum  would  sufficiently  compensate  the 
additional  friction  at  the  pulley.  It  will  be  interesting  to  learn 
the  members9  views  on  that  point,  lint  it  may  now  be  asked 
whether  it  is  not  possible  to  abolish  lateral  friction  at  both  ends 
of  the  line — that  is,  at  the  drum  and  at  the  pulley  alike. 

The  writer  is  reasonably  well  prepared  to  defend  all  that  he 
has  written  above,  but  will  not  be  surprised  in  the  least  if  mem- 
bers disagree  with  what  he  is  now  about  to  suggest.  Accepting 
that  risk,  he  suggests  the  substitution  of  rolling  friction  for 
lateral  friction  at  the  pulley.  If  this  method  were  found  prac- 
ticable, it  would  transform  lateral  friction  at  the  pulley  into 
rolling  friction  at  a  binding  sheave  placed  in  the  headgear. 
The  question  is  whether  such  an  arrangement  is  really  feasible, 
and  the  writer,  so  far  as  he  is  concerned,  is  quite  unable  to  see 
why  it  should  not  be  so. 

It  has  been  seriously  objected  that  the  pressure  on  a  binding 
sheave  so  placed  would  inevitably  overturn  the  headgear  !  A 
complete  answer  to  that  objection  is  furnished  by  the  fact  that 
the  pressure  is  already  active  on  a  rubbing  surface  at  the  pulley 
itself,  and  yet  does  not  overturn  the  headgear.  Why.  then, 
should  the  same  amount  of  pressure  overturn  it  if  applied  at  a 
rolling  contact? 

Besides,  what,  after  all,  is  the  measure  of  this  lateral  pressure  ? 
The  entire  oblique  line  of  pressure  (contained  in  the  radius  vector 
of  the  angled  rope)  is  the  resultant  of  two  components  at  right- 
angles.  Then,  if  J  degrees  =  the  angle  of  maximum  obliquity, 
and  IV  =  the  total  weight  in  tons  of  the  cage,  tubs,  coal,  chains, 
and  rope  suspended  from  the  pulley,  the  maximum  lateral 
pressure  on   the  pulley  will  be  rather  less   than   P  tons;   and 

(^since  ^qq  ^"  sin  A  J, 

p  =  -—  (i) 

400  w 

vol.  lxv— i«ii-ieis.  28  E 
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Thus,  if  IT"  =20  tons,  and  .4  =  3  degrees,  P  =  21  cwts. 

As  for  the  size  of  such  a  guide-pulley,  although  diameter  is 
certainly  a  consideration,  it  is  perfectly  obvious  that  almost  any 
diameter  of  sheave,  however  small,  would  be  an  immense  im- 
provement on  the  pulley-edge  which  is  now  continually  scraping 
away  the  rope  and  itself. 

To  sum  up  this  part  of  the  case :  the  light,  plain,  ungrooved 
tapered  drum  herein  suggested  assures  even  coiling  throughout 
the  wind,  and  abolishes  the  angle  of  friction,  although  it  in- 
creases the  angle  of  obliquity.  The  friction  vanishes,  simply 
because  the  contact  of  coil  against  coil  on  the  one  hand,  and  the 
angle  of  obliquity  on  the  other  hand,  are  always  on  opposite  sides 
of  the  radius  vector.  The  rope  continually  falls  into  its  proper 
place,  not  by  doing  work,  but  by  shirking  it.  It  assumes  its 
desired  position  simply  because  that  position  coincides  with  the 
lowest  point  which  the  rope  can  occupy  in  the  line  of  pressure. 
Hence,  it  gravitates  automatically  and  certainly  into  its  desired 
position,  for  precisely  the  same  reason  that  water,  when  left  to 
itself,  invariably  gravitates  to  the  dip  and  never  to  the  rise. 

This  part  of  the  study  probably  meets  the  case  of  the  shallower 
mines.  That  is  to  say,  if  the  drum  be  sufficiently  tapered  to  do 
away  with  lateral  friction,  the  taper  will,  in  many  cases  go  far 
to  solve  the  question  of  balance  also.  The  writer  has  dealt 
with  each  case — slip,  spread,  and  lateral  friction — on  its  in- 
dividual merits.  The  case  of  balance  is  more  difficult  and  more 
debatable,  and  the  situation,  so  far  as  it  has  now  been  surveyed, 
is  that  of  the  shallower  mines,  where  balance  is  less  important 
and  where  an  endless-rope  system  might  not  be  so  unquestionably 
desirable  as  it  is  where  mines  are  deeper  and  ropes  much  heavier. 

However,  since  this  paper  has  already  extended  far  beyond 
the  limits  anticipated,  and,  despite  the  writer's  wish, 
a  certain  amount  of  debatable  matter  has  forced  its  way  in,  it 
may  be  better  to  defer  the  consideration  of  the  more  highly 
theoretical  case — that  of  balance  by  plain  tapered  drums — to  a 
future  paper.  There  is,  perhaps,  sufficient  in  the  present  essay 
for  ;i  beginning,  and,  so  far  as  the  case  has  proceeded,  members 
are  invited  to  discuss  it  freely.  The  rest  of  the  paper — that 
dealing  with  balance — will  be  submitted  to  the  Institute  as  soon 
as  possible. 

In  the  meantime,  the  writer  desires  to  express  his  obligations 
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to  Messrs.  Siemens  Brothers,  Limited,  from  whose  Electricity  in 
Mining  lie  lias  quoted  some  few  particulars  iu  connexion  with 
the  Koepe  pulley  and  its  application  in  practice.  He  particularly 
desires  gratefully  to  acknowledge  his  indebtedness  to  Messrs. 
Fraser  &  Chalmers.  Limited,  who  not  only  supplied  the  illus- 
trations which  form  Figs.  1,  2,  and  3,  but  also  furnished  much 
instructive  information  relating  to  the  design  of  the  Whiting 
plant,  and  to  its  successful  operation  in  heavy  practical  work, 
especially  when  used  in  connexion  with  the  Walker  differential 
drums. 


APPENDIX. 

Spacing  of  Pulleys. — In  older  plants,  where  the  relative  positions  of  the 
pit  and  the  engine  are  already  fixed,  the  spacing  of  the  pulleys  cannot  be 
altered  very  easily.  In  new  undertakings,  however,  the  positions  of  the 
ropes  in  the  shaft  having  been  determined,  the  planes  of  the  pulleys  may 
make  any  angle  with  the  straight  line  joining  the  two  rope-centres  in  the 
shaft.  Call  this  straight  line  A-B.  If  the  middle  diameter  of  the  drum  be 
placed  in  the  same  straight  line  (A-B  produced)  the  pulleys  will  be  in  tan- 
dem, the  planes  of  both  pulleys  will  be  in  the  same  plane  as  the  middle 
diameter  of  the  drum,  the  "  spacing  of  the  pulleys  "  will  be  nil,  and  both 
ropes  will  centre  on  the  same  line. 

If,  on  the  other  hand,  the  position  of  the  engine  be  such  that  the  axis 
of  the  drum  is  parallel  to  the  line  A-B,  the  pulleys  will  then  be  "  spaced 
apart  "  by  the  distance  A-B,  and  the  centre-lines  of  the  two  ropes  will  be 
separated  by  that  distance. 

If,  in  the  last  case,  the  position  of  the  engine  be  such  that  the  axis  of 
the  drum  is  oblique  to  the  line  A-B,  the  centre-lines  of  the  two  ropes  will  be 
separated   by   a  distance  less  than  A-B. 

Hence,  the  relative  positions  of  the  engine  and  the  pit  fix  the  distance 
by  which  the  centre-lines  of  the  two  ropes  are  separated,  and  the  ropes  may 
be  made  to  centre  at  any  desired  point  of  the  wind,  if  the  position  of  the 
engine  be  fixed  accordingly. 

It  is  not  pretended  that  in  all  new  plants  the  engine  can  be  fixed  any- 
where without  regard  to  other  circumstances ;  but  neither  is  it  imagined, 
as  many  appear  to  think,  that  the  axis  of  the  drum  must  always,  and  of 
necessity,  be  either  parallel  to,  or  else  at  right-angles  with,  the  line  A-B. 

Coil  Friction. — The  formula  applying  to  the  case  treated  iu  the  paper 
is  proved  mathematically  by  Prof.  Andrew  Jamieson,*  and  also  by  Prof.  W. 
Cawthorne  Unwin.f  It  is  a  logarithmic  formula,  and  the  proof  thereof  is 
effected  by  means  of  the  calculus.  The  rule  is  rather  an  awkward  one  to 
manipulate,  and  the  present  writer  has  therefore  embodied  some  practical 
results  of  its   application   in   Table  II.     It   may   be   said   that   the    efficiency 

*  A    Text-book   on   Ap/>/ier/    Mechanics,  by  Andrew  Jamieson,  1895,  vol.   i 
page  104. 

t  The  Elements  of  Machine  Design,  by  W.  Cawthome  Unwin,   1909,  part  i 
page  376.  ' ' 
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of  the  coil-friction  depends  on  the  coefficient  of  friction  k,  and  upon  the 
circular  measure  of  the  arc  of  contact.  If  the  circular  measure  of  the  arc 
of    contact    be    denoted    by    6,    and     the     coefficient    of    friction    by    k,    their 

product  is — 

m  =  kd (2) 

The  base  of  the  Napierian  system  of  logarithms  is— 

e  =  2-718281828 (3) 

If  a  rope  be  coiled  round  a  post  or  pulley,  the  circular  measure  of  the 
arc  of  contact  being  6,  and  the  coefficient  of  friction  k,  there  will  be  no  slip 
of  the  rope  if  the  greater  tension  T  at  one  end  does  not  exceed  the  smaller 
tension  t  at  the  other  end  in  a  greater  ratio  than  R;  where 

R  =  e»» (4) 

Hence,  the  reliability  of  any  system  of  winding  by  endless  rope  is 
assured  if  R,  or 


(5) 


t 

Values  of  the  coefficient  of  friction  k  may  be  found  in  any  engineering 
pocket-book.  Moriu's  table  is  well  known,  but  Prof.  Jamieson  states  that 
the  following  values  "have  been  obtained  by  experiment."* 

For  wire  ropes  on  iron  pulleys  £  =  015.  If  the  pulley  be  lined  with 
leather  or  guttapercha,  £=0'25.  Hempen  or  cotton  ropes  on  iron  pulleys  give 
&  =  0"35  if  the  pulleys  be  dry,  or  4  =  0*15  if  the  pulleys  be  greased.  Leather 
belts  on  iron  pulleys  give  &  =  0'3  to  0'4. 

It  is  usually  considered  that  a  Koepe  pulley  lined  with  wood  gives  k  =  Q2; 
and,  with  regard  to  the  Whiting  system,  Messrs.  Fraser  &  Chalmers,  Limited, 
have  informed  the  writer  that,  working  with  Walker  differential  drums,  in 
practice  k  is  found  to  vary  from  0'08  to  012,  according  to  the  efficiency  of 
the  lubrication  applied  to  the  rings. 

Hempen  ropes  wrapped  round  wooden  posts,  such  as  those  seen  on  a 
wharf  or  quay-side,  give  k  =  from  0'4  to  0'6. 

These  various  values  of  k  have  been  used  in  Table  II.,  and  the  half-coil  is 
first  dealt  with,  because  that  applies  to  the  Koepe  system  and  to  many 
jig-wheels.  Some  jigs  may  run  with  1£  or  2|  coils  round  the  wheel;  hence 
the  tension-ratios  R  for  these  circumstances  have  been  calculated  and  in- 
serted in  the  table.  The  exact  values  of  R  for  1J  and  2\  coils  on  jig-wheels 
will  probably  be  greater  than  those  shown  in  the  table,  since  the  rope  in 
those  circumstances  must  encounter  considerable  lateral  friction,  whereas  the 
values  in  the  table  are  calculated  only  for  flat  pulleys  on  which  the  lateral 
friction  is  nil,  the  only  resistance  taken  into  account  being  that  of  true 
"  coil  "   friction. 

In  order-  to  avoid  any  possible  misunderstanding,  it  may  be  explained  that 
the  "  circular  measure  "  of  any  arc  is  the  ratio  of  its  length  to  its  radius.  In 
the  usual  trigonometrical  nomenclature,  the  circular  unit  is  a  "  radian,"  and 
the  circular  measure  of  the  arc  is  6  rarlians.  Practical  men,  however,  speak 
more  frequently  of  "coils"  and  "half-coils."  Therefore,  it  has  been  thought 
advisable  to  base  the  results  of  Table  II.  on  coils  and  half-coils,  since  one's 
particular  object  just  now  is  to  translate  one's  thoughts  into  the  "  vulgar  " 
idiom  which  is  understood  by  all  practical  men. 

It  will  be  understood,  therefore,  that  the  circular  measure  of  a  half-coil  is 
it  ;   the  circular  measure   of   a  complete  coil  is  2"T :    and    the   complete   circular 

'  I  li.rt-book  on  Applied  Mechanics,  by  Andrew  Jamieson,  1895,  vol.  i., 
page  356. 
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measure  of  any  number  of  coils  is  27m,  where  n  is  the  number  of  coils,  and 
7r  =3' 14159.  And,  finally,  the  circular  measure  of  any  number  of  coils  is 
0  —  2irn  always,  quite  irrespectively  of  what  the  diameter  of  the  coil  may 
happen  to  be.  Hence,  the  values  of  R  shown  in  Table  II.,  although  numer- 
ically the  same  as  those  which  would  be  obtained  from  formula  (4)  stated 
above,  represent,  in  each  case,  the  (2irnk)th  power  of  e,  when  a  and  It  possess 
the  various  numerical  values  stated  in  the  table.  Those  who  are  doubtful  as 
to  the  method  can  easily  satisfy  themselves  by  testing  its  results  as  set  forth 
ii  the  table.  So  far  as  the  writer  is  aware,  it  is  the  only  table  of  such  quan- 
tities that  has  ever  attempted  to  meet  the  requirements  of  the  ordinary  prac- 
tical man,  and  may,  therefore,  be  expected,  in  due  course,  to  clarify  some  of 
the  hazy  ideas  which  at  present  obtain  with  regard  to  the  nature  and  possi- 
bilities of  "  coil-friction." 

Table  II.  may  be  useful  to  those  who  are  not  familiar  with  logarithmic 
methods.  Those  who  are  more  expert  in  such  tedious  work  may  use  the 
formulae    (4)    and   (5). 

It  will  be  seen  from  the  table  that  a  Koepe  pulley  will  maintain  control 
if  R  does  not  exceed  1'87,  provided  that  &  =  0"2;  or,  it  will  maintain  control 
up  to  -B  =  1'6,  even  if  the  pulley  be  unlined;  since,  according  to  Prof.  Jamie- 
son's  experimental  values,  the  value  of  k  would  then  be  015. 

In  the  paper,  it  was  assumed  that,  in  an  illustrative  case,  the  Whiting 
drums  had  four  and  three  grooves  respectively.  In  this  system,  since  both 
drums  are  rigidly  connected  by  side-rods,  they  may  be  considered  as  forming 
a  single  drum,  accommodating  three  complete  coils  of  rope.  Then,  it  is  seen  on 
reference  to  Table  II.,  line  (2),  column  (6),  that,  if  fc=0"08,  the  allowable  value 
of  R  for  three  coils  is  4£.  But  the  dead  weight  on  the  loaded  side  is  less  than 
1J  times  that  on  the  other,  wherefore  a  considerable  margin  is  available  for 
purposes  of  acceleration,  and  control  will  be  fully  maintained  until  the  total 
tension   T,  due  to  mass  and  acceleration  combined,   approaches  4J  times   t. 

Accelerations. — It  must  be  clearly  understood  that  the  ratio  R  is  the 
maximum  allowable  ratio  of  the  tensions  T  and  t,  and  not  by  any  means  a 
permissible  ratio  of  the  dead  weights,  W  and  w,  at  opposite  ends  of  the  arc  of 
contact.  Possibly,  if  this  distinction  had  always  been  remembered,  the  end- 
less-rope system  of  winding  might  have  made  greater  headway  in  this 
country.  7T=TF,  and  t  =  w  only  when  the  weights  are  either  stationary  or 
are  moving  at  uniform  speed.  If  the  speed  is  either  increasing  or  decreas- 
ing, the  tensions  T  and  t  may  be  very  different  from  the  weights  W  and  w. 
If  the  speed  be  uniform,  the  ratio  R  is  then — 

T         W 

V  -  =  - (6) 

If  the  speed  be  increasing  at  the  uniform  rate  of  a  feet  per  second  per 
second,  the  value  of  R  becomes — 

2t_jrx.,_+_« 

t2         w        g  -  a  ' 

Whilst,  if  the  speed  is  being  reduced  at  the  rate  of  a  feet  per  second 
per  second,  the  value  of  R  is  also  reduced  to — 

T,        W       q  -  a 

—r  = — x-  (8) 

ts        w        g  +  a  ' 
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Tims,  in  the  illustrative  example  set  forth  in  the  body  of  the  paper 
where,  under  the  Whiting  system,  10  tons  of  coal  were  wound  from  a  depth 
ot   1.000  yards,    IF  =  say  33  tons  and  w  =  22  tens.     Then  in  that  case— 

iL=33  = 
w       22       l*- 

Taking  </  =  32,  and  supposing  the  speed  to  be  increasing  at  the  rate  of 
«  =  8  feet  per  second  per  second,  then — 

/.,         w        g  -  a  32-8  3 

In  such  a  case  the  ratio  of  the  tensions  is  66'6  per  cent,  greater  than 
the  ratio  of  the  weights. 

Supposing,  that,  towards  the  end  of  the  wind,  retardation  takes  place 
at  a  similar  rate,  then  t3  becomes  greater  than  T3;   for 

t3         w       g  +  a         -       32  +  8         2       5 

The  ratio  of  the  tensions  is  then  40  per  cent,  less  than  the  ratio  of  the 

weights.     To   put   it    in    another    way,    the    ratio    R   of   the    tensions    during 

2-5 
acceleration  is  ~  -  =  2-7    times   greater   than    the    ratio   of   the    tensions    during 

retardation   (the  difference  of  the   loads  against  the  engine  is   still   greater, 
but  that  particular  side  of  the  question  is  not  yet  under  consideration). 

With  a  Keepe  pulley,  then  there  is  a  distinct  limit  to  the  rate  at 
which  acceleration  or  retardation  can  take  place.  Assuming  that  the  pulley 
works  on  half-coil,  and  that  £  =  0'2,  it  will  be  seen  from  Table  II.  that  the 
maximum  value  of  R  =  1'87.  Applying  the  Keepe  system  to  the  same  illus- 
trative case  where  IF  =  33  tons  and  w;  =  22  tons,  the  rate  of  acceleration  will 
be  limited  by  formula  (7)  in  which — 

t2         «•        g  -  a  -        32  -  a 

But  R  =  1-87  ;  therefore,  1-87  =  H  x  ^  +  "' 

32  -  a 

Tra  imposing— 1'87  x  32  -  1/87  a  =  1£  x  32  + 1£  a. 
.-.     32  *  0-37  =  3  37  a  ;  and 

a  =     *  g      =  3i  feet  per  second  per  second. 

Hence,  if  a  greater  acceleration  than  about  3  or  3J  feet  per  second  per 
second  be  attempted,  the  driving-wheel  will  slip  under  the  half-coil  of  rope. 

But  the  rate  of  retardation  may  be  much  greater,  for  the  allowable  value 
of  il  =  r87,  and  the  rate  of  retardation  may  be  increased  until — 

ta=RT„=V87Tt. 

By  formulas  (7)  and  (8)  the  allowable  value  of — 

n        W"       g  ±  a 

R  =  —  x  v-  _— 

to        g  +  a 

And,  evidently,  when  t3  becomes  greater  than  T3,  one  may  also  put — 

l3       it       g  -  a' 
where  a  is  the  rate  of  retardation. 

W  2 

But  R  =  l-87  and     .  =  ~  ;  therefore, 

2       32  +  a  _  64  +2  a. 
7  ~  3  X  32  -  a  ~  96  -3  a' 
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Transposing— 1-87  X  96  -  T87  x3a  =  64  +  2a; 

11  552 

from  which  a  =       '  '  ■"  =  15  feet  per  second  per  second. 

Hence,  during  retardation,  the  engine  will  maintain  control  unless  an 
attempt  be  made  to  retard  at  a  greater  rate  than  that  just  stated. 

However,  so  as  to  keep  well  within  the  limits  of  i?=l"87,  let  the  speed  be 
accelerated  at  the  uniform  rate  of  3  feet  per  second  per  second,  and  let  the 
rat*  of  retardation  be  12  feet  per  second  per  second.  Then  acceleration  may- 
continue,  until  four-fifths  =  800  yards  =  2,400  feet  of  the  wind  is  effected,  and 
retardation  will  occur  over  the  last  600  feet.  The  maximum  speed  attained 
at  2.400  feet  will  then  be — 


s/2a  h  =   y/2  x  3  x  2,400 


=   >/ 14,400  =  120  feet  per  second. 

which  is  attained  in  40  seconds.  The  retardation  at  12  feet  per  second  per 
second  will  occupy  10  seconds,  so  that  the  time  occupied  by  each  wind  will 
be  50  seconds,  and  the  average  speed  of  winding  60  feet  per  second.  The 
writer  is  not  here  advocating  that  such  speeds  should  be  adopted.  His  only 
object  is  to  show  that,  contrary  to  the  popular  view,  the  most  primitive 
system  of  endless-rope  winding  is  capable  of  working  at   high  speeds. 

Of  course,  such  a  system  would  require  to  be  placed  under  delicate 
automatic  control,  because,  if,  through  inadvertence,  the  period  of  accelera- 
tion were  unduly  prolonged,  it  would  not  be  possible  to  stop  the  load  in 
time,  although  the  engine  and  pulley  were  stopped  dead  when  the  load  was 
yet  150  yards  below  the  surface.  But  efficient  automatic  control  from  one 
end  of  the  wind  to  the  other  is  now  possible,  and  should,  indeed,  be  made 
compulsory  wherever  the  Koepe  system  is  in  operation. 

Since  the  much  superior  Whiting  system  is  now  available,  the  writer  sets 
little  store  by  the  Koepe  system.  But  it  is  at  least  entitled  to  fair  play. 
Hence  it  must  be  remembered  that  the  Koepe  system  sometimes  works  with 
more  than  half  a  coil  of  contact-arc,  and  may,  if  desired,  work  with  the 
greater  arc  in  any  case.  It  is  manifest  that,  if  a  large  Kcepe  pulley,  say  21 
feet  in  diameter,  is  placed,  with  its  motor,  in  the  headgear,  it  cannot  work  on 
half-coil,  since  this  would  place  the  two  ropes  21  feet  apart  in  the  shaft.  In 
such  a  plant  therefore,  another  wheel,  acting  as  a  guide-pulley,  is  fixed 
below  the  21-foot  driving-wheel,  and  the  ropes  in  the  shaft  are  thereby  brought 
in  to  the  distance  desired. 

The  effect  of  such  a  guide-pulley  is  to  make  the  rope  grip  the  driving- 
wheel  for  more  than  the  usual  half-circumference,  and  there  is  no  reason  why 
a  similar  guide-pulley  should  not  also  be  employed  for  that  purpose  when  the 
engine  is  placed  at  surface-level  and  at  some  distance  from  the  pit-mouth. 

Under  such  an  arrangement  the  arc  of  contact  may  be,  say,  three-quarters 
of  the  circumference,  and  the  liability  to  slip  is  materially  reduced,  owing  to 
the  increased  value  of  R  thus  obtained.  From  the  structure  of  equations  (2) 
and  (4).  it  will  be  seen  that  the  index-power  m  will  have  the  same  numerical 
value  whenever  k  and  0  form  the  same  product.  Hence,  if  fc  =  0'2,  and  $  is 
the  measure  of  three-quarter  circumference,  m  will  have  the  same  value  as  if 
/  0'3  and  (j  measures  half  a  circumference;  because  e  is  a  constant,  and 
0-2  x  |  =  0-3xi  =  0-1  xli  =  0-15. 

There  are  no  values  of  R  given  in  Table  II.  for  three-quarter  coils,  but, 
still  taking  k  at  02,  one  can  pick  out  the  equivalent  value  for  li  by  taking 
the  value  for  half  a  coil  [column  (1)]  when  fc=0'3  [line  (8)],  or  by  taking  the 
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value  for  1^  coils  [column  (3)]  when  fc  =  01  [line  (3)].  In  either  case,  the  table 
ahowe  the  value  of  R  to  be  2"56.  It  has  already  been  shown,  when  applying 
the  Whiting  system  to  the  selected  illustrative  case,  that  if  a  =8  under  those 
particular  circumstances,  the  safe  value  of  R  is  2J. 

Hence,  the  Kcepe  system,  when  enabled  by  a  guide-pulley  to  work  at 
three-quarter  coil  is  much  more  secure  against  slip  than  when  working  on 
only  half  a  coil.  When  the  arc  of  contact  is  thus  increased  by  a  quarter-coil 
—that  is,  by  50  per  cent. — the  permissible  value  of  R  is  increased  by  rather 
less  than  .'57  per  cent.,  but  the  permissible  rate  of  acceleration  is  increased  in 
far  greater  proportion. 

It  has  already  been  shown  (for  the  selected  illustrative  case)  that,  when 
ii  =  l"87,  the  numerical  value  of  a  cannot  exceed  3J  during  acceleration.  Using 
the  same  data,  and  taking  7?=2-56 — 

_    W       g  +  a  =  3       32^+ji  _  96_+  3a 
~w^g-a~2X32-a~  64~-  2a 

But  R  =  256,  so,  transfusing — 

2-56x(64-2a)  =  96  +  3a 

.'.  67"S4  =  8*12  a  ;  and  a  =     '         =  8*35  feet  per  second  per  second. 

812 

Thus,  when  H  is  increased  from  1'87  to  2'56,  or  by  37  per  cent.,  the  maxi- 
mum possible  rate  of  acceleration  is  increased  from  3£  to  8'35,  or  by  nearly 
140  per  cent.  The  possible  rate  of  retardation  would  lx>  between  18  and  19 
feet  per  second  per  second,  and  so  there  would  be  plenty  of  margin  at  both 
ends. 

There  is  nothing  original  about  these  conclusions :  they  are  based  on  the 
commonest  mechanical  laws;  but  it  has  appeared  to  the  writer  that  the 
position  has  altered  very  much  from  what  it  was  a  few  years  ago.  The 
following  are  a  few  of  the  factors  which  have  altered  it  :  — 

Deeper  sinkings  are  now  being  undertaken.  Larger  loads  are  being 
raised.  The  Whiting  arrangement  effects  an  immense  improvement  on  the 
original  Kcepe  system,  and  rope-costs,  such  as  those  associated  with  wide 
drums  and  keps  systems,  may  thereby  be  reduced  amazingly.  Automatic 
speed-control  gears  of  a  very  delicate  kind  have  now  become  available. 

The  electric  winder  has  also  proved  its  efficiency,  and  is  now  practically 
established  in  public  favour.  All  these  changes  suggest  that  the  British 
mining  community  should  now  re-examine  and  re-discuss  the  system  of 
winding  by  endless  rope.  The  old  stereotyped  arguments  against  it  no 
longer  hold  water,  and  the  improved  system  will  now,  in  the  opinion  of  the 
writer,  stand  the  fullest  examination,  both  from  the  standpoint  of  safety  and 
from  that  of  all-round  efficiency  alike.  That  is  why  the  writer  has  now 
revived  the  question.  It  is  one  of  profound  and  practical  interest  in  con- 
nexion with  the  deeper  mining  operations  and  altered  mechanical  conditions 
which  obtain  at  the  present  day. 

Factors  of  Safety. — -There  are  always  two  factors  to  be  considered  in  the 
case  of  winding-ropes.  The  first,  and  that  most  commonly  mentioned,  is  the 
nominal  factor  F.     Its  value  is 

*--§■ <9>; 

where  B  is  the  Btress  that  would  break  the  rope,  and  1j  is  the  dead  load  on 
the  rope,  including  coal,  tubs,  cage,  chains,  and  the  weight  of  the  rope 
itself.     The  usual  practice  in  this  country  is  to  take  2^  =  10,  or  thereabouts. 
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In  order  to  determine  the  circumference  of  a  good  plough-steel  rope  of 
the  usual  type,  its  own  weight  being  taken  into  account,  let  the  load  at  the 
rope-end  be  L  pounds,  consisting  of  coal,  tubs,  cage,  and  chains;  and  let  the 
depth  be  d  fathoms;  then,  if  .F  =  10,  the  circumference  of  the  rope  must 
be  c  inches;   and — 


-7J 


_ (10) 

900  -  d 

The  writer  framed  this  simple  rule  many  years  ago,  and  is  glad  to  find  that 
many  authors  have  since  appropriated  it,  but  without  acknowledgment. 
It  assumes  the  breaking-stress  of  such  a  rope  to  be  4c2  tons. 

A  flattened-strand  rope  (with  six  strands)  has  a  breaking-stress  of  48  c2 
tons,  the  ultimate  tensile  strength  of  the  wire  being  110  tons  per  square 
inch  of  section.  The  weight  of  such  a  rope,  however,  is  about  1|  c2  pounds 
per  fathom,  and  the  most  convenient  formula  for  finding  the  circumference 
required  for  a  given  load  and  depth  is  as  follows,  F  being  taken  at  10:  — 


Load  in  tons 


048 


(11) 


d 
•2,000 

The  "  load  in  tons  "  includes  coal,  tubs,  cage,  and  chains  only,  but  the  rule 
actually  allows  for  the  weight  of  the  rope  in  addition. 

If,  however,  an  endless-rope  system,  or  any  other  smoothly-running 
system  with  delicate  speed-control,  and  without  keps,  be  adopted,  it  ought  to 
be  sufficient  to  take  the  nominal  factor  F  at  6;  and  the  rule  for  a  flattened- 
strand  rope  of  the  character  indicated  would  then  become — 


Load  in  tons. 


0-8 


d 


(12) 


2,000 

In  both  (11)  and  (12)  "load  in  tons"  =  load  at  rope-end. 
The  weight  of  a  rope  varies  as  c2.     If  2^  =  10,  then  by  formula  (11)- 

Load  in  tons. 


0-48 


d 


2,000 


If  F  =  Q,  then  by  formula  (12)- 


Load  in  tons. 


0-8  - 


d 


2,000 

Dividing  the  first  of  these  values  by  the  second,   we  have,  after  reduc- 
tion— 

d 


0-8 


2,000 


0-48 


Let  c?  =  500  fathoms,  then — 


d 


d 
2,000 

500 


=  0-Oli  • 
2,000       2,000 
and,  again,  placing  the  greater  value  of  c2  as  numerator, 
c2       0-8     -  0-25       55       „  . 
c-  =  0-48  -0-25  =  23  =  2'4Dearly- 
Hence,  when  <7  =  500,  the  weight  of  the  rope,  when  F  =  10,  is  140  per  cent, 
greater  than  that  required  when  F  =  6. 
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But  that  is  not  all.  It  is  only  t lie  weight  of  the  bigger  rope  per  unit  of 
length  which  is  55-5-23  times  that  of  the  other. 

Now,  if  wide  parallel  drums  with  tail-ropes  aud  keps  are  used,  F  must 
=  10,  or  thereabouts.  But,  if  an  endless-rope  system  be  adopted,  F  need  not 
exceed  6.  Also,  speaking  roughly,  the  length  of  rope  required  in  the  former 
arrangement  will  be  1^  times  that  required  under  the  latter  method.  For, 
where  the  wide  parallel  drum  is  used,  there  is  generally  on  the  drum  a 
length  of  rope  equal  to  the  depth  of  the  pit,  in  addition  to  the  length  of  rope 
in  the  pit  equal  to  twice  the  depth.  In  the  alternative  system,  there  is  prac- 
tically nothing  on  the  drum,  and  the  total  length  of  rope  practically  equals 
twite  the  depth.  The  actual  ratio  of  the  weights  of  rope  in  use  on  the  two 
systems  is,  therefore,  more  like — 

R  _  55  x  3  _  165  _ 
r  ~  23  x  2  ~    46 

Hence,  in  the  orthodox  system  of  wide  drums,  and  where  d=500,  the 
weight  and  cost  of  the  ropes  in  use  is  about  260  per  cent,  greater  than  the 
weight  and  cost  of  the  ropes  used  in  the  alternative  system.  If  discarded 
winding-ropes  are  used  as  tail-ropes,  the  argument  is  more  forcible  still,  and 
the  economy  effected  is  amazingly  increased.  The  writer  suggests  that  this 
side  of  the  question  merits  attention. 

A  popular  fallacy,  when  fixing  a  value  for  F,  is  to  suggest  that  if  a 
thicker  rope  be  used,  it  is  not  necessary  to  employ  so  large  a  factor  of  safety 
as  when  using  a  thinner  rope.  Because  (it  is  contended)  if,  say,  90  per  cent, 
of  the  smaller  rope  affords  a  sufficient  margin  of  safety,  then  90  per  cent,  of 
a  rope  of  double  diameter  contains  four  times  as  much  wire,  and  therefore 
gives  four  times  the  margin  actually  required.  This  contention  falls  to 
pieces  as  soon  as  it  is  remembered  that,  in  both  cases  alike,  one  is  working 
with  the  entire  rope  and  not  merely  with  one  part  of  it.  In  both  cases  alike, 
each  wire  takes  (or  is  intended  to  take)  its  share  of  the  load,  and  its  nominal 
share  is  ^,  of  its  ultimate  tensile  strength.  If  the  argument  had  any  validity 
at  all,  it  would  take  effect  in  the  opposite  direction.  Because,  the  thicker 
the  rope,  the  less  likely  is  any  particular  wire  therein  to  be  subjected  to  its 
precise  and  absolutely  fair  share  of  the  total  stress  on  the  whole  rope.  Con- 
sequently, to  use  a  now  well-understood  term,  the  thicker  rope  is  the  more 
likely  of  the  two  to  succumb  by  "attrition" — that  is,  by  the  successive 
failures  of  individual  wires  which  have  been  strained  unduly  owing  to  the 
unequal  distribution  of  the  total  stress.  But  these  subtle  matters  cannot  be 
accurately  estimated  beforehand ;  hence,  in  selecting  a  value  for  F ,  one  is 
not  entitled  to  make  any  distinction  between  different  sizes  of  rope,  and 
lea.st  of  all  would  one  be  justified  in  working  the  larger  rope  with  the  smaller 
factor  of  safety  (other  things  being  equal,  of  course). 

The  actual  factor  of  safety  is  always  less  than  F ;  let  it  be  denoted  by 
the  letter  f.     Then 

s--k mi 

where  B  has  the  same  signification  as  before,  and  K  is  the  actual  maximum 
stress,  of  whatever  nature,  to  which  the  rope  is  subjected.  K  includes  the 
kinetic  as  well  as  the  static  stresses,  and  it  bears  much  the  same  relationship 
to  D  in  formula  (9)  as  T2  in  formula  (7)  bears  to  T,  in  formula  (6). 
T1=W,  because  the  speed  is  uniform.  T2  is  greater  than  W,  because  the 
speed  is  increasing.  It  is  necessary  to  distinguish  between  speed  per  se, 
acceleration  (the  rate  at  which  speed  is  got  up),  and  retardation  (the  rate  at 
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which  speed  i>s  reduced).  The  question  as  to  what  nominal  factor  of  safety 
F  shall  be  employed  is  fundamentally  a  question,  not  of  what  average  load  D 
is  to  be  lifted,  nor  of  the  average  speed  of  winding,  nor  even  a  question  of  what 
accelerations  it  is  intended  to  impart.  It  is  a  question  of  what  actual  factor  / 
will  be  left  after  all  possible  strains,  intentional  or  otherwise,  are  allowed  for. 

A  second  popular  fallacy,  moreover,  is  that  higher  winding  speeds  require 
higher  factors  of  safety.  This  is  not  so,  unless  the  higher  speed  also  involves 
a  higher  rate  of  acceleration.  But  the  one  is  not  necessarily  the  corollary 
of  the  other.     This  may  be  demonstrated  by  an  example  or  two. 

The  writer  has  a  little  formula  which  attempts  to  connect  the  average 
speed  of  winding  and  the  time  occupied  per  wind  with  the  depth  of  the  pit. 
Let  £>  =  the  depth  of  the  pit  in  feet,  v  =  the  average  velocity  in  feet  per  second, 
and  s  =  the  number  of  seconds  required  to  make  each  wind.  Then  smart 
modern  winding  operations  will  be  found  to  conform  fairly  well  to  the  follow- 
ing- simple  rule:  — 

v  =  s  =  s/  p       .         .         ■         .         .         (14) 

But,  taking  a  number  of  cases  in  which  v,  s,  and  p  have  the  same 
numerical  values,  the  dead  loads  W  may  be  equal,  the  daily  outputs  equal, 
the  sizes,  qualities,  and  weights  of  the  various  ropes  may  be  similar,  and 
yet  the  stresses  and  strains  may  vary  considerably.  The  following  illustra- 
tions are  intended  to  show  that  the  actual  factor  of  safety  may  be  less, 
although  the  winding  speeds  are  higher.  For  example,  let  the  depth  be 
1,600  feet,  then  the  average  speed  may  be — 


,•  =  s  =  \/p  =  \/l>600  =  40  feet  per  second, 

and  the  time  s  occupied  per  wind  will  be  40  seconds.  Let  the  ropes  be 
balanced  so  that  the  dead  weight  D  is  constant,  let  0=32,  let  F  =  10,  and 
let  there  be  no  keps.  Then  the  wind  may  be  completed  in  40  seconds  at  the 
average  speed  of  40  feet  per  second,  but  under  many  different  conditions  of 
stress.  For  instance,  the  uniform  acceleration  a  may  be  4  feet  per  second 
per  second.  It  may  be  continued  until  half  the  journey  is  completed,  and 
the  speed  may  thereafter  be  reduced  at  the  same  uniform  rate.  Then  the 
maximum  speed  attained  at  mid-wind  will  be  80  feet  per  second,  and  the 
average  speed  is  u  =  40.  Since  JF  =  10,  the  value  of  B  in  formula  (13)  is  10  D, 
and,  in  the  circumstances  described,  the  actual  factor  of  safety  will  be — 

10  x  8      „„ 


/  = 

B 

K  ~ 

10  2)                   10 

M1  +  i)      1  +  B 

Hence,  with  a  maximum  speed  of  80  feet  per  second,  f  is  about  11  per 
cent,  less  than  F . 

Let  it  now  be  supjjosed,  however,  that  one  objects  to  a  maximum  speed 
so  high  as  80  feet  per  second,  and  let  it  be  ordered  that  it  shall  not  exceed 
45,  the  average  speed  still  being  maintained  at  40  feet  per  second.  In  that 
case,  the  rates  of  acceleration  and  retardation  being  regarded  as  equal  (in 
order  to  compare  with  the  last  example),  the  acceleration  must  be  10T25 
feet  per  .second  per  second,  and  must  be  continued  for  4'4  seconds.  During 
the  periods  of  acceleration  and  retardation  together,  the  cage  will  run  200 
feel  at  the  average,  speed  of  22^  feet  per  second;  the  remaining  1,400  feet 
will  be  traversed  at  the  uniform  maximum  speed  of  45  feet  per  second;  the 
time  ol   each  wind  will  again  be  40  seconds;    and  the  average  speed  for  the 
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complete  journey  40  feet  per  second.  Bui  the  actual  factor  of  safety  will 
now    be — 

Tluis,  if  the  maximum  speed  he  reduced  from  80  to  45  feet  per  second, 
the  actual  factor  of  safety  drops  from  8'9  to  76,  or  to  a  value  24  per  cent,  less 
than  the  nominal  factor  of  10.     In  this  case,  the  stress  on  the  rope  is — 

l(^°   x   100  =  31  6  per  cent. 

greater  than  Ihat  due  t<>  the  dead  load  />.  Hence  it  is  seen  that  the  maxi- 
mum speed  may  be  reduced  whilst  the  actual  factor  of  safety  is  also  reduced, 
owing  to  the  greater  acceleration  adopted. 

The  next  example  deals  with  an  extreme  and  somewhat  theoretical  case, 
and  would  not  be  possible  in  practice  apart  from  an  efficient  system  of 
engine-balance.  Such  a  system  of  balance  is  a  matter  for  future  considera- 
tion. At  present,  the  object  is  only  to  show  how  little  reason  there  is  for 
the  popular  belief  that  higher  winding  speeds  necessarily  involve  greater 
factors  of  safety. 

Formula  (14)  gives  a  fairly  high  winding  speed,  which,  however,  is  often 
exceeded  in  practice.  It  will  now  be  supposed  that  the  average  speed  is  to 
be  augmented,  the  time  of  winding  shortened,  and  the  actual  factor  of 
safety  increased  at  the  same  time.  As  already  stated,  this  object  can  only 
be  conveniently  attained  if  the  engine  be  properly  balanced.  If  this  be  done, 
it  then  becomes  practicable  to  subject  the  descending  rope  to  the  same 
degree  of  stress  as  the  ascending  rope — in  other  words,  to  retard  at  a  much 
greater  rate  than  the  rate  of  acceleration.  Supposing  the  static  tensions  on 
opposite  sides  to  be  as  3  to  2  respectively,  the  stress  due  to  retardation  will 
not  exceed  the  stress  due  to  acceleration,  provided  that  the  rate  of  retarda- 
tion be  20,  and  that  the  rate  of  acceleration  be  3  feet  per  second  per 
second,   because — 

3  x  (g  +  3)  =  3  x  35  =  105  ;  whilst 

2  x  (g  +  20)  =  2  x  52  =  104,  and  104  <  105. 

The  distance  traversed  dining  the  period  of  acceleration  will  be  to  the 
distance  traversed  during  the  period  of  retardation  as  20  is  to  3,  and  as 
the  total  depth  is  1,600  feet,  the  maximum  velocity  will  be — 

V  =  V  -all  =  V  2  x  3  x  |?  x  >>600 

=  40  x    'V  -so  =  40  x  2-28  =  91  feet  per  second. 

V      91 

The    average    velocity,    v=  —  =  —  =  45^    feet    per    second,    and    the    time 

occupied  by  the  wind  will  now  be — 

1,600       3,200       _. 
...     =  -pr-, —  =  3d  seconds. 
4o£  91 

Since  the  greater  stress  occurs  during  acceleration,  the  actual  factor  of 

safety  is  now — 

'-r-*x(i+t)-i  +  4-*— * 

which  is  less  than  /•'  by  about  8§  per  cent.  only.     It  is,  therefore,  clear  that 


o92  THE  WINDING-DRUMS  OF  PRACTICE  AND  OF  THEORY. 

higher  winding  speeds  involve  lower  standards  of  safety  only  when  they  also 
involve  higher  accelerations.  And  it  is  also  clear  that  higher  winding  speeds 
do  not  invariably  necessitate  higher  accelerations. 

Of  course,  the  higher  winding  speed  increases  the  total  work  done  per 
unit  of  time,  but  not  the  work  per  unit  of  output.  It  may  shorten  the  life 
of  the  rope,  but  does  not  reduce  its  efficiency;  for  a  rope  which  is  cast  aside 
after  3  years'  work  is  no  more  efficient  than  a  rope  which  is  discarded  after 
12  months'  use,  provided  that  the  latter  has  done  as  many  foot-tons  in  one 
year  as  the  other  did  in  three.  That  is  a  question  of  useful  work,  and  quite 
a  different  matter  from  the  worse  than  useless  strains  effected  in  the  rope  by 
unnecessarily  high  accelerations  and  retardations. 

It  may  be  here  pointed  out  that  the  stress  of  retardation  may,  and  in 
practice  often  does,  exceed  the  stress  of  acceleration.  Most  men  of  ex- 
perience know  what  it  is  to  be  riding  in  the  shaft  when  the  engineman  either 
forgets  himself  for  a  moment,  or  intentionally  "  shows  off "  his  ability  by 
bringing  the  cage  to  rest  in  the  shortest  possible  space  of  time.  Moreover, 
although  the  writer  cannot  quote  statistics  on  the  point,  he  has  a  strong 
impression  that  the  descending  winding-rope  has  frequently  broken  during 
the  period  of  retardation,  and  sometimes  with  only  men  in  the  cage. 

Hence,  with  regard  to  the  last  example,  where  reduced  winding  time, 
reduced  accelerations,  and  an  increased  factor  of  safety  were  obtained  by 
merely  increasing  the  rate  of  retardation,  it  may  be  admitted  that  such  a 
system  should  not  be  attempted,  except  in  connexion  with  a  properly-balanced 
engine  fitted  with  a  reliable  automatic  speed-controller.  Lacking  balance,  it 
cannot  be  done  without  reversing  the  steam;  and  lacking  automatic  speed- 
control,  the  engineman  may  be  expected  to  make  mistakes. 

The  Keps  System. — The  previous  section  deals  with  accelerations  which 
can  be  determined  beforehand  and  controlled.  But,  whatever  system  of  speed- 
control  be  adopted,  its  purpose  will  be  entirely  defeated  if  the  keps  system  of 
common  practice  be  retained:  because  keps  mean  slack  chain,  and  slack  chain 
is  the  sure  precursor  of  abnormal  strains  greater  than  any  that  can  possibly 
be  effected  by  the  unassisted  engine-power  available.  Without  keps  (and  also 
without  rigid  landing  stages,  of  course)  the  strains  are  limited  by  the  normal 
engine-power  and  the  normal  resistance.  In  electrical  work,  the  terms 
"overload"  and  "starting  resistances"  have  definite  meanings  and  a  grave 
significance  which  every  man  recognizes  frankly.  Does  not  precisely  the 
same  principle  utterly  condemn  the  use  of  keps?  What  is  that  principle, 
when  stated  in  other  connexions:-  It  is  the  same  principle  as  that  which 
dictates  the  evasee  chimney  for  the  fan,  the  curvature  of  the  vanes  in  a  cen- 
trifugal pump;  the  principle  that  prohibits  the  instantaneous  application  of 
the  full  brake-power  to  a  swiftly-moving  engine ;  that  which  distinguishes  be- 
tween the  steady  combustion  of  a  ton  of  coal  on  a  boiler-grate  and  the  spon- 
taneous combustion  of  an  equal  weight  of  coal-dust  in  the  workings  of  the 
mine;  and,  generally,  it  is  the  principle  which  enables  one  to  discriminate 
between  the  characters  and  rates  of  transformation  of  energy  which  are 
permissible  and  those   which  are  not  so. 

The  keps  system  is  inherently  at  variation  with  that  important  principle. 
Experiments  conducted  by  rope-manufacturers — obviously  men  of  great 
public  spirit— prove  that  the  effect  of  9  or  12  inches  of  slack  chain  is  to  set 
up  stresses  in  the  rope  greater  by  200  per  cent,  than  the  static  stress  effected 
by  the  dead  load.  In  other  words,  the  accelerations  (positive  or  negative) 
coincident   with  such   conditions   may   rise   to  60  or  70   feet  per  second  per 
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second.  Such  a  stress,  can,  of  course,  last  only  for  an  instant — no  engine 
could  keep  it  up  indefinitely— but  that  instant  is  sufficient  to  enable  the 
abnormal   stress  to  effect  its  corresponding-  strain   on  the   rope. 

Why  the  results  of  such  experiments  have  not  attracted  more  notice,  and 
borne  more  fruit  of  a  practical  kind,  the  write]  is  unable  to  say.  Possibly 
manv  men  have  regarded  them  as  mere  laboratory  results,  obtained  under 
artificial  conditions  which  never  prevail  in  actual  practice.  But,  if  anyone 
will  trouble*  to  take,  as  the  writer  has  taken,  the  figures  of  a  fairly  repre- 
sentative case,  reduce  them  to  a  manageable  form,  and  stud;  their  obvious 
teaching,  it  will  be  at  once  evident  that  the  results  in  question  are  entirely 
consistent  with  established  mechanical  theory. 

The  case  against  keps  could  easily  be  elaborated  if  space  permitted,  but  it 
must  at  present  suffice  to  point  out  that  their  continued  use  constitutes  an 
anachronism  which  is  one  of  the  grossest  inconsistencies  of  modern  mining 
practice.  The  utmost  interest  is  manifested  in  methods  of  speed-control 
operating  towards  the  end  of  the  wind,  yet  the  keps  system  permits  the 
beginning  of  the  wind  to  take  place  under  conditions  which  irresistibly  remind 
one  of  explosive  phenomena.  In  connexion  with  one  class  of  winding  opera- 
tions, artificial  resistances  (the  purpose  of  which  is  to  regulate  properly  the 
ratio  subsisting  between  the  moment  of  the  effective  force  and  that  of  the 
effective  resistance)  are  exhaustively  discussed  and  "enthusiastically  extolled. 
On  the  other  hand,  and  in  connexion  with  the  keps  system,  as  operating  in 
ordinai-y  practice,  a  very  large  proportion  of  the  normal  resistance  is 
actually  taken  "  out  of  circuit  "  when  it  ought  to  be  in,  with  the  result  that 
the  wind  starts  with  an  immense  "overload"  of  power,  the  effect  of  which 
is  to  generate  an  excessive  acceleration.  Then,  the  abnormal  accelera- 
tion having  taken  effect  in  the  production  of  velocity,  an  instantaneous  brake, 
in  the  shape  of  an  extra  12  or  15  tons  of  resistive  force,  is  violently  applied, 
with  the  economic  result  that  one  must  employ  a  rope  140  or  150  per  cent, 
more  massive  than  would  otherwise  be  required.  And  this  is  the  system 
which  (by  Section  40,  sub-section  4,  of  the  Coal  Mines  Act,  1911)  a  wise  legis- 
lature has  made  compulsory,  and  from  it  there  is  no  escape  unless  a 
colliery-proprietor  is  prepared  to  scrap  his  existing  plant,  and  sink  fresh 
capital  in  an  endless-rope  system  of  winding  which  nine  out  of  every  ten 
engineers  are  as  yet  unable  to  approve.  The  writer  is  quite  aware  that  some 
forms  of  patent  keps  minimize  the  evil  to  some  extent ;  but  he  is  also  aware 
that  keps  of  some  kind  are  compulsory,  and,  further,  that  Jeps  <<f  any  hind 
satisfy  the  requirements  of  the  Act. 

But  for  such  fantastic  legal  restrictions,  it  might  not  have  been  now  a 
waste  of  time  to  show  that  there  are  simple  appliances,  already  available, 
which  make  it  possible  to  dispense  with  the  use  of  keps,  and  to  do  so  with- 
out inconvenience  and  practically  without  cost,  seeing  that  anj  expense 
attaching  to  the  substitution  of  these  would  be  rapidly  compensated  by  a 
permanent  reduction  of  at  least  50  per  cent,  on  the  present  rope-costs. 

The  Theoretical  Wide  Drum. — Fig.  11  illustrates  the  elements  referred  to 
in  the  body  of  the  paper.  The  pulley  is  at  p  and  the  back  of  the  drum  at  o. 
The  line  p-o  is  the  centre-line  of  the  rope  from  the  pulley  />,  or,  if  the  pulleys 
be  in  tandem,  the  common  centre-line  for  both  ropes.  Now,  if  the  drum  be 
parallel,  the  back  of  the  drum  lies  in  the  straight  line  a-b.  The  rope  from 
p  which  centres  at  o,  has  a  lateral  travel  either  along  o-a,  or  along  o-b,  or 
along  both.  But  the  line  which  is  always  normal  (or  perpendicular)  to  this 
revolving  radius  vector  is  the  arc  c-o-d,  which  is  described  from  centre  p  and 
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with  radius  p-o.  Hence  the  parallel  drum,  with  its  straight  line  a-b,  is  really 
a  drum  the  surface  of  which  is  inclined  in  the  mechanical  sense,  since  o-a,  and 
o-b  both  rise,  from  o,  above  the  lines  o-c  and  o-d,  which,  in  the  mechanical 
sense,  are  "  level "  lines,  or  normals  to  the  direct  line  of  pressure  contained 
in  the  radius  vector  of  the  rope,  the  "  centre  of  gravity  "  of  which  is  at  the 
fixed  point  p. 
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Fig.  11.— Illustrating  the  Geometry  of  Design. 

Let  a  line  be  drawn  which  dips  from  the  curved  level  line  o-c,  and  at 
an  angle  equal  to  the  angle  of  repose  (11J  degrees  in  the  sketch),  and, 
having  already  drawn  the  arc  c-o-d ,  take  a  centre  at  o,  and  with  radius  o-p 
draw  an  arc  of  indefinite  length  cutting  the  point  p.     Measure  off  on  this  arc 
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the  distance  p-n  111  degrees,  or  take  the  balf  chord  m-n.  Then  the  angle 
/(-.-Mi  thf  angle  of  repose,  in  this  case  11'  degrees.  Now  with  centre  n 
and  radius  n-o,  draw  the  are  o-  .     Then   make  pi     pn   and   with   centre  I  and 

radius  lc  draw  the  are  o-f.     Then  >>->   will  dip  uniformly   fi o-<    a1    an  angle 

of  11}  degrees,  and  o-f  will  dip  uniformly  from  o-d  al  the  same  angle.  The 
rope  will  neither  slip  nor  spread  on  any  part  of  the  drum,  whatever  1>>  the 
obliquity  of  the  rope  extending  from   p. 

The  method  of  drawing  the  curves  0-6  and  o-f,  as  j u ~ t  described,  IS  prac- 
tically correct  only  if,  as  in  the  c  ise  oi  a  winding-drum,  the  ares  are  merely  a 
few  degree-  in  length.  The  more  nearly  accurate  method  is  to  draw  a  num- 
ber of  lines  concentric  with  c-o-rf,  and  equidistant  one  from  the  other.  Then 
step  off  on  successive  lines  the  "horizontal"  distances,  as  shown  in  the  sketch 
(Fig.  Ill,  and  draw  the  thick  curves  o-<  and  o-f  through  the  point-  thus  ob- 
tained. I5ut  either  method  will  do  for  small  arcs,  as  is  demonstrated  by 
Fig.  11. 

If  the  ropes  centre  at  inciting-,  o-p  lies  in  the  middle  diameter  of  each 
half-drum.  If  each  rope  centre-  at  o  when  its  cage  is  at  bank,  then  o  is  the 
middle  diameter  (theoretically)  of  the  whole  drum,  and  there  will  be  neither 
slip,  nor  spread,  nor  literal   rope-friction  on  any  part  of  the  reel. 

For  convenience  and  clearness,  the  width  of  Fig.  11  -hows  much  longer  arcs 
of  curvature  than  are  natural,  or  otherwise  neces-ary.  But  the  degrees  of 
arc  in  o-c  and  o-d  are  marked  off  in  both  directions  from  o,  and  the  length  can 
be  cut  off  at  any  point  desired.  Thus,  if  the  actual  angle  of  obliquity  be  2, 
3,  or  4  degrees,  the  arcs  in  the  sketch  may  be  cut  off  at  2,  3,  or  4  degrees,  as 
the  case  may  be,  on  each  side  of  <<. 

The  broader  view  afforded  by  Fig.  11  enables  one  to  apjireciate  the  case 
more  clearly,  since  the  relative  value.-  of  the  angles  of  rope-obliquity  and  of 
drum-inclination  are  there  shown  graphically  in  bird's-eye  vieWj  which  assists 
materially  one's  sense  of  proportion.  That  is  the  purely  theoretical  case,  but 
the  "eye  of  the  engineer"  (to  quote  a  previous  writer)  will  be  swift  to  see 
that  the  drum-inclination  dictated  by  theory  may  be  substantially  exceeded 
with  perfect  safety,  if  a  larger  inclination  should  be  desired  to  satisfy,  or 
assist  in  satisfying,  requirements  beyond  those  particularly  discussed  in  this 
paper. 


Mr.  John  Stone?  (Tyldesley)  wrote  that  while  Mr.  Halbaurn 
w;i-  sounding  the  praises  of  the  conical  drum  as  compared  with 
the  cylindrical  drum,  it  would  be  advisable  to  bring1  forward 
the  difficulty  experienced  in  decking'  in  shafts  where  a  conical 
drum  was  installed. 

He  (Mr.  Stoney)  had  already  contributed  some  remarks 
directed  against  overlapping  of  the  rope,*  on  account  of  the  time 
which  would  be  lost  at  mines  where  tall  cages  were  used,  and 
the  same  objections  applied  in  the  present  case.  It  was  not 
possible  to  deck  the  cage  both  at  the  top  and  at  the  bottom  of  the 
shaft  at  the  same  time  at  mines  where  there  were  three  or  more 

*  Trans.  Inst.  M.  E.,  1915,  vol.  xlix.,  page  138. 

VOL.  LW.-lyl41915.  29  E 
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decks  and  no  keps.  The  descending  rope,  when  the  cage  was 
at  the  bottom  of  the  shaft,  was  on  a  smaller  diameter  of  drum 
than  that  of  the  ascending  rope  :  consequently,  less  rope  was  let 
off  to  deck  the  bottom  cage  than  was  wound  on  to  deck  the  top 
cage;  and,  since  the  cages  were  of  the  same  length,  there  was  an 
irregularity  in  landing  the  decks.  Where  an  engineer  had  to 
wind  from  a  depth  of  450  yards  and  to  deck  three  decks,  one  at 
a  time,  the  whole  to  be  accomplished  in  a  minute,  there  would 
not  be  time  in  which  to  keep  the  cages  working  about  a  little 
.so  as  to  allow  of  the  man  working  the  trams  in  and  out. 

"Where  keps  were  employed  at  the  shaft  there  would  be  slack 
rope  at  each  wind,  and  the  lash  given  to  the  rope  when  picking 
the  cages  off  the  keps  would  have  a  very  damaging  effect  on  the 
rope.  Mr.  Halbaum,  in  the  Appendix  to  his  paper,  had  spoken 
very  strongly  against  the  use  of  keps,  owing  to  the  great  acceler- 
ating force  put  on  the  rope ;  and,  since  he  had  upheld  the  conical 
drum  against  the  cylindrical  drum,  the  use  of  keps  being  dis- 
carded, it  would  be  well  to  ascertain  how  one  could  deck  both 
at  the  top  and  at  the  bottom  without  any  difficulty  in  landing 
the  decks. 

It  would  be  interesting  also  to  know  how  to  overcome  the 
difficulty  in  the  Kcepe  and  Whiting  systems  when  an  accident 
occurred,  such  as  resulted  in  the  necessity  of  winding  with  only 
one  cage — owing*,  it  might  be,  to  an  obstruction  in  the  shaft,  a 
broken  rope.  etc.  In  the  case  of  the  simple  cylindrical  drum, 
winding  could  take  place  at  one  side  only,  a  condition  which 
obtained  in  mining  practice. 

With  regard  to  the  Koepe  system,  it  was  difficult  to  imagine 
that  there  would  be  no  slipping  of  the  rope  round  the  pulley 
when  the  brakes  were  applied,  and  the  rope  was  coiled  only 
over  half  the  circumference  of  the  pulley.  Moreover,  a  much 
greater  braking  power  was  required  with  this  half-coil  alone  than 
when  the  rope  was  coiled  round  the  pulley  through  a  greater 
angle,  as  in  the  Whiting  system.  In  underground  haulage, 
where  the  Kcepe  system  obtained,  considerable  slipping  of  the 
rope  round  the  pulley  occurred  when  the  brake  was  applied.  In 
his  (Mr.  Stoney's)  experience  he  had  found  that  when  the  brake 
had  been  suddenly  put  against  the  wheel,  the  wheel  had  stopped 
and  allowed  the  rope  to  glide  round  it  without,  apparently,  any 
retardation  whatever. 
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Mr.  Halbaum  had.  in  the  Appendix  to  his  paper,  tabulated 
the  values  relating  to  coil-friction.  The  table  oi  values  was  well 
sel  out  ;ind  comprehensible;  but,  in  working  out  these  values  of 
coil  friction  from  first  principles,  it  would  be  assumed  thai  there 
was  ;i  liui])  rope  and  not  one  with  a  spring  in  it,  as  in  the  case  of  a 
steel-wire  rope.  It  should  also  be  remembered  thai  there  was  not 
the  same  stress  in  the  rope  throughout  the  wind,  but  one  that  was 
always  changing. 

Mr.  John  Morison  (Newcastle-upon-Tyne)  wrote  thai  he  had 

read  with  much  interest  Mr.  Qaibauni's  able  paper,  and  wished 
in  the  hist  place  to  compliment  him  upon  the  extreme  care  with 
which  he  had  gone  into  the  subject. 

I'Ik'  paper  dealt  to  a  Large  extent  with  the  Whiting  system, 
and  he  would  be  interested  to  know  whether  this  system  had 
been  largely  adopted  in  this  country  on  any  considerable  scale 
in  regard  to  size  and  capacity  of  plant.  If  so,  one  would  like 
to  know  where  the  plant  could  be  seen,  and  also  to  hear  where 
the  use  of  it  had  been  extended  after  experience.  The  system 
was  of  considerable  importance,  owing  to  the  possibility  of  ad- 
justing the  length  of  the  ropes,  in  addition  to  the  difficulties 
which  it  overcame  in  the  lead  to  the  pulleys. 

The  author  had  mentioned  that  it  was  not  necessary  to 
lengthen  or  shorten  the  winding-rope  in  British  practice,  but  he 
(Mr.  Morison)  did  not  quite  agree  that  this  was  so:  for,  given 
convenient  facilities,  the  necessity  existed,  and  would  probably 
be  taken  advantage  of — for  example,  in  sinking  with  two  kibbles, 
in  winding  water,  and  in  raising  coals  from  two  or  more  levels. 
He  had  on  more  than  one  occasion  adopted  the  plan  of  clutching 
one  drum,  in  which  case  the  winding-drum  consisted  of  two 
separate  drums,  one  of  which  was  loose  on  the  drum-shaft.  For 
adjusting  ropes  after  recapping,  a  convenient  arrangement — 
which  was  also  used,  in  at  least  one  instance  to  his  knowledge,  in 
connexion  with  a  large  winding-engine  with  a  heavy  load — was  a 
small  inner  drum  upon  which  some  spare  rope  was  coiled,  and 
which  could  be  let  off  for  adjustment  and  then  locked. 

The  differential  pulley  described,  consisting  of  divided  rings 
on  the  pulley-rim,  had  been  found  in  heavy  haulage  systems  to 
be  an  essential  arrangement  for  taking  up  differential  wear  on 
the  grooves,  and  he  thought   that    he  had  hist  seen  this  arrange- 
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Hi-en t  on  the  driving  wheels  in  a  power-station  of  the  Edinburgh 
cable  tramways. 

The  author  had  incidentally  drawn  attention  to  the  dis- 
advantageous effect  of  keps.  The  use  of  keps  had  but  recently 
been  made  compulsory  by  legislation.  For  many  years  pre- 
vious to  this  legislation  he  had  abandoned  the  use  of  keps  in 
several  instances  without  experiencing  any  difficulties  or  ill 
effects,  and  he  agreed  with  Mr.  Halbaum  that  in  many  respects 
keps  were  disadvantageous. 

In  Table  I.  a  comparison  was  made  between  the  "  orthodox 
text-book"  system  and  the  modern  "Whiting"  system.  The 
table  suggested  the  possible  use  in  winding  of  a  rope  9|  inches  in 
circumference  for  winding  a  load  consisting  of — coals,  10  tons; 
tubs.  4  tons  ;  cage  and  chain,  8  tons  ;  or  a  total  of  22  tons,  without 
any  weight  given  for  the  rope.  A  6|-inch  rope  would  give  a 
weight  in  the  shaft  of  about  6|  tons,  making  the  gross  load  on 
the  pulley  about  28^  tons.  A  plough-steel  rope  of  this  size  would 
bear  a  breaking-strain  of  18T  tons,  and  therefore  if  such  a  rope 
were  used  there  would  be  a  so-called  factor  of  safety  exceeding  6 
to  1.  As  apparently  the  load  on  the  pulley — apart  from  the  rope 
— would  be  the  same  in  both  systems,  he  could  not  quite  follow 
why  the  tables  should  suggest — according  to  the  text-book  system 
— the  use  of  using  so  heavy  a  rope  as  one  that  was  9|  inches  in 
circumference,  and  he  would  ask  Mr.  Halbaum  to  explain  more 
clearly  why  he  had  adopted  a  table  which  suggested  so  anomalous 
a  condition.  In  determining  the  factor  of  safety,  it  seemed  neces- 
sary, according  to  his  views,  to  take  the  whole  of  the  circum- 
stances into  account.  Safe  working  would  be  effected  with  a 
heavy  load  with  a  much  lower  factor  of  safety — say,  of  3  to  4  or 
4  to  5  to  1 — than  with  a  comparatively  light  load,  because  the 
margin  between  the  breaking-strain  and  the  working  load 
measured  in  actual  stress  would  be  a  great  deal  more  in  the  case 
of  the  heavier  load. 

The  author — probably  of  set  purpose — had  made  no  reference 
to  the  practicability  of  coiling  the  winding-rope  upon  itself  in 
two  or  more  turns  on  a  narrower  drum.  He  (Mr.  Morison)  had  in 
several  cases — admittedly  more  from  necessity  than  from  choice 
— adopted  this  expedient,  and  his  experience  rather  led  him  to 
the  conclusion  that  there  were  many  instances  where  this  plan 
could  be  adopted  without  serious  effects  upon  the  ropes,  such  as 
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undue  wear  or  distortion;  and  such  disadvantages  as  there  were 
mil.' lit  be  eliminated  almost  entirely  by  careful  design  of  tlie 
climbing  arrangements  on  the  drum-flanges.  In  mos1  cases 
heavy  winding-ropes  were  now  condemned  by  Ad  of  Parliament 
when  lli«'  rope  was  quite  good,  and  in  cases  which  had  come  under 
his  own  observation  very  Little  if  any  damage  could  he  observed 
through  winding  the  ropes  in  more  than  one  coil  on  the  drum. 

Mr.  A.  Hanley  (Bristol)  wrote  that  Mr.  Halbaum  had  per- 
formed a  great  service  in  reminding  mining"  engineers  of  the 
necessity  of  economy  and  safety  in  winding,  and  for  recapitulat- 
ing some  of  the  elementary  tads  too  often  forgotten.  The 
mechanics  of  winding  had  to  he  reduced  to  their  natural  elemen- 
tary simplicity,  in  order  to  he  readily  understood  by  those  who 
had  to  use  them. 

The  cumbrous  masses  of  machinery  so  common  nowadays 
were  mostly  unnecessary,  often  a  useless  expense,  and  sometimes 
a  danger.       They  often  wasted  force  instead  of  using  it  for  work. 

Keepe  demonstrated  once  and  for  all  time  that  in  order 
to  wind  a  pair  of  pit-cages  the  following  only  were  re- 
quired :  (1)  an  engine,  (2)  two  narrow  pulleys,  and  (3) 
a  piece  of  rope  1\  times  the  depth  of  the  shaft.  Xo  real 
objections  were  raised,  the  usual  "objections"  being  more  or 
less  "  stale  ideas."  Some  people  did  point  out  that  if  the  rope 
broke  both  cages  would  fall,  but  that  idea  could  have  no  refer- 
ence to  British  mines,  because,  in  Britain,  the  practical  possi- 
bility of  a  cage-rope  breaking  was  not  admitted — except,  of 
course,  for  the  purpose  of  legal  enquiries,  reports,  etc.  If  rope- 
breakages  were  admitted  as  an  argument  against  the  Koepe  sys- 
tem, the  necessity  of  cage-arresters  or  safety-catches  must  also  be 
recognized.  Foreign  engineers  adopted  both,  and  as  a  result  found 
great  economy  in  cost  of  machinery,  with  increased  safety  both 
to  ropes  and  to  cages — an  economy  such  as  made  it  difficult  to 
conceive  that  British  firms  would  forego  these  advantages. 
Foreign  engineers  were  even  prepared  to  use  safety-catches  the 
weight  of  which  varied  from  30  to  50  per  cent,  of  the  weight 
of  the  full  cages,  rather  than  be  put  to  the  constant  expense  of 
power-wastage  and  rope  and  machinery  expense.  If  "  unsuitable 
safety-catches "  were  once  a  reasonable  disadvantage,  the 
ground   for  such   an   idea   was  removed   in   1907,   when   it  was 
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demonstrated  that    apparatus    existed   that  could   arrest   fifteen 
times   more  cage  weight    (CW)   per   square  inch  of  guide   area 

irmr 


Fig.  12. —  Front  Elevation  of 
dourle-decked  cage  fitted 
with  the  hanley  cage 
Guardian. 


Fig.    14.— Cage     Guardian 
used  on  a  Rope-guide. 

(GtA),  and  was  also  a  twentieth 
part  of  the  weight  (WC)  of  the 
best  of  all  foreign  and  colonial 
safety-catches.  Even  the  use  of 
old-time  and  limited  -  efficiency 
catches  proved  to  be  a  great 
economy  as  well  as  a  safety;  the 
safety-catch  notion  need  not,  there- 
fore, disturb  anyone. 

Figs.  12  and  13  showed  the 
front  elevation  and  plan  respec- 
tively of  a  double-decked  pit-cage 
fitted  with  the  Hanley  cage  guard- 
ian. The  cage  working  guides 
(WWG)  were  rigid  and  made  of 
wood,  whilst  the  guardian  was 
used  on  a  separate  rope  (RSG)  as  a 
safety-guide.  This  safety-guide 
was  fixed  both  to  the  sump  baulk  and  at  the  top  of  the  headgear. 


In..  13.  Plan  of  Double- 
decked  Cage  fitted  with  the 
Hanley  Cage  Guardian. 
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Thf  separate  rope-guide 
working  guide  (IT  WG). 


(RSG)  was  placed   L2  inches  from  the 
The  weighl  of  the  cage  (CW),  includ- 


FlG.   15. — Front  Elevation 
of    Cage     fitted     with 

THE  "DrKADNOWT"  COM- 
BINED Cage- akresthr 
and  Detaching-hook. 
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Fig.    16.— Plan   of   Cage 
fitted       with       the 

"  DrEADNOWT  "  COM- 
BINED Cage-arrester 
and  Detaching-hook. 


Fig.  17.  -Showing  Cage- 
working  Rope-guide. 

ing  half  the  winding-rope,  was  90 
cwt.  per  square  inch  of  the  area 
of  the  safety-guide.  The  separate 
rope-guide  had  only  a  slight  tight- 
ening tension  besides  its  weight,  so 
that  it  had  little  to  do  except  to 
arrest  the  cage. 

Fig.  14  showed  the  cage  guard- 
ian used  on  a  working  rope-guide 
I  AMI  (t)  of  a  cage  using  locked-coil 
and  ordinary  rope-guides.  The 
working  guide  had  a  spring  ten- 
sion-gear. After  a  dozen  cage- 
arresting  tests,  one  spring-coil 
only  was  found  to  be  partly 
•  lacked.  The  weight  of  the  cage 
'f  II  )  was  over  70  cwt.  per  square 
inch  Cbesides  working  stresses)  of 
the    working    rope-guide.      These 
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rope-guides  actually  withstood  the  arrest  of  a  greater  extra  load 
than  was  allowable  in  ordinary  engineering-  practice  on  bridge 
and  other  girders. 

Figs.  15,  16,  and  17  showed  the"  Dreadnowt, '"which  was  a  com- 
bined cage-arrester  (of  an  improved  kind)  and  a  detaching-hook 
used  in  connexion  with  the  cage-working  rope-guide  (Fig.  17)  and 
fitted  to  the  separate  rope-guide  (RSG)  shown  in  Figs.  15  and  16. 
The  trigger-mechanism  F  (Fig.  17)  operated  like  a  crab-brake  on 
a  cycle,  gave  a  kick-twist  to  the  arm  A,  and  impinged  with  slight 
cushion-impact  on  the  guide  (if  the  rope  broke),  ensuring  the 
rocking  of  A  in  a  grip  position.  A2  was  fixed  solid  with  H ; 
whilst  A  was  loose  on  the  shackle-pin.  If  an  accident  should 
break  the  arrangement  F  (at  normal  winding),  it  would  not  grip 
the  guide — that  is.  it  was  danger-proof.  In  Fig.  17  the  spring  K 
regulated  the  swing  velocity  ratio  of  A  to  the  vertical  velocity  of 
the  cage.  The  weight  (WC)  of  these  arresters  varied  from  1  to 
1'5  per  cent,  of  the  weight  of  the  full  cage  (CW). 

The  adaptation  of  cage-arresters  to  separate  guides  enabled 
firms  to  use  up  their  old  winding-ropes,  to  economize  in  the  cost  of 
arresters,  to  facilitate  cage-arresting  experiments  and  tests,  and 
eliminated  all  fear  of  weakness  in  connexion  with  rope-working 
guides.  So  long  as  a  cage-arresting  guide  had  a  margin  of 
safety  of  three  times  the  weight  of  the  cage  (or  its  proportion  of 
weight  where  two  or  more  guides  were  used),  no  injury  was  done 
to  the  guide-wires  by  the  arrest  of  the  cage. 

The  Whiting  system  was  evidently  more  suited  to  British 
practice.  Its  introduction  seemed  to  leave  little  room  for  the 
use  of  large  drums.  Now  that  rope-makers  had  acquired  their 
time-limit  for  use  of  a  winding-rope,  their  advocacy  of  big  drums 
and  their  opposition  to  safety-catches  had  lost  its  raison  d'itn  . 

There  would  always  be  a  few  cases  where  drum  winding 
wi  aid  prevail,  but  in  each  case  the  particular  reasons  for  such 
winding  must  be  ascertained,  and  the  type  of  drum  suited  for 
special  purposes  adopted. 

Thus,  if  (1)  the  plain  parallel  drum  were  used,  it  need  be 
only  half  the  usual  width,  each  rope  coiling  on  the  path 
previously  left  by  its  fellow.  If  (2)  a  drum  to  start  and  stop 
the  <;io-eS  slowly  were  required,  a  double  conical  drum,  half 
mal  width,  could  be  obtained,  and  one  rope  could  wind  on 
the   space  left  by  its  fellow.        If  (3)   a  drum   to   eliminate  the 
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mechanical  necessity  of  winding  controllers  were  required,  the 
oidinary  parallel  or  conical  drum  with  reversing  clamp  and  sump 
balance-table  could  be  used  ;  and  so  on. 

The  author  might  have  mentioned  the  truncated  drum.  The 
preseni  writer  found  one  such  drum  especially  good,  as  the  brake- 
retardation  efforl  was  always  nearest  to  the  drum  effort  on  the 
rope,  and  there  was  the  least  possible  moment  of  reaction  from 
the  rope  pressure-poinl  to  the  brake-surface. 

The  author's  ideas  of  angle  friction  seemed  partly  miscon- 
ceived, as  he  appeared  to  assume  that  the  pulley  edge  was  only 
the  width  oi  the  rope.  As  a  matter  of  fact,  the  angle  A"  between 
the  side  :>l  the  mpe  and  the  pulley  side  was  greater  than  the 
angle  .1  of  lateral  friction.  One  had  only  to  place  a  piece  of 
paper  between  any  two  coils  of  rope  (before  the  second  coiled 
againsf  the  first)  in  order  to  note  the  practical  absence  of  lateral 
friction,  except  in  the  case  of  a  side  surge  of  the  rope.  The 
same  side  surges  accounted  largely  for  uneven  coiling-  and  any 
apparent  friction. 

The  author    had    pointed  out  that  parallel  drums   had    four 
faults.'*     These    were   not  faults,    but   limits  of  service.        A 
mechanical  structure  possessed  certain   features  capable  of  per- 
forming <  ertain  duties,  and  the  engineer  who  used  it  to  do  work 
outside  its  limits  could  not  blame  it  or  call  it  faulty. 

The  author's  remarks  on  factors  of  safety  left  out  the  main 
feature  -the  fact  that  the  real  strength  of  a  rope  was  not  a  fixed  or 
calculable  quantity.  A  rope  was  a  tensile  resistance  member  be- 
tween the  drum  and  the  cage  ;  one  end  of  the  rope  resisted  the  drum 
effort  (DE),  and  any  other  section  resisted  the  downward  stress 
of  the  cage  and  rope  (CIV)  below  the  section.  No  engine-force 
was  transmitted  to  or  through  the  rope  to  the  cage.  The  rope 
wires  were  not  equal  in  length,  in  sectional  area,  or  in  homo- 
geneity of  material  or  temper:  the  shortest  wires  took  the  stress, 
and  the  weakest  sec!  ion  took  the  strain.  ISo  formula1  could  ever 
indicate  how  great  a  stress  the  rope's  weakest  section  would 
resist.  The  ordinary  pull  machine,  whilst  useful  to  manufac- 
turers for  some  comparative  purposes,  gave  no  useful  idea  of 
what  cage  forces  the  rope  could  resist.  In  practice,  of  course, 
the  only  thing  to  do  was  to  obtain  a  "good  "  rope  and  to  super- 
vise it  strictly;  but,  at  the  same  time,  it  was  not  wise  to  talk 
about  the  strength  of  a  winding-rope  one  month  after  it  had 
begun  to  do  work.      "  Attrition  "  was  easily  noted,  but  the  inter- 
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nal  state  of  the  wire's  molecular  cohesion  was  always  a  moot 
point,  and  varied  with  the  method  of  force  applied. 

The  author  was  difficult  to  follow  in  some  of  his  formulae,  as 
lie  appeared  to  mix  "  kinetic  "  with  "  static  "  stresses.  The  force 
quantity  (CW)  in  a  cage  did  not  increase  in  a  wind,  but  over- 
coming' its  inertia  changed  the  state  of  the  actual  particle-gravi- 
tational forces  from  a,  state  of  rest  to  a  state  of  energy.  The 
terms  "speed,"  "velocity,"  "acceleration."  "deceleration," 
"  retardation,"  and  such-like  phrases  were  merely  qualifying  and 
comparative  terms  of  human  convenience — not  of  mechanical 
force  value  per  se.  Unless  exact  distinction  were  made,  popular 
phrases  merely  stereotyped  misunderstanding. 

Other  tilings  being  equal,  the  higher  speed  did  require  a 
higher  margin  of  rope  resistance  (or,  say,  factor  of  safety),  for 
the  simple  reason  that  speed  indicated  greater  activity  of  the 
molecular  forces,  and  the  vibration  of  these  forces  was  the  chief 
factor  in  causing  brittleness  in  the  wires,  which  constituted  the 
chief  source  of  weakness  of  the  wire — exhaustion  of  metallic 
cohesion.  At  the  moment  of  acceleration  and  deceleration  this 
action  was  intensified.  Of  course,  the  higher  velocity  performed 
the  most  commercial  work;  but,  still,  the  factor  of  safety  should 
be  reckoned  from  its  highest  working  dynamic  stress,  and  not 
from  the  greatest  static  stress  or  weight  of  parts.  Deceleration 
probably  inflicted  a  greater  strain  on  the  wire  than  acceleration, 
and  the  act  of  stopping  a  cage  at  the  surface  reverse-point  was 
often  as  bad  as  picking  up  the  cage  quickly  with  slack  chain. 

Xot  long  ago  the  writer  investigated  a  case  where  the  cage 
came  up,  reversed  at  bank,  and  the  rope  instantly  broke  whilst 
the  chief  mechanic-al  engineer  was  looking  at  it.  About  the 
same  time,  he  investigated  a  case  of  a  winding-rope  which  had 
broken  on  the  drum-shaft,  so  that  the  question  of  ropes  and 
their  breakages  seemed  to  pass  the  wit  and  defy  the  formula?  of 
clever  men.  As  to  ropes  breaking  on  the  downward  journey, 
there  existed  no  normal  cases  where  this  had  occurred,  except  (1) 
where  the  winder  had  retarded  the  cage  and  the  retardation 
effori  (upward)  had  broken  the  rope  (in  that  case  the  cage  prac- 
tically came  to  rest,  and  any  safety-catch  would  operate);  and 
(2)  where  a  descending-  cage  met  an  obstruction,  the  cage  was 
checked,  slack  rope  occurred,  the  cage  tumbled  off  or  smashed 
the  obstruction,    the  winder   had    noted   something  wrong,   and 
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stopped  bis  drum,  and  the  falling1  cage  snapped  the  rope  (in  this 
case  any  safety-catch  would  act,  and  at  least  one  type  would  also 
prevent  the  rope  from  breaking  and  would  also  arresl  the  cage). 

A-Ccording  to  ordinary  formulae  the  nunc  quickly  a  cage  de- 
scended the  less  was  the  stress  on  the  rope,  so  that  if  the  reverse 
eheek  effort  at  (he  bank  did  not  break  a  good  number  of  wires, 
there  appeared  no  particular  reason  why,  on  the  downward 
journey,  the  rope  could  break.  In  case  (1)  the  cage  came  to  rest. 
or  nearly  so.  before  the  rope  broke;  in  ease  (2)  the  rope  came  to 
rest.  In  both  eases  the  stress  on  the  lower  section  of  the  break- 
age was  greater  than  the  resistance  of  the  upper  pari  of  the 
section.  There  was  no  record  of  any  rope  breakage  with  the 
rope  going  downward  at  a  velocity  of  over  2  feet  per  second  at 
the.  moment  of  breakage.  As  probably  not  1  per  cent,  of  break- 
ages occurred  on  a  downward  wind,  one  need  not  be  disturbed 
at  the  arrest  of  such  cages  at  the  time  of  breakage. 

The  author's  remarks  on  keps  tame  rather  late.  In  neglecting 
to  note  the  experiments  mentioned  the  opportunity  of  building 
up  the  case  against  the  universal  usage  of  keps  had  been  lost. 
The  keps  were  to  please  the  men  who  liked  to  "  drop  solid  "  and 
"feel  firm";  and  so  their  views  were  met.  As  they  had 
developed  a  knack  of  striking  for  safety-tackle  for  the  shaft,  the 
technics  of  the  matter  were  overlooked.  It  might  be  true  that 
"  keps  of  any  kind  "  satisfied  the  Act,  but  many  mining  men 
recognized  that  the  Act  left  ample  room  for  the  display  of  enter- 
prise and  common  sense  in  regard  to  the  form  of  keps  applied; 
and  a  glance  through  the  Transactions  of  the  Institution  and 
the  records  of  the  Patent  Office  supplied  sufficient  examples  to 
choose  from.  It  was  true  that  in  some  cases  the  use  of  keps 
militated  against  the  rope;  but  there  were  many  cases  where  the 
provision  of  keps  was  an  advantage,  in  addition  to  their  parti- 
cular purpose  of  safety.  Although  a  shaft  must  be  fitted  with 
keps.  the  law  did  not  compel  their  use  during  each  wind. 

In  winding,  as  in  other  operations,  the  conditions  and  circum- 
stances of  each  case  and  the  features  of  efficiency  of  service  of 
every  type  ol  mechanism  must  be  constantly  kept  in  mind.  The 
humble  jack-roll,  in  some  conditions,  was  a  better,  cheaper,  and 
safer  thing  than  the  latest  winding  mechanism. 

Mr.  G.  W.  Westgarth  (Cardiff)  wrote  that  he  would  like 
to  offer   a   few    observations   without   attempting   to   follow    the 
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writer  in  his  theoretical  deductions.  He  might  state  that 
a  consideration  of  the  problem  of  the  lateral  friction  of  winding- 
ropes,  as  previously  dealt  with  by  the  writer,  naturally  involved 
taking  into  account  the  drums  with  which  the  ropes  were  con- 
nected and  their  relative  positions  in  regard  to  the  pulleys,  and 
however  much  he  might  disagree  with  the  author's  conclusions, 
he  thought  the  paper  ;i  valuable  contribution  to  the  Transactions 
of  the  Institute. 

Mr.  Halbaum  had  made  a  very  careful  comparison  of  the 
advantages  and  disadvantages  of  parallel  or  cylindrical  drums, 
the  conical  drum,  and  the  Koepe  pulley,  the  Morgan  drum,  and 
the  Whiting  system  of  winding,  coupled  with  the  Walker 
differential  drum,  and  had  considered  each  of  these  particularly 
from  the  point  of  view  of  lateral  friction,  with  the  object  of 
showing  how  the  ropes  could  be  centred  within  certain  lateral 
angles. 

He  (Mr.  Westgarth)  thought  that  there  were  other  reasons 
than  those  given  by  the  author  for  the  popularity  of  the  parallel 
drum,  and  he  would  give  two  of  them: — (a)  The  bending  strain 
on  the  rope  is  uniform  throughout  the  entire  wind ;  and  (b) 
when  the  rope  subtends  its  maximum  lateral  angle,  where  the 
pulleys  are  spaced,  the  load  is  at  its  minimum. 

He  thought  that  Mr.  Halbaum  was  under  a  misapprehension 
when  he  stated  that  "  in  this  country,  the  Koepe  system  is 
practically  known  only  by  repute  and  not  experimentally."  He 
had  seen  two  installations  of  the  system  in  this  country,  one  in 
the  Cannock  Chase  district,  and  the  other  in  a  pit  of  consider- 
able depth  in  Staffordshire,  and  he  had  no  doubt  that  it  would 
be  highly  interesting  if  some  information  concerning  the  cost  of 
the  ropes,  including  the  necessary  tail-ropes,  could  be  obtained 
from  the  two  collieries  where  it  was  in  use.  One  of  them  he 
had  reason  to  believe  was  still  in  use,  but  the  other  (he  thought) 
had  been  abandoned.  It  was  interesting  to  note  the  several 
instances  quoted  in  which  the  system  was  employed  in  other  coun- 
tries :  but  it  would  have  added  materially  to  the  value  of  the 
paper  if  Mr.  Halbaum  could  have  given  particulars  of  the  rope 
costs  in  each  ease. 

I  n  the  comparison  between  the  orthodox  text-book  system  and 
the  modern  Whiting  system,  the  weight  of  rope  in  use  in  the 
former  case  (72  tons)  included  both  the  weight  of  the  winding- 
ropes  and   the  weight  of  the  tail-rope. 
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A<  it  w;is  impossible  to  have  more  than,  say,  2,000  yards  of 
rope  in  tin'  shaft  at  any  gives  moment,  lie  estimated  that  the 
weights  tor  ropes  of  the  sizes  specified  would  lie.  roughly,  42 
tons  and  22  tuns  respectively;  and  as  a  tail-rope  in  the  former 
system  was  nut  absolutely  necessary,  lie  was  of  the  opinion  that 
the  former  weighi  (42  tons)  should  he  substituted  for  the  72 
tons  given  in  Table  I.  Of  course,  if  a  tail-rope  were  to  be 
included  in  considering  the  orthodox  system,  then  keps  would  be 
as  unnecessary  as  in  the  Whiting  system;  consequently,  the 
sudden  jerks  which  Mr.  TIalhauni  thought  were  so  great  a  boon 
to  rope-manufacturers  would  not  occur,  and  the  actual  factor  of 
safety  would  not  he  adversely  affected  under  such  an  arrange- 
ment. 

The  facility  with  which  the  Whiting  system  provided  for 
winding  either  cages  or  skips  from  variable  depths  or  levels  was, 
in  his  opinion,  one  of  its  most  important  advantages.  Accord- 
ing to  the  "  run  "  provided  for  the  tension-carriage,  so  might 
the  actual  winding  depth  be  regulated;  but,  in  comparing  this 
system  with  the  orthodox  system,  he  thought  that  the  magni- 
tude of  tlie  bending-strains  and  the  general  action  of  the 
tension-carriage  or  bogie  ought  to  be  placed  as  disadvantages 
against  the  system.  If  it  were  presumed  that  the  ropes  in  the 
shaft  were  shortened  by  1,000  feet  or  more,  it  would  follow  that 
the  tension-carriage  would  have  to  be  fixed  at  a  corresponding 
distance  from  the  engine  on  the  surface,  and  suitable  supports 
would  have  to  be  provided  over  such  a  distance  for  the  rope  to 
travel  over,  or  the  rope  would  have  to  run  with  a  "  sag  "  be- 
tween the  engine  and  the  tension-carriage.  Mr.  Halbaum 
might  think  these  details  negligible,  but  he  (Mr.  "Westgarth) 
ventured  to  suggest  that  they  were  of  sufficient  importance  not 
to  be  ignored  in  making  such  a  comparison. 

With  regard  to  the  drum  of  theory,  he  remembered  seeing 
an  example  of  a  spherical  drum  at  one  of  the  Tredegar  pits,  and 
he  had  recommended  the  use  of  a  modified  form  of  the  spherical 
drum  in  another  case,  where  the  coiling  of  the  rope  was  unsatis- 
factory. Although  the  lateral  friction,  as  previously  defined, 
was  very  much  reduced  during  the  latter  part  of  the  wind,  he 
had  reason  to  believe  that  the  friction  of  the  rope  on  the  pulley- 
flange  was  considerably  increased.  This  (he  thought)  might  be 
measured  by  the  difference  between  the  diameter  of  the  rope  and 
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the  depth  of  the  pulley-flange  ;  and  if  ropes  were  centred  at  the 
end  of  the  wind,  he  had  no  doubt  that  the  friction  at  the  puller- 
flange  would  be  increased  considerably  at  the  moment  when 
the  load  is  greatest. 

He  desired  to  congratulate  Mr.  Halbaum  upon  his  most 
interesting  contribution,  and  on  having  illustrated  so  thoroughly 
the  geometry  of  the  theoretical  drum,  and  he  had  no  doubt  that 
the  paper  would  be  of  great  service  to  the  members  of  the 
Institute. 

Mr.  A.  du  Pasquier  (Manchester)  wrote  that  he  noted  that 
Mr.  Halbaum  did  not  claim  any  originality  for  ungrooved  cone 
drums.  He  (Mr.  du  Pasquier)  knew  of  one  such  drum  that  had 
been  working  at  one  of  the  Bolsover  collieries  since  1905,  the 
details  of  which  were  as  follows: — Diameters,  17J  and  19|  feet; 
centres  of  pulleys,  5 J  feet.  The  pulleys  centred  in  approxi- 
mately the  mid-wind  position,  the  maximum  angle  of  lead  was 
1  in  50,  and  it  occurred  at  the  commencement  of  the  wind. 
The  angle  of  the  cone  was  approximately  19  degrees  20  minutes; 
the  drum  was  timber-lagged,  and  the  ropes  coiled  evenly  with- 
out lateral  spread.  The  usual  allowance  for  these  drums  was 
about  1  foot  in  -U,  or  approximately  12|  degrees.  One  was 
tempted  to  ask  what  was  the  use  of  such  an  arrangement.  There 
were  clearly  objections  to  the  device,  or  it  would  not  have  been 
practically  discarded,  as  was  the  case.  The  objections,  he 
thought,  were  threefold  :  (1)  to  a  certain  extent  it  complicated 
the  construction  of  the  drum  ;  (2)  it  rendered  the  use  of  a  tail- 
rope  difficult — for  example,  in  the  instance  mentioned,  if  the 
drum  coiled  full  with  an  equal  number  of  turns  on  each  side  of 
the  mid-drum  position,  the  length  of  the  loop  of  the  tail-rope 
would  be  increased  by  50  feet  during  the  wind,  equal  to  a  rise 
and  fall  of  25  feet,  which  was  an  objectionable  complication: 
nor  (3)  had  the  coning,  despite  its  rather  extreme  angle  (19^ 
degrees)  any  very  materially  beneficial  effect  on  the  statical 
moment.  Further,  there  was  a  danger  that,  in  the  endeavour 
to  keep  the  diameter  of  the  drum  at  a  normal  figure,  the  coning 
might  be  overdone,  and  with  variations  in  the  coefficient  of 
fiiet ion.  or  variations  in  the  tension  of  the  rope,  the  ropes 
might  slip  back  over  one  another  on  the  cone,  as  was  a  common 
experience  in  the  old  pegtop  days.       The  pegtop  was  rather  a 
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good  analogy,  more  particularly  as  ii  was  usually  not  possible  to 
get  very  much  tension  on  the  three  or  four  dead  turns.  For 
the-,,  reasons  such  drums  were,  he  thought,  obsolete,  nor  did  he 
think  iluit  Mr.  {lalbaum's  paper  would  revive  anything  hut 
perhaps  a  passing  interest  in  them,  the  truth  being  that  grooving 
the  drum  was  an  admirable  remedy  for  the  evils  which  the  coned 
drum  was  designed  to  remedy,  namely,  detrimental  side  pres- 
sure  and  lateral   spread. 

Lateral  spread  was  completely  cured  by  grooving,  and, 
although  tlif  side  pressure  remained,  it  was  a  very  different 
case  in  a  smooth  groove.  Moreover,  the  scrubbing  action  of 
rope  against  rope,  which  was  the  harmful  action,  was  entirely 
removed.  Further,  grooving  had  the  very  considerable  advant- 
age that  it  supported  the  rope  and  helped  to  distribute  the 
vertical  pressure  over  a  larger  area,  and  might  even  in  certain 
cases  be  justifiably  resorted  to  for  this   reason  alone. 

Turning  now  to  consider  the  Koepe  system,  there  was.  in 
his  opinion,  very  much  to  he  said  in  its  favour.  It  possessed 
the  smallest  inertia  of  any  winding  system,  and  made  the  least 
demand  upon  the  rope.  Its  disadvantages  were  that  a  tail-rope 
was  necessary,  and  slipping  was  likely  to  take  place  if  certain 
maximum  loads  were  exceeded.  It  was  also  sometimes  stated 
that  there  was  trouble  with  the  overwind  trips  and  marks  due  to 
creeping,  but,  if  this  occurred,  it  was  very  easily  and  readily 
rectified.  Another  important  point  in  its  favour  was  that  it  could 
fairly  be  claimed  that  overwinding  was  impossible  if  there 
was  any  solid  stop  at  the  pit-bottom  a  short  distance  below 
the  landing  level,  as  directly  the  downgoing  cage  became 
solid  the  rope  would  slip  if  the  brakes  were  not  correctly 
applied.  This,  of  course,  amounted  to  an  overwind  at  the  pit- 
bottom,  which,  if  it  took  place  at  any  speed,  was  destructive  to 
the  cage,  and  might  endanger  life  if  men  were  being  lowered  : 
but  there  were  at  present  many  reliable  forms  of  excess-speed 
devices  which  would  normally  prevent  the  bottom  cage  from 
landing  at  an  excessive  speed;  and  the  point  that  the  writer 
wished  to  make  for  the  Koepe  system  was  that  if  all  such  devices 
failed,  the  top  cage  at  least  would  not  he  overwound.  For  this 
reason  detaching-hooks  were  not  necessary  with  a  Koepe  system, 
and  exemptions  to  dispense  with  them  could  be  obtained.  One 
difficulty   with   the   Koepe   system    was   to   meet   the   regulations 
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regarding  the  capping  of  ropes,  as  it  was  impossible  to  carry  any 
coiled  spare  rope  on  the  wheel,  and  the  most  that  could  be  done 
in  this  way  was  to  allow  links  in  the  bridles  of  the  cages.  On 
the  other  hand,  it  might  be  fairly  claimed  for  the  Kcepe  system 
that  the  shocks  on  the  rope  were  so  small,  when  compared  with 
the  ordinary  methods  of  winding-,  that  the  necessity  for  frequent 
recapping  did  not  arise. 

Mr.  Halbauni  had  given  three  instances  of  Koepe  winding- 
engines  in  other  countries.  He  (Mr.  du  Pasquier)  thought 
tli at  the  following  supplementary  table  for  which  he  had  calcu- 
lated values  for  the  coefficient  of  friction  and  ratio  — -  might  be 
of  interest : — 

Kcepe  Winding-engines. 


Depth. 

Average 
net  load. 

Weight 
of  cage 
and  tubs. 

T. 

Weight      Tension 

ofrope-     ascending 
I     rops. 

t 

Tension 

of  down 

going 

rope. 

R 

T 

t 

g        Average 

Cosffiei   v?}f^f'  Diameter 
eot  of         „„,        of  wheel  ' 

fdction-  second. 

Feet, 

1     1,242 

.2       1,209 

t       1 ,  /  oo 

2       1,755 

I    2,199 

1  f   1.S06 
it    1,992 

Pounds. 

9,S00 
10.2)0 
12,200 

9,200 
14,250 

7,350 

10,250 

Pounds. 
22,380 
19,080 
22,980 
19,360 
17,380 

17,960 
13,S80 

Pounds. 
8,750    45,023 
7,450    40,403 
16,500    56,848 
12,300    44,946 
13,600    49,753 

11,900    40.931 
10,003    37,543 

31,130    1445 
26,530    1-525 
39,480    1-440 
31,660    1-420 
30,980    1-615 

29,860     1-375 
23,880    1  -570 

Feet. 

0  096    26-50       26i 
0-110    27  50       23 
0-095    24-50       21J 
0091    24-25       21J 
0-125    36-25       21 

0083    32-00      23 
0117    3600      21J 

Notes  on  the  foregoing  Table. 

Weight  of  cage  and  tubs. — la  these  figures  the  actual  weight  of  the  tubs  has 
in  each  case  been  estimated. 

Column   T. — This  includes  in  each  case  an  allowance  for  acceleration  at  3'2 

feet  per  second  per  second. 

Column  K.  — The  figures  for  the  coefficient  of  friction  corresponding  to  the  ratio 
T 
-  are  based  on  an  assumed  arc  of  contact  of  220  decrees. 


The  author  stated  that  the  Kcepe  system  was  known  only  by 
repute,  and  not  experimentally  in  this  country.  He  (Mr.  du 
Pasquier)  believed  this  to  be  literally  true,  but  there  was  a  Koepe 
winding-engine  nearing  completion,  of  which  he  had  given 
some  particulars  in  a  paper  communicated  to  the  South  Wales 
Institute   of  Engineers.*     In   this   case   the   arc   of  contact   was 

*  "  Electric  Winding  Engines  :  a  Comparison  of  Systems  and  the  Influence  of 
Drum  Profile  on  the  Performance  Obtained,"  by  A.  du  Pasquier,  Proceedings 
■of  the  South   Wales  Institute  of  Engineers,  1912,  vol.  xxviii.,  page  171. 
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T 
220  degrees,  and   R  1'36,  or,  allowing  for  acceleration, 

L'435.     This  figure,  if  one  used  Mr.  Halbaum's  formula  R  =  em, 

would  give  a  coefficient  of  friction  of  0094,  a  very  reasonable 

figure,   although  the  pit  was  comparatively  shallow  (800  feet). 

Nevertheless,    as   the  author  had  pointed   out,   the  system  was 

more  readily  adapted  to  greater  depth,  as  for  any  given  net  load 

.      T 
the  greater  the  depth  the  smaller  would  be  the  ratio  -j. 

A  rough  approximation  to  the  net  load  possible  for  any  shaft 
conditions  might   be  obtained  as  follows: — ■ 

Assuming  220  degrees  as  the  arc  of  contact  (that  is,  with  a 
guide-pulley)  and  a  safe  coefficient  of  friction  K  =  01,  then 
i?  =  T47,  which  meant  that  the  net  load  (including  acceleration) 
might  be  47  per  cent,  of  the  load  represented  by  the  cage,  tubs, 
and  rope,  or  3T  per  cent.,  allowing  an  acceleration  of  3'2  feet  per 
second  per  second,  which  would  normally  be  sufficient  for 
deeper   shafts. 

As  to  the  Whiting  alternative,  he  was  not  as  sanguine  as 
the  author ;  there  were  some  grave  objections  to  the  system,  and 
his  opinion  was  that  it  would  not  survive.  There  was  the  diffi- 
culty of  alignment  mentioned  in  the  paper,  and  there  was  the 
serious  difficulty  of  the  very  high  bearing  pressure  and  increased 
friction  losses  occasioned  by  the  pull  of  the  ropes  between  the 
two  Whiting  reels.  An  actual  case  might  illustrate  this  point. 
The  particular  hoist  was  raising  10,000  pounds  of  rock  from  a 
vertical  depth  of  4,000  feet,  the  skip  weighing  6,000  pounds, 
and  the  rope  14,400  pounds.  The  pull  on  the  rope  was,  there- 
fore, 30,400  pounds,  and  during  the  accelerating  period  this 
would  be  increased  to  33,150  pounds.  The  arrangement  of 
grooves  was  such  that  the  rope  passed  three  times  round  the 
Whiting  reels,  resulting  in  the  enormous  pull  between  the  two 
shafts  of  approximately  100  tons.  The  result  here  was  that 
after  some  time  one  of  the  20-inch  shafts  fractured  right  through 
the  middle  of  the  boss  of  the  reel,  since  which  time  the  hoist 
had  been  working  with  the  rope  making  only  one  complete  turn 
round  the  two  reels.  This  was  equivalent  to  N  =  l  in  Table  II. 
in  the  Appendix,  or  a  value  of  R  =  1'87,  with  K  =  01.  There 
was,  therefore,  little,  if  any,  advantage  in  regard  to  slip  over 
the    ordinary    Koepe    arrangement    with    a    guide-wheel,    allow- 

TOL.  LXY— 1914-1915.  30   E 
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ing    for    the    higher    value    of    K    permissible    with     a    Koepe 
wheel. 

Another  rather  interesting  point  was  that  there  was  little 
advantage  in  adopting  a  Whiting  system  instead  of  plain  cylin- 
drical drums  of  modern  dimensions,  so  far  as  the  inertia  was  con- 
cerned.     Again,    taking   an    actual   example,    in    the   case   just 

mentioned   the   moment   of   inertia   of  the   Whiting   hoist 

proper,    excluding   pit-head   sheaves,    but    including   guide    and 


Fig.   IS.— Whiting  Hoist  with  Guide-pulley  and  Motor  mounted 

BETWEEN    IT   AND   THE   LEADING   WHITING   REEL. 

WE2 

tension-pulleys,  was  40,000  pounds  feet,2  whereas  the    of 

the  cylindrical-drum  winding-engine  doing  identical  work  at  a 
neighbouring  shaft  consisting  of  two  11  foot  by  4-foot  drums  was 
only  28,000  pounds  feet.2  As  the  Whiting  reels  were  12  feet  in 
diameter,  this  might  not  be  quite  a  fair  comparison;  but,  after 
the  latter  figure  had  been  corrected,  in  proportion  to  the  respec- 
tive diameters  cubed,  it  became  36,400  pounds  feet2  ;  so  that  there 
was  no  advantage  in  this  direction  so  long  as  the  cylindrical 
drums  were  kept  within  reasonable  dimensions,  and  so  long  as 
no  attempt  was  made  to  coil  the  rope  in  one  layer  (in  this  parti- 
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cular  case  the  rope  coiled  four  fcimea  on  the  drums).  An  illus- 
tration of  this  Whiting  hoist,  whkh  was  one  of  the  largest  of 
its  kind,  might  be  of  interest  to  the  members.  Fig.  IS  showed 
the  guide-pulley  and  motor  mounted  between  it  and  the  leading 
Whiting  reel.  Fig.  19  showed  the  two  Whiting  reels,  and  the 
eddy-current  brake  mounted  on  the  second  shaft  could  just  be 
seen. 

In  conclusion,  he  would  like  to  suggest  that  the  ratio  of  the 
diameter  of  the  rope  to  the  diameter  of  the  drum  was  mislead- 


Fig.   19.     Whiting  Reels  with  Eddy-ctrrext  Brake  mounted 
on  Second  Shaft. 


ing,  as  it  took  no  account  of  the  degree  of  flexibility  of  the 
rope.  In  his  opinion,  a  comparison  should  be  made  between  the 
diameter  of  the  individual  wires  composing  the  rope,  the  gener- 
ally accepted  ratio  in  such  cases  being  1,000  to  1,  which  with  a 
suitable  rope  would  result  in  very  much  more  favourable  drum 
diameters  than  the  figures  quoted  by  the  author. 

Although  it  would  be  gathered  from  the  foregoing  remarks 
that  he  did  not  agree  with  the  author  in  all  his  claims,  he 
would  like  to  say  that  he  had  read  the  paper  with  much  interest 
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and  benefit  to  himself,  and  was  very  appreciative  of  the  amount 
of  work  that  its  preparation  must  have  entailed. 


Mr.  Hugh  Bramwell  (Pontypridd)  wrote  that  Mr.  Halbauni 
had  pointed  out  {he  several  admitted  advantages  of  the  Kcepe 
system  of  winding,  and  also  some  of  its  limitations,  hut  had 
omitted    to    mention  ,aj  ,u 

the  one  defect  which 
prevented  its  adop- 
tion in  this  country. 
The  Coal  Mines  Act 
required  winding- 
ropes  to  be  recapped 
at  intervals.  Those 
having  experience  in 
the  deterioration  of 
heavy  winding-ropes 
knew  that  broken 
wires  chiefly  appeared 
in  the  cap,  and  in 
that  part  of  the  rope 
which  was  adjacent  to 
it.  Hence  recapping 
and  cutting  at  inter- 
vals had  become  a 
general  practice,  even 
before  such  was  made 
compulsory.  It  was, 
however,  impossible 
to  recap  the  rope  in 
the  Koepe  arrange- 
ment without  intro- 
ducing considerable  lengths  of  adjusting  chains,  which  were  pro- 
hibited by  law.  On  all  the  many  occasions  in  this  country 
when  the  adoption  of  the  Koepe  system  had  been  considered, 
this  one  fact  had  proved  the  stumbling-block  in  the  way  of 
its  use. 

The  Whiting  system  did  not  present  this  difficulty  when  a 
tension-pulley  was  provided.  There  had,  however,  been  little  or 
no  experience  of  the  Whiting  system  in  this  country,  and  the 


Fig.  20. — Mb.  Halbaum's  Fig.  7,  as  amended 
by  Mr.  Hugh  Bramwell. 
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cans.'  of  its  comparatively  limited  adoption  in  the  United  States 
oi  America  and  South  Africa  was  understood  to  be  the  beavy 
wear  on  the  rope.  With  an  ordinary  drum,  each  part  of  the  rope 
bends  once  on  the  drum,  and  then  Ides  dead  during  each  wind. 
In  the  Whiting  system  each  pari  of  the  rope  bends  and  unbends 
round  the  two  driving  pulleys  and  the  tension-pulley  sis  or  eight 
times  in  each  wind,  depending  .in  the  number  of  coils  required 
(a)    (b)  (c)  *°  Provide  the  necessary 

The  number  of 


friction. 

NEGATIVE 

supping  limes  thai  a  rope  had  to 
bend  and  unbend  was 
probably  the  chief  factor 
determining  its  life. 

He  (Mr.  Bra  m  well) 
was  unable  to  understand 
Mr.  Halbaum  when  he 
spoke  of  the  rope  slipping 
(presumably  positive 

slipping — that  is,  in  the 
direction  of  the  pulley 
centre-line)  on  the  sur- 
face of  a  parallel  drum. 
When  out  of  the  line  of 
the  central  lead,  the  rope 
would  coil  diagonally  (as 
Mr.  Halbaum  had  stated) 


Fig 


21. — Illustrating  Mr.  Hugh  Bkamwell's 
Remarks. 


across  the  drnm-snrface  in  the  direction  of  the  headgear  pulley, 
but,  so  far  as  the  writer  could  see.  there  could  be  no  slipping  in 
the  case  of  a  parallel  drum.  Slipping  could  only  be  produced  by 
coning  or  curving  the  drum  surface,  which  then  acted  partly  as 
a  fleeting  pulley,  as  used  for  endless-rope  haulage. 

If  Mr.  Halbaum's  Fig.  T  was  intended  (as  appeared  to  be  the 
case)  to  be  a  plan  view  of  a  drum  in  the  plane  of  the  drum  and 
pulley,  then  the  rope  did  not  leave  the  drum  at  (c),  but  at  (x),  as  in 
his  (Mr.  Bramwell's)  Fig.  20,  and  the  diagram  would  have  been 
more  correctly  drawn  as  in  this  figure.  If.  however.  Fig.  7  was 
intended  a.s  an  elevation  at  right-angles  to  the  plane  of  the  drum 
and  pulley,  then  the  diagram  should  appear  as  in  his  (Mr.  Bram- 
well's) Fios.  21  and  22. 

From  these  amended  diagrams  it  was  apparent  that  there 


-i-LLUr 


HO  SUPPING 
AT(C) 
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could  lie  no  slipping  al  (c)  with  the  parallel  surface,  and  that 
the  surface  must  be  coned  or  curved  to  produce  slip  as  at  (c)  with 
the  curved  surface. 

Mr.  Halbaum's  view  apparently  was  that  there  was  normally 
slipping-  in  a  positive  direction  on  a  parallel  drum,  and  he  pro- 
posed to  curve  or  cone  the  surface  to  prevent  this.  The  writer's 
view  was  the  exact  opposite,  namely,  that  there  was  no  slipping 
on    the    parallel    surface.  /L  , 

i        r  i  r  (a)      b        <c) 

only     diagonal     coiling; 

and,  in  order  to  counter- 
act the  latter,  the  surface 
must  be  coned  or  curved 
to  produce  negative  slip- 
ping away  from  the 
centre-line  of  the  pulley 
to  ensure  even  coiling. 

If  his  view  was  cor-  | 

rect,  it  followed  that  a 
material  part  of  Mr.  Hal- 
baum's paper,  particu- 
larly his  description  and 
illustration  of  the  theo- 
retical wide  drum  (Fig. 
11  in  the  Appendix)  was 
based  on  a  misapprenhen- 
sion,  and  should  be 
amended. 

He  (Mr.  Bramwell)  had  referred  to  this  point  in  his  paper 
read  before  the  South  Wales  Institute  of  Engineers,  as 
follows  :  — 

"  At  first  sight  it  might  appear  as  if  '  coning  '  the  barrel  of  the  drum 
would  alter  the  natural  line  of  lead,  but  a  little  consideration  will  show  that 
this  is  not  so.  Coning  the  barrel  can,  however,  produce  a  'fleeting'  motion 
of  the  rope  towards  the  small  diameter,  which  may  sometimes  be  of  use."* 

It  was  a  question  whether  the  adoption  of  the  expedient  of  a 
coned  surface,  to  produce  negative  slip,  and  thus  obtain  even 
coiling,  would  be  less  or  more  injurious  to  the  rope  than  groov- 
ing  the  barrel.      Personally,  the  writer  preferred  the  latter,  as 


TJ 


Fig. 


22.—  Illustrating  Mr.  Hn.H 
Bramwell's  Remarks. 


*  "  The  Coiling  of  Winding-ropes  on  Drums."  by  Hugh  Bramwell,  Proceedings 
ni'//,f  South   Wale*  Inetitutt  of  Engineer*,  1914,  vol.  xxx.,  page  288. 
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the  grooves,    in   addition    to   deflecting   the  rope,   supported    it 
againsl  crushing. 

Mr.  II.  W.  (i.  Ealbai  m  (Cardiff),  replying  to  the  discussion, 
expressed  liis  appreciation  of  the  interesting  and  tnosi  valuable 
criticism  that  had  been  forthcoming.  As  a  considerable  number 
of  points  had  been  raised,  it  was  imperative  that  he  should  be 
brief  in  his  reply,  bui  he  hoped  that  sUCh  brevity  would  not  be 
mistaken  for  brusqueness. 

In  reply  to  Mr.  John  Stoney,  the  obvious  remedy  for  that 
gentleman's  first  difficulty  was  simultaneous  decking.  The  second 
difficulty — that  of  the  rope  "  surging  "  round  the  arrested  wheel 
— would  not  arise  if  the  system  were  designed  and  operated  in 
view  of  the  prevailing  ratio  of  the  rope-tensions.  No  one  pre- 
tended that  any  endless-rope  system  would  work  successfully  out- 
side certain  limits  of  that  ratio.  Those  limits  had  been  sufficiently 
defined  in  the  paper,  and  the  essential  point  to  be  noted  was  that 
most  cases  of  deep  winding  lay  well  within  such  limits. 

Mr.  John  Morison  was  entitled  to  the  thanks  of  the  members 
for  recording  the  results  of  his  experience  with  regard  to  the  use 
of  keps,  and  also  with  respect  to  the  question  of  coiling  the  rope 
in  more  than  one  layer.  Such  data  were  very  valuable;  coming 
from  Mr.  Morison,  they  carried  great  weight,  and  other  gentle- 
men might  well  be  invited  to  supplement  them.  As  to  the  dimen- 
sions of  the  bigger  rope  referred  to  in  Table  I.,  those  were  deter- 
mined, first,  by  the  ordinary  text-book  theory,  which  demanded 
a  nominal  safety-factor  of  10  to  1 ;  and,  secondly,  by  the  effect  of 
the  keps  system  of  practice,  which  was  invariably  to  reduce  the 
actual  margin  of  safety  to  very  much  less  than  its  nominal  value. 
Moreover,  if  Mr.  Morison  would  again  go  over  his  figures,  he 
would  find  that  the  weight  of  1,000  yards  of  flattened  six-strand 
rope,  Gl  inches  in  circumference,  was  much  greater  than  the  Qh 
tons  that  he  had  mentioned.  But,  with  the  greatest  respect  for 
Mr.  Morison,  he  thought  that  the  instances  of  British  practice 
where  the  nominal  factor  of  safety  adopted  was  as  low  as  6  or  T 
to  1  were  few  and  far  between — not  1  per  cent.,  in  fact,  of  the 
total.  As  for  the  contention  that,  other  things  being  equal,  the 
bigger  rope  justified  a  smaller  nominal  factor  of  safety,  he  (Mr. 
Halbaum)  regretted  to  say  that,  when  writing  the  Appendix,  and 
without    any  knowledge   whatever   of   Mr.   Morison's  attitude,  he 
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Lad  felt  it  his  duty  to  describe  that  view  as  a  "  popular  fallacy," 
and  mechanical  reasons  were  there  stated  to  show  that  he  was 
perfectly  justified  in  describing  it  as  such.  None  the  less,  it  was 
still  open  to  any  gentleman  who  thought  otherwise  to  show,  if 
possible,  that  the  reasoning  there  set  out  was  unsound.  For  his 
own  part,  he  saw  no  cause  as  yet  to  alter  or  modify  the  statement 
made  in  the  Appendix. 

He  sympathized  strongly  with  Mr.  Morison's  shrewd  sugges- 
tion that  the  absurd  regulation  which  compelled  them  to  scrap  the 
rope  at  a  predetermined  moment,  quite  irrespectively  of  its  state 
and  of  the  amount  of  work  that  it  had  done,  hardly  encouraged 
one  to  nurse  the  rope  unduly  during  the  period  of  actual  use.  In 
any  case,  the  rope  had  received  peremptory  notice  to  quit,  and  the 
engineer  would  be  something  more  or  less  than  human  if  he  did 
not  feel  tempted  to  regulate  his  practice  accordingly.  But — and 
it  was  a  rather  significant  "  but  "• — the  remedy  lay  in  their  own 
hands.  The  substitution  of  an  endless-rope  system  would  enable 
them  to  do  the  same  work  in  the  same  time  with  a  quarter  of  the 
weight  of  rope — provided  that  the  rope  would  last  out  the  3i  years 
legal  span  of  life.  Compared  with  the  system  of  wide  drums, 
upon  which  half  the  rope  continually  ran  idle,  the  endless-rope 
system  enabled  them  to  dispense  at  once  with  the  idle  rope,  and 
also  gave  them  the  legal  right  to  throw  out  the  pernicious  keps 
which  were  otherwise  compulsory.  The  economic  advantage  of 
this  was  that  the  rope,  already  shortened  by  half,  might,  in  addi- 
tion, and  with  perfect  safety,  have  its  cross-section  reduced  in  the 
same  proportion.  In  view  of  the  further  fact  that  the  system  did 
away  with  lateral  friction,  there  was  some  ground  for  hope  that 
the  quarter-weight  of  rope  would  last  out  the  ?>h  years  allowed  by 
law,  although  the  Avhole  of  it  was  in  active  service  during  the 
usual  working  hours. 

It  was  principally  such  considerations — those  of  constant  per- 
sistent  daily  costs — which  had  led  him  to  mention  the  Whiting 
system.  He  was  disposed  to  lay  less  emphasis  upon  its  adapt- 
ability for  winding  from  different  levels,  and  he  feared  that 
perhaps  space  in  this  country  was  usually  too  precious  to  permit 
of  the  laying-out  of  long  bogie  runs  to  meet  merely  occasional 
requirements.  The  sinking  of  a  pit,  for  example,  occurred  but 
once  in  the  lifetime  of  a  colliery,  and,  in  that  case,  Mr.  Morison 
appeared  to  have  surmounted  his  difficult}-  very  nicely,   but  by 
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ordinary  and  more  convenient  means.  Personally,  and  so  far  as 
ordinary  daily  British  practice  was  concerned,  he  would  limit  the 
office  of  the  Whiting  tension-carriage  to  the  duty  of  taking  up  the 
comparatively  small  amount  of  surplus  rope  that  must  be  held 
in  reserve  in  view  of  the  periodical  recappings  of  the  rope,  the 
occasional  winding-  of  water  or  debris  from  the  shaft-sump,  and  so 
forth.  That  the  principle  was  capable  of  a  far  wider  application 
was,  of  course,  demonstrated  by  practice  abroad;  but  he  strongly 
desired  to  avoid  the  error,  however  remote,  of  overstating  his 
case,  and  was  quite  content  to  base  it  solely  upon  the  one  consider- 
ation that  the  endless-rope  system  enabled  them  to  effect  an 
enormous  reduction  in  the  cost  of  winding-ropes,  and  to  do  so 
without  in  any  degree  lowering  the  standard  of  safety,  or  com- 
promising themselves  with  the  law.  As  for  the  further  parti- 
culars desired  by  Mr.  Morison,  he  would  try  to  obtain  them,  and. 
it  successful,  would  communicate  them  to  the  members. 

With  respect  to  Mr.  Gr.  W.  Westgarth's  valued  criticisms, 
that  gentleman  would  find  some  of  the  points  raised  answered 
incidentally  in  the  reply  just  given  to  Mr.  Morison.  As  to  the 
remainder,  he  would  have  been  greatly  pleased  to  have  found 
himself  in  agreement  with  Mr.  Westgarth,  but  regretted  that  he 
had  not  found  it  possible.  Perhaps,  on  further  reflection, 
Mr.  Westgarth  himself  would  see  that  the  fact  of  there  being,  at 
most,  two  Koepe  pulleys  at  work  in  this  country  scarcely  dis- 
counted, but  rather  corroborated,  the  statement  made  in  the  paper 
that  "  in  this  country,  the  Koepe  system  is  practically  known  only 
by  repute." 

He  was  unable  to  see  the  precise  nature  of  the  point  which 
Mr.  Westgarth  expected  to  make  by  his  suggested  revision  of 
certain  figures  in  Table  I.  The  purpose  of  that  table  was  to 
compare  two  rival  systems,  and  it  was  essential  to  adopt  a  per- 
fectly fair  basis  of  comparison.  Hence,  conditions  of  depth,  load, 
steam-pressure,  type  of  engines,  quality  of  ropes,  and  manner  of 
balancing,  were  naturally  made  the  same  for  both  systems.  It 
whs  also  essential  to  note  that  the  law  did  not  permit  them  to 
operate  the  older  system  without  keps.  A  column  of  results  was 
obtained  for  each  system  and  placed  in  Table  I.  Perhaps  it 
would  have  been  better  if  a  third  column  had  been  added,  show- 
ing definite  ratios  only.  For  it  was  only  the  ratios  that  mattered 
— the  positive  values   of  the   numerators  and   the  denominators 
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appearing  in  the  table  were  of  no  value  if  considered  separately. 
Mr.  Westgarth,  however,  had  stated  that  he  would  employ  a 
rope  of  lower  quality,  weighing-  less  per  fathom,  than  the  flattened 
six-strand  rope  adopted  in  the  paper.  Of  course,  he  was  at  perfect 
liberty  to  do  so,  provided  that  he  applied  the  modification  to  both 
sj  >tems  alike.  In  that  event,  the  relative  weights  (in  pounds  per 
fathom)  would  still  be  in  the  ratio  of  9  to  4,  as  in  Table  I.  But 
if  lie  applied  his  correction  to  one  system  only,  that  would  be 
unfair,  and  the  two  systems  would  cease  to  be  comparable. 

Furthermore,  Mr.  "Westgarth  had  advanced  additional 
mechanical  reasons  to  account  for  the  popularity  of  the  parallel 
drum,  but  had  proceeded  to  suggest  (and  this  in  connexion  with  a 
case  of  winding  from  a  depth  of  1,000  yards)  that  the  tail-rope 
was  "  not  absolutely  necessary."  If  not,  he  was  at  perfect  liberty 
to  dispense  with  it,  provided  that  he  deprived  both  systems  alike 
of  its  assistance.  In  that  event,  the  weight  of  rope  "  in  use  "  on 
the  one  system  would  be,  as  Mr.  Westgarth  had  stated,  42  tons; 
but  that  gentleman  had  apparently  overlooked  the  fact  that,  on 
the  rival  system,  the  same  process  would  simultaneously  reduce 
the  weight  of  rope  "  in  use  "  to  9^  tons.  Thus,  compared  with  its 
rival,  the  last  state  of  the  older  system  would  be  worse  than  the 
first,  since  the  ratio  of  the  rope-weights  would  be  increased  from 
,3  to  4. 

It  seemed  doubtful,  moreover,  whether  Mr.  Westgarth  had 
fully  realized  what  would  be  the  practical  results  of  such  a  re- 
arrangement. Taking  the  case  of  the  engine  attached  to  the 
parallel  drum,  he  would  either  have  to  increase  the  mean  effective 
steam-pressure  to  some  200  pounds  per  square  inch,  which  was  not 
feasible,  or  he  would  be  obliged  to  increase  the  dimensions  of  each 
piston  of  the  double  horizontal  engine  to  6  feet  in  diameter,  with 
a  stroke  of  12  feet !  In  addition,  instead  of  the  former  uniform 
static  load  of  10  tons  throughout  the  wind,  the  load  against  the 
engine  at  the  start  would  now  be  31  tons,  whilst  near  the  end  of 
the  wind  there  would  be  a  negative  static  load  of  11  tons. 

It  was  therefore  apparent  that,  although  the  tail-rope  might 
not,  in  Mr.  Westgarth's  view,  nor  even  in  any  general  view,  be 
absolutely  necessary,  it  was  indispensable,  under  the  particular 
conditions  discussed  in  the  paper.  Of  course,  an  equivalent  might 
have  been  found  in  a  drum  truly  spiral  throughout,  but  what 
equivalent  could  be  better  than  the  tail-rope  itself?     Moreover, 
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the  spiral  drum  was  admittedly  taboo,  whilst  the  cylindi  o-cmiical 
type  of  drum  was  incapable  of  affording  an  exact  balance.  The 
tail-rope  of  the  Whiting  system,  however,  furnished  an  exact 
balance,  and  it  was  difficult  to  see  bow  one  could  fairly  contrast 
that  system  with  any  rival  system  unless  the  latter  were  allowed 
the  same  privilege.  It  was  not  so  much  a  question  of  one  system 
at  its  bestj  as  a  question  of  exhibiting  two  rival  systems  placed 
under  equal  conditions. 

In  reply  to  Mr.  du  Pasquier,  be  was  indebted  to  that  gentle- 
man for  quoting-  additional  examples  of  practice  with  the  Koepe 
system.  With  regard  to  its  solitary  difficulty  of  carrying  the 
surplus  rope  required  in  view  of  successive  recappings,  the  means 
of  eliminating  that  drawback  were  so  conspicuous  that  be  could 
only  marvel  why  it  was  permitted  to  survive. 

He  noticed  that  Mr.  du  Pasquier  condemned  the  Whiting  sys- 
tem, aud  thought  little  of  the  plain  coned  drum.  It  was  very 
curious,  however,  that  a  critic  so  thoughtful  as  Mr.  du  Pasquier 
had  not  recognized  the  necessity  of  stating  moderately  sound  rea- 
sons for  bis  attitude.  With  regard  to  the  coned  drum,  Mr.  du 
Pasquier  seemed  to  think  the  fact  of  its  waning  in  popular  favour 
was  an  argument,  whereas  it  was  merely  a  fact.  The  same  fact 
was  stated  in  the  paper.  But  the  point  at  issue  was  whether  that 
fact  was  the  result  of  inherent  faults  in  the  drum,  or  of  inherent 
faults  in  the  man  who  had  used  it.  If  that  circumstance  of  disuse 
alone  were  permitted  to  condemn  the  coned  drum,  the  same 
special  pleading  would  place  the  Whiting  system  on  the  pinnacle 
of  fame,  since  its  use  was  extending.  The  "  argument  "  applied 
in  both  directions,  but  had  no  force  either  way. 

As  for  the  particular  grooveless  coned  drum  that  Mr.  du 
Pasquier  described,  it  was  not  quite  clear  whether  each  half  was 
a  true  conic  frustum,  or  whether  it  was  partly  cylindrical  and 
partly  conical.  If  the  latter,  it  had  no  connexion  with  the  purely 
conical  drum  suggested  in  the  paper.  If  the  former,  then,  since 
the  ropes  centred  at  mid-wind,  the  pull  of  the  angled  rope  and  the 
pull  of  a  19-degree  gradient  were  both  operating  in  the  same  direc- 
tion  during  the  latter  half  of  the  wind,  which  was  quite  contrary 
to  the  principles  laid  down  in  the  paper.  Hence,  having  regard 
to  the  actual  positions  taken  up  by  the  writer,  Mr.  du  Pasquier's 
coned  drum  did  not  help  them  either  forward  or  backward. 

As  to  the  question  of  balance,  the  consideration  of  that  had 
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been  postponed  to  a  future  occasion,  and   he  must  respectfully 
decline  to  be  drawn  into  any  premature  discussion  on  that  point. 
There  would  be  plenty  of  opportunity  for  that  later  on.      In  the 
meantime,  however,  he  might  ask  Mr.  du  Pasquier  kindly  to  state 
the  diameter  of  the  rope  used  on  the  coned  drum  referred  to,  the 
depth  of  the  pit  on  which  it  worked,  and  whether  the  drum  was 
entirely  conical  or  otherwise.     Those  additional  particulars  would 
be  of  assistance  when  the  question  of  balance  came  to  be  discussed. 
Mr.  du  Pasquier  had  stated  that  there  were  grave  objections  to 
the  Whiting  system,  but  had  given  only  one  illustration  of  how 
those    were    supposed    to    have    arisen    in    practice.       In    that 
case,  there  was  a  broken  crank-shaft.     But  it  was  notorious  that 
crank-shafts  broke  occasionally  in  connexion  with  all  systems  of 
winding.        Why  should  Mr.   du  Pasquier  expect  the  Whiting 
plant  to  be  exempt  from    the   common    ailments  and   accidents 
to  which  all  machinery  was  heir?     Moreover,  in  the  particular 
case  referred  to,  if  the  Walker  differential  rings  were  not  em- 
ployed, it  would  appear  that  the  human  element  was  at  least  as 
much  to  blame  as  the  machinery.       In  any  case,  why  were  three 
complete  turns  of  rope  taken  on  the   reels  when,   according  to 
theory,  and  as  subsequently  proved  by  practice,    one   complete 
turn  was  sufficient  ?    Considered  as  an  indictment  of  the  Whiting 
system,  it  was  most  inconclusive. 

As  to  the  final  comparison  brought  forward  by  Mr.  du 
Pasquier.  one  was  quite  prepared  to  agree  that,  in  some  cases,  the 
inertia  of  the  Whiting  system  might  be  as  large  as,  or  perhaps 
greater  than,  that  of  the  system  which  employed  wide  parallel 
drums.  But  the  illustration  in  question  did  not  prove  this.  Con- 
sidered as  an  "  argument."  it  was  a  particularly  fine  example  (if 
Mr.  du  Pasquier  would  excuse  his  saying  so)  of  the  process  known 
as  "  begging  the  question."  For  what  the  example  really  proved, 
and  all  that  it  did  prove,  was  that  the  inertia  of  the  Whiting 
system  might  occasionally  exceed  the  inertia  of  a  system  where 
the  rope  coiled  in  four  layers  on  a  parallel  drum  of  one-quarter 
the  normal  width.  But  if  it  were  once  granted  that  the  rope 
might  coil  in  four  layers  as  comfortably  as  it  coiled  in  one,  there 
was  no  reason  why  it  should  not  coil  in  forty  layers,  and  no  reason 
why  the  simple  bobbin  formerly  used  for  the  flat  rope  should  not 
be  now  disinterred  to  receive  the  round  rope.  The  result  would  be 
that  the  wide  parallel  drum,  the  Whiting  reels,  and  the  Kcepe 
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pulley  alike  would  disappear  automatically  and  simultaneously, 

since  their  very  raison  d'etre  would  have  vanished  for  ever,  and 
with  it  any  reason  for  the  preseni  discussion.     But  that  time  was 

not  yet,  and,  therefore,  he  could  not  admit  the  validity  of 
any  supposed  argument  which,  like  that  employed  by  Mr.  du 
Pasquier,   was  based  on  the  curious  assumption  that  the  very 

point  at  issue  could  be  taken  for  granted. 

It  must  qoI  be  inferred  from  the  foregoing  remarks  that  the 
writer  presumed  to  condemn  the  system  of  overcoming.  His 
attitude  towards  the  system  was  that  of  a  person  with  a  perfectly 
open  mind.  He  did  not,  as  yet,  know  sufficient  about  it  to  justify 
either  approval  or  condemnation.  And  he  thought  that  this  was 
the  position  of  many  others.  Mr.  Morison,  for  example,  said  that 
he  had  occasionally  adopted  the  method  owing  to  necessity  rather 
than  from  choice,  and  Mr.  du  Pasquier  was  aware  of  the  earnest 
way  in  which  the  South  Wales  Institute  of  Engineers  had 
recently  dealt  with  the  question.  He  (Mr.  Halbaum)  believed 
that  most  men,  not  even  excepting  those  who  had  been  obliged  to 
adopt  the  method,  would  be  glad  to  receive  practical  suggestions 
whereby  excessive  lateral  friction  could  be  avoided  without  over- 
coiling  the  rope.  He  also  thought  that  it  was  an  open  secret  that 
the  primary  object  of  his  last  two  papers  was  to  induce  the  men 
of  the  Xorth  of  England  to  assist  their  South  "Wales  brethren  by 
adding  their  quota  to  the  discussion.  The  responses  had  been 
excellent  in  quality,  but  very  disappointing  in  numbers,  prob- 
ably because  other  north-countrymen,  like  himself,  were  in  the 
predicament  of  having  no  actual  experience  of  the  matter.  In 
these  circumstances,  he  rather  doubted  the  wisdom  of  his  spend- 
ing further  time  and  labour  on  the  case.  He  had  no  objection 
to  the  performance  of  merely  thankless  tasks,  but  he  must  draw 
the  line  at  fruitless  undertakings.  Perhaps,  however,  some  of 
their  friends  abroad,  who  had  had  experience  with  overcoiling 
the  ropes,  or  with  the  Koepe  system,  or  with  the  Whiting 
arrangement,  would  come  to  the  rescue. 

In  reply  to  Mr.  Hanley,  he  was  very  sorry  to  learn  that  that 
gentleman  had  found  difficulty  in  following  the  formulae  con- 
tained in  the  Appendix.  Unfortunately,  he  (Mr.  Halbaum)  had 
equal  difficulty  in  following  Mr.  Hanley's  molecular  mechanics. 
In  the  meantime,  he  was  content  to  accept  the  philosophies  of 
Newton,  Kepler,  and  others  as  commonly  understood. 
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Iii  reply  to  Mr.  Hugh  Brainwell,  lie  was  pleased  to  accept  that 
gentleman's  corrections  to  Fig.  7.  He  was  aware  that  the  figure 
was  faulty  (in  common  with  several  others),  but  after  considera- 
tion he  had  decided  that  the  method  adopted  had  certain  advant- 
ages, which,  as  the  event  showed,  were  perhaps  more  fancied  than 
real.  He  was  obliged  to  Mr.  Bramwell  for  putting  the  matter 
on  a  correct  basis. 

As  to  the  "  slip  "  mentioned  in  the  paper,  he  referred  to  the 
lateral  slip  which  might  conceivably  occur  if  the  obliquity  of  the 
rope  were  extravagantly  large.  Perhaps,  as  Mr.  Bramwell  had 
stated,  it  would  not  occur  in  any  circumstance.  The  writer, 
however,  started  at  that  point,  because  it  appeared  to  him  to 
be  the  very  lowest,  and  therefore  the  safest,  foundation  upon 
which  he  could  begin  to  build  his  case.  If  Mr.  Bramwell  was 
content  to  begin  at  the  diagonal  spread,  so  much  the  better  :  the 
argument  was  thereby  shortened  without  affecting  the  result. 

He  was  sorry  that  he  could  not  agree  that  the  said  point 
affected  Fig.  11.  Because,  as  he  had  pointed  out,  they  must  have 
a  datum-line,  and  he  felt  sure  that  Mr.  Bramwell  would  agree 
that  such  a  datum-line  must  be  normal  to  the  pull  of  the  rope. 
Fig.  11  was  drawn  from  that  datum,  and  he  was  unable  to  see 
what  other  datum  could  be  decided  on.  Because,  as  he  had 
pointed  out  in  the  text,  and  illustrated  by  Fig.  6,  whatever 
(Lit um  was  fixed  upon,  the  line  itself  must  be  "  level  "  ;  and,  as 
Mr.  Bramwell  was  fully  aware,  a  level  line  was  one  in  which  all 
points  were  equidistant  from  the  centre  of  gravity.  Precisely 
the  same  reasoning  demanded  that  the  theoretical  datum-line 
for  the  drum  should  be  one  in  which  all  points  were  equidistant 
from  the  pulley.  That  was  the  geometrical  foundation  of  Fig. 
11.  He  would,  with  the  utmost  good-humour,  ask  Mr.  Bramwell, 
whose  criticism  he  highly  valued,  to  state  in  what  way  the 
drawing  could  be  amended — in  principle,  he  meant;  he  was,  of 
course,  aware  that  it  left  much  to  be  desired  in  execution. 

As  to  the  difficulty  connected  with  the  Koepe  system,  Mr.  du 
Pasquier  and  Mr.  Bramwell  had  spoken  of  the  impossibility  of 
recapping  ropes,  etc.  It  appeared  to  him  that  this  difficulty 
had  a  practicable  solution.  Either  make  the  head-pulley  movable 
in  the  vertical  line,  or  make  the  Koepe  pulley  and  its  engine 
movable  in  the  horizontal  line.  The  Morgan  drum  and  its  engine 
already   possessed   a    lateral   movement;    why    should   the   Koepe 
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Plan*  not  be  movable  in  the  straight  line  connecting  the  engine 
and  the  pit?  The  Morgan  engine  was  traversed  every  wind- 
why  could  not  the  lighter  Koepe  plant  be  traversed  once  in  six 
months?  The  Whiting  system  bad  r  massive  tension-bogie  and 
a  massive  engine  to  move  it;  why  should  the  Koepe  pulley  ami 
its  engine  not  form  their  own  tension-bogie  as  well?  Knowing, 
as  he  did,  the  courage  and  originality  of  the  two  eminent  engin- 
eers h,st  named,  it  was  in  no  spirit  of  pedantry,  therefore,  that  he 
Concluded  with  the  expressive  Latin  tag.    verb.  sap. 

The  Presidext  (Mr.  T.  Y.  Greener)  proposed  a  hearty  vote 
of  thanks  to  Mr.  Halbaum  for  his  paper. 

Mr.  T.  ('.  Fitters  seconded  the  resolution,  which  was  unani- 
mously carried. 


Mr.  C.  W.  Chater's  paper  on  "  Mining  in  Burma  "—Part  I. 
was  taken  as  read,  as  follows:  — 
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MINING  IN  BURMA.— PART  I. 


By  C.   W.   CHATER. 


Historical. — There  is  abundant  evidence  of  mining  activity 
in  Burma  by  native  methods  at  a  date  of  which  the  oldest 
inhabitants  have  no  knowledge.  The  minerals  won  were  prin- 
cipally tin,  lead,  and  silver,  and  the  miners  were  probably 
Siamese  and  Chinese.  The  jade,  amber,  and  gold  workings  of 
Upper  Burma  also  date  from  ancient  times.  Despite  the  long 
time  that  valuable  minerals  have  been  known  to  exist  in  Burma, 
and  the  evidence  of  very  widely  distributed  mineralization, 
which  was  for  some  years  the  object  of  spasmodic  local  enter- 
prise, Burma  cannot  yet  be  said  to  be  a  successful  mining 
country.  As  regards  its  past  history,  excluding  the  oil  industry, 
the  only  successful  mining  operations  called  to  mind  are  those 
of  gems,  principally  rubies,  and  perhaps  jade  also  may  be  men- 
tioned. At  the  present  moment  there  is  a  marked  increase  in 
mining  activity  and  a  tendency  to  development  along  the  right 
lines,  but  the  future,  like  that  of  all  mining  countries  in  the 
undeveloped  stage,  lies  on  the  "  knees  of  the  gods."  The  writer 
would  add,  however,  that  a  certain  amount  of  attention  has 
been  called  in  this  direction,  and  that  the  outlook  continues  to 
improve. 

From  the  Chinese  border  down  through  the  Northern  and 
Southern  Shan  States,  Thaton,  Moulmein,  Tavoy,  and  Mergui, 
there  runs  a  mineralized  belt,  which  has  never  been  thoroughly 
prospected.  This  belt  is  indicated  on  Plate  YI.  by  the  names  of 
the  minerals  found,  with  a  number  corresponding  to  the  following 
notes. 

Nearly  all  the  metals  have  been  discovered,  and  many 
give  promise  of  profitable  working  in  the  future.  In 
the  north,  in  the  Myitkyina  district,  occur  the  very  extensive 
gold,  platinum,  and  jade  gravel-deposits;  then  a  little  to  the 
south  are  the  Irrawaddy  gold-dredgers ;  a  gold  reef  was  once 
worked  at  Nankan,  a  little  to  the  west;  south  of  these  again  at 
Bawdwin    are    the    operations    of    the    Burma    Mines,    smelting 


mimm;    i\    i:ii;m\.  427 

ancient  silver,  lead,  zinc,  and  nickel  slags  and  developing  the 
ore-deposits.  Then  come  the  well-known  Burma  Ruby  Mines. 
Further  south  again  tin  and  wolfram  deposits  at  Mauchi  in  the 
Shan  States  attract  notice.  In  Lower  Burma,  Tavoy  lias  made 
itself  important  by  becoming,  for  the  time  being  at  any  rate, 
the  Largest  wolfram-producing  district  in  the  world,  and  by 
having  the  only  dredger  working  in  Burma  at  present  for  tin. 
Mergui  district,  scattered  throughout  with  stanniferous  deposits, 
is  a  regular  small  tin-producer  Prom  Chinese  mines,  and  some 
wolfram  is  also  exported.  At  Victoria  Point  the  Burma  Develop- 
ment Syndicate  lias  made  an  attempt  to  work  a  deposit  of  tin- 
ore  and  wolfram. 

In  view  of  the  fact  that  this  country  is  so  extensively  mineral- 
ized, i  he  iea -on  i  ha  I  the  ground  has  been  so  inadequately  explored 
calls  for  explanation.     After  some  experience  of  different  parts 
of  Burma,  the  writer  believes  that  the  reason  for  the  scarcity  of 
such  undertakings  as  would  bring  capital  into  the  country  is  due 
mainly  to  the  tad  that  (here  has  keen  so  far  a  majority  of  failures, 
h   appears  that   such  enterprises,  mostly  financed  locally,  have 
been    undertaken    l»y   people    with    liltle    or    no   experience    of 
mining,    who    have    tailed    in   seek   good    advice.     However  this 
may  be,  the  fact  remains  that  there  has  been  as  yet  no  signal 
success  large  enough  to   attract    the  preliminary  capital    which 
is  so  urgently  needed  for  prospecting  I  his  large  area.   Despite  all 
these  drawbacks,  however,  some  past  and  present  mining  opera- 
lions  in  Burma  may  be  regarded  as  eminently  encouraging.   This 
brings  the  writer  back  to  the  first  district  mentioned  as  giving 
promise   through    its  exploitation   of  helping  to  make  Burma  a 
successful    mining  country.        He  has  not  yet  had  the  oppor- 
tunity   of   visiting    the    field,    but    has    been    able    to    gather    a 
considerable  amount   of  information  personally  from  men  who 
have  visited  and  stayed   in  the  district.      This  information  goes 
to  justify  the  strong  interest  that  he  has  felt,  an  interest  that  one 
i-  bound    to   feel    in    a   neighbourhood    which    has  supported  a 
large  population   by   mining,  albeit  by   native  methods,   for  so 
many    years.       It     is    the    jade-mines    district,    marked    1    on 
Plate  VI.       The  jade  and  amber  themselves  offer  possibilities, 
but  more  attractive  is  (he  presence  of  gold  and  platinum,  with 
also  some  of  the  nner  metals.     These  occur  in  enormous  gravel- 
deposits.  The  mining  has  been  confined  to  native  enterprise;  the 
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markel  For  jade  and  gold  is  mostly  local,  and  the  minerals  go 
tlience  usually  towards  the  east.  The  presence  of  platinum  and 
some  of  the  rarer  metals  lias  been  neglected.  In  many  instances 
the  gravels  are  *'  heavy,"  bul  this  docs  not  matter  it  the  ground 
is  rich  enough.  The  jade,  gold,  and  platinum  often  occur  in 
the  same  ground.  Labour,  supplied  mainly  by  Kachins, 
is  apparently  abundant,  and  transport  offers  no  difficulties 
that  cannot  easily  he  overcome.  Large  areas  have  been  worked 
to  water-level,  the  limit  of  depth  being  the  capacity  of  primitive 
pumps  constructed  of  bamboo.  Water  here  again  prevents  the 
workings  from  being  extended  to  any  depth.  The  great  depth  of 
the  gravel-deposits  is  very  remarkable.  Rivers  (such  as  the 
Urn)  which  have  formed  natural  ground-sluices  through 
these  deposits  should  be  very  profitable  to  work.  Pools  have 
been  formed  by  bars  of  rock  which  make  natural  riffles,  and  one 
of  these,  ihe  Mamon  Pool  has  been  taken  up  by  a  Mr.  Baldwin 
(who  has  probably  done  more  prospecting  work  than  anyone  in 
Burma),  and  a  local  company  has  been  suggested  to  work  it.  A 
considerable  quantity  of  gold  has  already  been  recovered  from  it 
by  the  Ka<  hins  by  diving.  Native  workings  in  the  hanks  of  the 
river  are  extensive.  The  writer  could  obtain  no  evidence  to  show 
that  the  gravels  themselves  have  ever  been  tested,  and  it  is  quite 
probable  that  they  may  prove  highly  payable  if  worked  on  a 
larger  scale  than  it  has  been  possible  to  attempt  by  native 
methods. 

(1)  Jade. — Jade  was  first  discovered  somewhere  in  the  hills 
of  Upper  Burma  by  a  Chinese  muleteer,  who  found  thai  the 
small  stone  thai  he  had  [nit  in  one  side  of  his  pack-saddle 
to  make  the  load  even  was  the  precious  and  much-sought-for 
mystic  stone  of  the  Chinese  Empire.  This  occurred  some  600 
years  ago,  and  from  time  to  time  for  a  hundred  years  small 
parties  came  over  into  the  Kachin  Hill  tracts  to  search  for  the 
source  of  the  -tone:  but,  owing  to  the  hostility  of  the  Kachins 
and  malaria,  very  few  ever  returned  to  their  native  land. 

In  the  fourteen  Hi  century,  about  101)  years  after  the  firsl 
discovery,  the  Government  of  Yunnan  fitted  out  a  large  expedi- 
tion that  came  over  into  Burma  to  explore  for  jade,  but  it  is  said 
that  not  one  of  the  company  lived  to  return.  From  this  time 
onwards  hostilities  continued  between  Burma  and  China  until 
the  understanding   in    1784,   when   Chine-, •   trader-   -coined   the 
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country  where  the  original  stone  was  supposed  to  have  been 
picked  up,  ;iinl  soon  foxmd  the  source  oi  the  jade  to  be  <>n  the 
I  ni  River. 

The  mortality  among  the  Chinese  jade  liunters  and  traders 
reaches  an  alarming  figure.  There  are  recorded  in  the  Chinese 
temple  at  A.niarapura  a  lis!  of  over  6,000  Chinese  traders  \\  bo 
bave  died  in  Burma  since  the  beginning  of  the  present  century, 
in  whom  funeral  rites  are  yearly  paid,  and  the  great  majority  of 
these  losi  their  lives  in  the  pursuit  of  the  jade  industry.  The 
roll  includes  the  names  of  well-known  and  substantial  traders 
miiI\  ;  ImiI  it  the  number  of  less  important  Chinese  were  known, 
the  list  would  lie  multiplied  many  times. 

The  Seikmoo  working  opened  about  L25  years  ago  (1790),  and 
work  continued  with  periods  of  idleness  up  to  the  present  day. 
The  hostility  of  the  Kachins  made  the  jade  industry  extremely 
hazardous  Erom  the  very  beginning  up  to  and  some  time  after 
the  annexation  by  the  Government  of  [ndia. 

The  Burmese  Government  some  !<*!>  years  ago  (1806)  seems 
to  liave  become  aware  of  the  importance  of  the  jade  trade,  and 
a  revenue  station  w;is  established  at  Mogoung.  The.  Aniat-Gyi, 
with  a  Burmese  guard  of  thirty  rifles,  proceeded  to  the  mines 
every  working  season,  and  the  principal  Kachin  Sawhwas  were 
compelled  to  meet  the  Burmese  officer  at  Mogoung  and  escort 
him  tn  the  mines,  where  they  had  to  entertain  him  during  the 
season.  All  business  was  transacted  through  the  medium  <>t' 
lump-silver,  as  the  general  use  <>t:  the  Burmese  rupee  did  uot 
come  into  effect   until  some  70  years  later  (1874). 

The  period  of  greatesi  prosperity  in  the  jade  industry  under 
Burmese  rule  was  between  1831  and  L840,  when  some  (SOI) 
Chinese  and  600  Slums  were  annually  engaged  in  business  or  in 
labour  ;it  the  mines.  In  1841,  war  broke  out  between  Great 
Britain  and  China,  and  the  industry  fell  off  until  1847,  when  a 
larger  trade  began,  only  to  be  ruined  by  the  Taiping  rebellion 
oJ  L850,  followed  by  the  Bant  hay  rebellion  of  1857.  The  year 
18(11  witnessed  a  great  improvement  in  the  trade.  At  this  time 
the  first  Cantonese  merchant  arrived  in  Mandalay,  bought  all 
the  old  stocks  of  .jade,  and  took  then:  in  China  by  sea,  realizing 
a  lame  fortune  from  the  single  venture.      From  this  time  up  to 

L888    the    trade    Was    (allied    on     vigorously    under    the     Burmese 

Government's  protection,  until  the  sacking  of  Mogoung  by  the 
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Kackins,  when  for  a  year  there  was  no  trade;  but  order  was 
quickly  restored,  and  since  then  the  industry  has  flourished 
under  British  protection. 

The  extraction  of  jade  from  a  deep  pool  by  the  use  of  diving 
outfits  was  most  remarkable.  At  Mamon,  the  centre  of  the  old 
mines,  there  is  a  large  whirlpool  in  the  (Tin  River  that  has 
formed  a  deep  depression  in  the  bed  of  the  stream  some  000  feet 
in  length  by  -00  feet  in  breadth,  with  a  maximum  depth  of  30 
feet  down  to  the  gravel  that  is  accumulated  in  the  bottom.  This 
basin  and  whirlpool  make  a  natural  active  washing-pan  for  the 
collection  of  jade,  gold,  platinum,  and  other  heavy  minerals. 

The  Burmese  king  some  55  years  ago  sent  two  native-  up 
from  Mandalay  with  a  diving  outfit  to  extract  jade  from  the  pool 
at  M anion.  They  met  with  success  in  winning  some  valuable 
jade,  but  both  men  died  of  fever  at  Mamon  in  the  season.  A 
couple  of  years  after  this,  a  native  named  Han-ta-thee  came  up 
from  Mandalay  and  took  the  outfit  up  to  Nantelone  on  the  upper 
waters  of  the  Chindwin,  in  order  to  dive  for  jade  in  the  pool 
below  the  overhanging  cliff  where  precious  jade  had  fallen  on 
being  broken  from  the  cliff.  This  man  met  his  death  at  the  hands 
of  the  Kachins,  so  that  the  early  attempts  ;ii  diving  met  with 
disasters.  About  21  years  ago,  two  Burmans,  U.  Sa  and  U.  Wa, 
brought  an  outfit  from  Mandalay.  They  had  such  success  with  it 
that  two  years  later  there  were  twelve  outfits  at  work  at  the  Mamon 
pool.  Altogether  some  338,900  rupees  worth  of  rough  jade  were 
extracted  from  the  pool.  This  amount,  if  multiplied  by  I, 
would  fairly  represent  the  actual  value  eventually  obtained,  or 
something  like  1,355,600  rupees.  From  this  and  the  partial  list 
•  •I  the  production  within  easj  memory  oi  the  Mamon  brokers,  the 
value  of  jade  extracted  at  Mamon  within  a  radius  of  50ft  yards  is 
5,982,518  rupees.  The  demand  for  jade  is  universal  throughout 
China,  and  the  price  for  the  best  stones  shows  no  tendency  to  fall. 

Burma  is  practically  the  only  source  of  supply,  and  there 
seems  no  reason  to  think  that  the  supply  is  likely  to  fall  short  of 
the  demand. 

Putting  out  of  sight  the  probability  of  future  discoveries  of 
jade,  there  is  no  doubt  that  the  revenue  derived  from  the  present 
mines  might  be  much  improved  if  free  access  could  be  obtained 
to  the  country.  The  introduction  of  European  appliances,  which 
should  supersede   the  present    injurious  method  of  working  the 
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quarries,  would  add  considerable  value  to  the  output,  much 
of  which  is  now  spoilt  1)\  the  action  of  (ire-breaking.  The 
smuggling  of  ; jade  overland  to  China  would  at  the  same  time  be 
effect  u;ilk  prevented. 

(2)  Gold.  Gold-dredging  in  the  [rrawaddy,  near  Nalon, 
Myitkyina,  has  just  kepi  itself  alive  for  some  years,  bucket- 
dredgers  being  used.  The  varying  flow  in  the  river  in  the  rainy 
season  has  interfered  very  much  with  the  work.  A  lode  was 
worked  for  gold  at  Nankan  (3)  aboul  189G  for  two  years. 

lb  Lead,  Silver,  Zmc,  ami  Copper.-  The  Burma  Mines. 
Limited,  was  formed  in  L90G,  and  owned  some  \  square  miles  of 
ground,  known  as  the  Bawdwin  Mines,  situated  a  little  more 
than  loo  miles  aorth-east  of  Mandalay,  at  an  elevation  of  3,600 
feet.  Tlie  primary  object  was  to  work  ancient  lead-slags,  of 
which  t  liere  were  enormous  (|nan(  it  ies  lying  on  the  surface.  These 
carried  also  zinc,  nickel,  and  silver.  A  light  2-foot-gauge  railway 
was  built  for  51  miles  to  connect  with  the  Burma  railways,  and 
a  smelting-planl  erected  at  Mandalay.  whither  the  slags  were 
brought  by  rail.  These  operations  do  not  appear  to  have  been 
profitable,  and  the  whole  scheme  and  its  finance  was  reconsidered, 
with  the  result  that  the  present  developments  of  a  costly  coueern 
point  to  a  successful  future.  Great  confidence  had  been  shown 
throughout,  and  further  expenditure  was  recommended,  resulting 
in  the  formation  in  October,  1913,  of  the  Burma  Corporation, 
Limited,  which  now  lias  a  nominal  capital  of  £1,000,000.  The 
.-inciters  were  removed  from  Mandalay  to  a  spot  11  miles  from 
the  mine-,  and  systematic  exploration  of  the  ore-bodies  from 
which  tin-  ore  formerly  •smelted  had  been  derived  was  begun. 
The  writer  has  learnt  through  the  courtesy  of  Mr.  Macnutt,  the 
manager  of  the  company  in  Burma,  that  a  very  large  tonnage  of 
valuable  ore  lias  been  proved  to  exist.  The  deposits  are  to  bo 
wmked  through  n  tunnel  over  a  mile  long.  The  ore  exposed  by 
development  work  is  of  high  gross  value,  being  lead,  silver,  zinc, 
and  copper,  worth,  on  the  average,  about  £1075  per  ton  at 
present  prices.  The  ore  occurs  in  an  ore-channel,  which  has 
been  proved  to  an  extent  of  some  400  feci  in  width  and  8,000  feet 
in  length,  and  is  about  the  contact  of  a  feldspathie  country  rock 
on  the  hanging-wall  and  rhyolite  on  the  footwall.  It  is  proposed 
to  equip  the  mines  to  work   -!00,000  tons  of  ore  annually,  and 
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thecapital  requirement  estimated  for  this  is  about  £250,000.  A 
concentration-mil]  is  to  he  erected,  and  hydro-electric  plant  is 
hi  be  installed.  The  light  railway  is  to  be  of  1  metre  (39|  inches) 
gauge,  the  same  as  the  Burma  railways.  A  profit  of  £2  H>s.  to 
£.",  per  din  of  the  richer  ore  is  estimated,  and  an  improvement  on 
this  is. probable  with  improved  metallurgical  methods  of  recover- 
ing the  constituents.  A  large  quantity  of  poorer  ore  will  1  »**  con- 
cent rated  by  machinery,  which  is  not  necessary  with  the  richer  ore. 

(5)  Rubies.  The  Burma  Ruby  Mines.  Limited,  was  formed 
in  L889  in  acquire  a  seven-years'  lease  over  an  area  of  -Mill  square 
miles,  known  as  the  Mogok  Stone  Tract.  The  lease  reserves  to 
the  lessee  the  sole  right  to  buy  and  enforce  t lie  sale  of  all 
precious  stones  raised  by  license-holders,  and  to  win  precious 
stones  by  any  method  at  any  unoccupied  place.  The  writer  is 
indebted  to  Mr.  A.  H.  Morgan,  the  agent  of  the  company,  for 
the  following  details  of  probably  the  oldest  mining  industry  in 
Burma,  which  may  be  of  interest. 

The  early  history  of  the  mines  is  obscure,  but  it  is  on  record 
that  in  1597  the  ruby-producing  villages  of  Mogok  and  Kyatpyin 
were  obtained  by  the  Burmese  king  from  a  neighbouring  Shan 
ruler,  in  exchange  for  the  town  of  Tagaung  on  the  Irrawaddy. 
From  that  date  to  the  annexation  of  Upper  Burma  in  1885  they 
were  owned  by  the  king,  and  worked  more  or  less  regularly  under 
a  condition  that  any  stone  found  of  a  value  over  £33  (500  rupees) 
was  the  property  of  the  king.  The  rent  under  the  first  lease  was 
£26,666  per  annum,  plus  1G'G6  per  cent,  of  the  net  profits.  £1 
shares  at  this  time  went  up  to  £4.  This  .lease  was  renewed  in 
1897  for  fourteen  years  at  a  rental  of  £21,000  per  annum,  plus 
L'U  per  cent,  of  the  net  profits.  In  1899,  however,  a  fresh  arrange- 
ment was  made  by  which  the  rental  was  reduced  to  £13,333  and 
the  Government  share  of  the  net  profits  increased  from  20  to  30 
per  cent.  At  present  the  lease  runs  to  1932  at  a  fixed  rental  of 
£13,333  (200,000  rupees)  per  annum,  plus  30  per  cent,  of  the 
net  profits,  plus  ■'!()  per  cent,  of  license  income  above  £13,333. 
The  gems  occur  in  valley  and  hillside  alluvial  ground,  called 
locally  "  byoii."  their  origin  being  bands  of  crystalline  limestone 
associated  with  basic  gneissic  rocks.  The  method  of  working  is 
generally  as  follows:  A  pit  about  10  feet  square  and  L'5  feet 
deep  ie  dug  in  the  gem-bearing  ground,  and  in  it  is  placed  a 
centrifugal  pump.     The  ground   in  the  vicinity  of  the  pump  is 
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tli. >n  Loaded  into  trucks,  hauled  up  by  an  endless  rope,  and  tipped 
through  screens  into  washing-pans.  When  the  level  of  the  mine 
reaches  the  same  level  as  the  jmhii|i.  another  pit  is 
dug  and  the  pump  lowered,  and  so  on.  The  byon  is  con- 
centrated in  the  pans  to  aboul  1  per  cent,  of  its  original  hulk. 
The  concentrate,  now  handled  by  Europeans,  is  screened  to  live 
sizes,  discarding  the  sand.  The  largesl  goes  direct  to  the  sorting- 
table,  and  the  other  lour  sixes  are  tirst  jigged  and  panned  by 
hand,  and  then  go  to  tlu-  sorting-table.  There  are  some  fourteen 
qualities,  and  the  most  valuable  stone  vet  found  was  IS  J,  carats 
in  I  he  rough,  producing  a  ruby  of  11  carats  and  worth  £7,000. 
Besides  rubies,  spinels,  sapphires,  garnets,  tourmaline,  heryl, 
rock-crystal,  •etc.,  are  found.  The  labour  is  supplied  by  Chinese 
and  Shans  or  Maingthas,  and  the  rate  of  pay  is  Is.  4d.  (1  rupee) 
lor  a  shift  of  ID  hours.  The  power  used  is  from  a  hydro-electric 
installation;  but  the  necessity  for  pumping  has  been  reduced  to 
a  iii i ii i iii ii iii  by  a  tunnel  which  was  driven  to  drain  the  whole 
Mogok  M  ine  valley. 

Natives,  who  work  under  license,  pan  and  sluice  the  byon  by 
hand.  The  company  has  paid  dividends  fairly  regularly 
since  1899,  varying  from  1 7 A  to  4T<>  per  cent.,  the  latter  being 
the  rate  paid  in  L913.  A i  present  the  successful  operations  of  the 
concern  are  threatened  by  two  factors — first,  the  introduction  of 
manufactured  stones;  and.  secondly,  the  fact  that  rubies  are  le*>s 
fashionable  t  han  I  hey  were. 

(6)  Tin  mill  ]]  nl  I  in  in .  The  Mam  hi  Tin  and  Wolfram 
Mines,  Limited,  is  a  subsidiary  of  the  Southern  Shan  Slates 
Syndicate,  and  was  registered  in  June,  1911.  The  mines  aie  in 
the  Kareiini  Slate  of  Bawlake  in  the  Southern  Shan  States.  Part 
of  the  ground  has  been  developed  for  mining,  and  a  mill  and  a 
dressing-plant  have  jusi  commenced  running.  The  writer  has  no 
delaiU.  hul  believes  thai  the  ore  contains  about  2  percent,  of 
metallic  tin.  It  is  hoped  to  produce  LOO  to  L20  Ions  of  tin-wol- 
fram  concentrates  every   month. 

(7)  The  district  nf  Tavoy  is  one  of  very  great  natural  beauty 
and  fertility,  with  a  rainfall  of  over  200  inches,  varying  locally. 
With  the  stability  of  the  demand  for  wolframite  or  wolfram,  and 
the  high  price  which  tin  now  fetches,  it  is  surprising  thai  Tavoy 
has  not  attracted  more  attention.  Perhaps  if  the  Nigerian  boom 
had  not  occurred  when  il  did,  the  present  backward  state  of  the 
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district  might  have  been  avoided.  In  very  many  cases  the 
deposits  offered  a  very  attractive  proposition,  namely,  evidence 
at  the  surface  of  well-defined  reefs,  with  a  reasonable  probability 
of  miners  being  able  to  work  the  hillside  alluvial  ground  or  dis- 
integrated shed  lode-matter  at  such  a  profit  as  would  cover  all 
expenditure  necessary  to  prove  whether  the  reefs  were  valuable 
or  not.  As  it  was,  the  .Government  relaxed  its  rules  and  granted 
concessions  to  nearly  all  comers,  with  the  result  that  many  con- 
cessions  have  l>een  worked  for  the  outcrops  and  hillside  alluvial 
alone  at  a  high  rate,  paid  in  order  to  obtain  a  quick  return,  with- 
out any  attempt  being  made  to  test  the  value  of  the  reefs  by  such 
simple  methods  as  driving  adits,  to  which  the  contour  of  the 
country  is  generally  adapted.  This  does  not,  of  course,  apply  to 
concessions,  which,  however,  are  in  the  minority,  where  surface 
evidence  of  the.  origin  of  the  ore  goes  to  show  that  it  came  in  all 
probability  from  numerous  small  stringers  distributed  through 
the  country  rock,  and  where  there  is  no  evidence  of  well-defined 
reefs.  The  ore  extracted  so  far  has  been  got  from  open-cut  work- 
ings on  the  outcrops  of  quartz  reefs,  sluicing  on  the  sides  of  the 
hills  below  the  outcrops,  sluicing  ground  through  which  run  rich 
quartz-stringers,  and,  in  a  few  instances,  where  the  country  rock 
is  shale  and  soft  enough,  from  drives  on  reefs  which  are  rich 
enough  to  yield  ore  sufficient  to  pay  more  than  the  cost  of  driving. 
Most  of  the  sluicing  is  done  in  the  rains.  Almost  all  work  is  on 
contract.  The  average  cost  of  concentrate  on  board  Tavoy  varies 
from  £60  to  £80  per  ton.  Some  concentrates  assay  up  to 
73  per  cent,  of  tungstic  acid,  while  others  go  up  to  36  per  cent,  of 
cassiterite.  The  following  is  a  typical  analysis  of  wolframite 
concentrate  from  the  Thingandon  Mine,  belonging  to  the  Tavoy 
Concessions,   Limited  : 

Per  eent. 

Tungstic  acid  ...  ...         ...         ...         ...         ...  7030 

Tin  oxide       ...         ...         ...         ...         ...         ...         ...  0f>9 

Iron  protoxide  1J90 

Manganese    ...         ...         ...         10  "93 

Copper  0'13 

Zinc (lis 

Calcium  oxide  ...  ...  ...  ...  ...  ...  0  4.'! 

Silica  ...  ...  ...  ...  ...  ...  .  ...  3"7o 

Sulphur  ...         ...         ...         ...         ...         .  ...  0  0'2 

Undetermined  and  loss      ...         ...         ...         ...         ...  0-77 

Total  100O0 
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As  regards  reef-mining,  work  is  now  in  progress  on  a  few 
mines  in  order  to  prove  the  value  of  the  reefs  in  depth,  the 
grades  of  which  are  high  at  the  surface.  No  single  reef  has 
vet  been  developed  in  the  district,  so  that  its  future  is  not  ye1 
assured,  as  no  one  surface-deposit  is  likely  to  last  more  than 
a  few  years.  Reasonable  expectation,  however,  is  fully  justi- 
fied thai  some  of  the  reefs  will  prove  workable.  Two  small 
reduction-plants  have  been  installed,  one  with  a  roller  reduction- 
mill  at  the  Pagaye  Mine,  and  one  with  stamps  at  the  Kambouk 
Mine.  These  have  yet  to  prove  that  their  erection  is  justified, 
as  no  proper  development  of  the  reefs  was  carried  out  first.  Cross- 
cut adits  to  give  100  to  500  feet  of  "  backs  "  are  being  driven  to 
cut  reefs  that  are  rich  at  the  outcrops  on  the  Hermyingyi  Mining 
Company's  property  at  Hermyingyi,  and  on  Kadwe  and  Kalonta 
Mines,  which  belong  to  the  Tavoy  Concessions,  Limited.  Rock- 
drill  plant  is  being  installed  at  the  first  place.  The  Lower  Burma 
Chamber  of  Mines  has  been  formed,  and  difficulties  which  have 
been  experienced,  as  a  result  of  rules  that  were  not  adapted  to 
the  district,  are  being  adjusted.  Although  the  East  moves 
slowly,  the  local  Government  shows  a  disposition  to  help  for- 
ward the  industry,  and  (the  writer  believes)  will  give  more 
generous  support  if  the  work  now  in  hand  to  prove  the  reefs 
shows  that  the  future  of  the  district  in  regard  to  mining  is  well 
established.  One  great  difficulty  has  been  the  want  of  roads. 
The  Public  Works  Department  have  now  a  programme  which, 
if  put  in  hand  without  delay,  will  largely  remedy  this  defect. 

Very  marked  is  the  scarcity  of  professional  labour,  nearly 
all  mining  work  being  done  on  contract  by  Chinese  and 
Burmese.  The  real  cause  of  this  is  that  lack  of  capital  which 
has  been  so  evident  throughout,  and  the  consequent  lack  of 
demand.  The  majority  of  concession-holders  were  impecunious, 
and  to  all  intents  and  purposes,  having  once  obtained  a  pros- 
pecting license  from  the  Government,  turned  over  the  working 
of  their  concessions  to  Chinamen  on  contract,  caring  nothing 
how  the  ground  was  worked  so  long  as  they  could  induce  them 
to  work  at  such  a  price  as  to  show  them  a  good  profit,  and  so 
long  "as  they  made  a  quick  return.  It  must  be  admitted  that 
the  surface-deposits  are  well  adapted  to  this  method  of  ex- 
ploitation, but  the  lack  of  supervision  is  very  evident,  and  the 
call   for  day's-pay    labour   has  been  small.         When,   however, 
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capital  is  introduced  into  the  district,  as  it  is  hoped  it  soon  will 
be,  and  the  demand  for  wage  coolies  increases,  whereas  contract 
work  decreases  with  the  exhaustion  of  the  surface-deposits,  it 
will  be  found  that  much  of  the  present  labour  will  adapt  itself 
to  the  new  conditions.  Further,  labour  is  easily  obtainable  from 
Upper  Burma  and  India. 

In  1909,  British  India  ranked  eighth  in  the  world's  producers 
of  wolfram,  with  90  long  tons,  whereas  in  1912  she  was  first  with 
1,645  tons,  and  this  position  has  been  maintained.  The  output 
from  Tavoy  alone  was  1,499  tons  in  1912  and  1,508  in  1913. 
This  is  approximately  20  per  cent,  of  the  world's  output.  The 
largest  producers  for  1914  are  the  Tavoy  Concessions,  Limited, 
and  the  Hermyingyi  Mining  Company,  Limited,  as  follows:  — 

Output  of  Wolfram  from  January  1st  to  July  31st,  1914. 

Tons.        Cwts.      Qm.       Lbs. 

Tavoy  Concessions,  Limited  160         16         0         11 

Hermyingyi  Mining  Company,  Limited    ...         206         18         3         10 

The  dredger  working  the  Hindu  Choung,  near  Myitta,  some 
30  miles  east  of  the  town  of  Tavoy,  is  of  special  interest,  being 
the  first  circular-cutter  suction-dredge  installed  to  work  for 
tin.  The  ground  now  being  worked  is  low-grade,  but  there 
should  be  better  higher  up  the  river. 

A  few  notes  on  the  simple  geology  of  the  district  may  be  of 
interest.  The  wolframite  ore-deposits  are  associated  with  the 
intrusive  granite,  forming  a  main  range  of  hills  running  south- 
south-east  and  north-north-west  through  Mergui  and  Tavoy  dis- 
tricts, and  forming  part  of  the  large  mineralized  belt  mentioned 
at  the  beginning  of  the  paper.  The  quartz-reefs  enter  the 
sedimentary  rocks  (schists,  slates,  and  quartzites).  Local 
geological  conditions  do  not  appear  to  have  any  specific  bearing 
on  the  size  or  nature  of  the  reefs.  Cross-course  veins  occur  both 
in  granite  and  in  schists,  but  are  comparatively  infrequent,  and 
do  not  differ  materially  from  those  that  follow  the  general  strike 
of  the  country.  The  writer  has  not  observed  any  intrusions  apart 
from  the  granite  of  the  main  range,  which  is  generally  biotitic, 
nor  any  but  very  insignificant  faulting.  No  cassiterite  or  wolf- 
ramite has  been  found  as  a  constituent  of  the  granite.  Heat 
metamorphism  is  evident  with  some  reefs  and  stringers,  whereas 
witli  others  il  is  not  observable  to  the  naked  eye.  Metamorphism 
does  not  appear  to  he  associated  in  any  way  with  the  grade  of  the 
reefs. 
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(8)  All  tin  and  wolfram  in  Mergui  is  go1  at  presenl  by 
native  methods.  During  a  tour  through  Mergui  and  the 
neighbouring  islands  the  writer  visited  sonic  forty  mines.  Those 
engaged  are  Chinese  principally,  with  some  Siamese,  Karens, 
and  Burmese.  Mining  has  been  going  on  for  very  many  years. 
The  tin  is  exported  in  "pigs"  of  metallic  fin,  which  are  run 
tn""  amal]  Chinese  blast-furnaces,  with  charcoa]  and  suck 
quartz  as  may  be  adbering  to  particles  of  cassiterite  as  fluxes. 
Wolfram  occurs,  and  is  being  exported,  but  only  in  small 
quantities  at  present.  The  writer  has  found  some  areas  suit- 
able for  dredging-  which  are  well  worth  testing,  and  lie  has  no 
doubt  that  attention  will  be  turned  to  this  part  of  Burma  at 
some  future  date.  Despite  the  pearling  industry,  and  rubber 
planting,  ;1,nl  despite  also  its  great  fertility,  the  district  Inns  never 
been  opened  up.  This  is  owing  to  the  tact  that  the  headquarters 
<»f  both  industries  are  in  the  town  of  Mergui.  Nearly  all  pearl- 
ing boats  sail  from  there,  and  most  of  the  land  planted  with 
rubber  is  in  the  neighbourhood,  although  there  i,s  much  ground 
elsewhere  eminently  suitable  for  rubber  or  cocoa-nuts. 

(9)  The  Burma  Development  Syndicate  was  formed  many 
years  ago  to  work  an  irregular  tin-wolfram  deposit  at  Maliwun, 
close  to  Victoria  Point,  which  is  the  extreme  south  of  Lower 
Burma.  Reduction  and  concentrating-  plant  was  installed  with 
hydro-electric  power.  The  plant  was,  the  writer  understands, 
faulty  in  design,  and  the  ore  was  not  as  anticipated,  no  proper 
development  work  being  done.  He  has  heard  that  another  plant 
i-  being  installed,  but  has  no  details  concerning  the  enterprise. 

In  conclusion,  the  writer  is  not  averse  that  members  should 
read,  underlying  the  wording  of  the  paper,  a  great  liking  for 
the  country,  and  a  desire,  apart  from  personal  interests,  to  see 
systematic  exploration  of  such  fields  as  are  really  deserving  of 
attention. 


The  President  (Mr.  T.  Y.  Greener)  proposed  a  vote  of  thanks 
to  Mr.  Chater  tor  his  paper. 

Mr.   X.    B.   RiDLEV  seconded   the   vote   of  thanks,    which   was 
heartily  accorded. 
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A  P  P  E  X  D  I  C  E  S 


-NOTES  OF  PAPERS  ON  THE  WORKING  OP  MINES,  METALLURGY, 
ETC.,  FROM  THE  TRANSACTIONS  OF  COLONIAL  AND  FOREIGN 
SOCIETIES  AND  COLONIAL  AND  FOREIGN  PUBLICATIONS. 


The  following  contractions  are  used  in  the  titles  of  the  publications 
abstracted  :  — 

Bur.  Mines.    Bureau  of  Mines,  Washington,  U.S.A. 

Geol.  Surv.  Canada.  Geological  Survey  of  Canada,  Department  of  Mines, 
Ottawa,  Canada. 

Journ.  Min.  Soc.  Nova  Scotia.  Journal  of  the  Mining  Society  of  Nova  Scotia, 
Sydney,  Nova  Scotia. 

Queensland  Geol.  Surv.  Queensland  Geological  Survey,  Department  of  Mines, 
Brisbane,  Australia. 

Rec.  Geol.  Surv.  India.  Records  of  the  Geological  Survey  of  India,  Calcutta, 
India. 

Univ.  Illinois.     University  of  Illinois,  Urbana,  U.S.A. 

Zeitschr.  f.  Berg-,  Hiitt.-  u.  Salinenwes.  Zeitschrift  fur  das  Berg-,  Hutten- 
und  Salinenwesen  im  preussischen  Staate,  Berlin. 

GEOLOGY,  MINERAL  DEPOSITS,  ETC. 

Some  Newly  Discovered  Coal-seams  near  the  Yaw  River,  Pakokku 
District,  Upper  Burma. — By  G.  de  P.  Cotter.  Rec.  Geol.  Surv.  India, 
1914,  vol.  xlvi.,  pages  163-185. 

The  writer  found  numerous  coal-seams  in  the  sandstones  overlying  the 
Nummulitic  shales.  One  specimen  from  a  seam  exposed  close  to  Tazu  Village 
gave  the  following  proximate  analysis  : — Moisture,  16'88;  volatile  matter, 
3810;  fixed  carbon,  3572;  ash,  930;  total,  100000.  The  coal-seams  may  be 
divided  into  three  areas  :  — 

(1)  Letpanhla  Field. — The  seams  running  from  the  Yaw  River  half  a  mile 
south-east  of  Letpanhla  Village  in  a  south-westerly  direction  to  the  crest  of 
the  Pondaung  fold.  The  dip  varies  between  40  degrees  at  the  Yaw  River  to 
close  on  30  degrees  near  the  crest  of  the  fold. 

(2)  The  seams  running  from  the  crest  of  the  Pondaung  fold  in  the 
Yekyin  Chaung,  north-westwards  past  Tazu  Village  along  the  western  flank 
of  the  anticline.  All  this  coal  dips  steeply,  and  is  usually  inclined  at  angles 
which  exceed  60  degrees. 

(3)  Tazu  Field. — The  seams  exposed  iu  the  gently-dipping  western  flank 
of  the  syncline  west  of  Tazu  Village.  The  dip  varies  from  about  10  degrees 
in  the  north  to  about  20  degrees  in  the  south.  It  has  been  examined  in  the 
Shan,  the  Chaung  north  of  the  Yaw  River,  and  in  the  Kan,  Thongwa,  and 
Newe  Chaungs  south  of  the  Yaw  River. 
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Besides  these  a  coal-seam  occurs  in  the  Pondaung  Sandstones,  which  does 
not.  however,  appear  to  be  of  economic  importance. 

Proximate  analyses  of  these  coals  show  a  remarkably  high  percentage  of 
moisture,  and  an  excessive  proportion  of  volatile  matter  as  compared  with 
fixed  carbon.  The  ash  content  is  fairly  low,  but  in  all  other  respects  the 
analysis  is  very  disappointing.  The  joints  of  the  seams  are  frequently  filled 
with  thin  layers  of  gypsum,  and  probably  all  the  sulphur  occurs  either  as 
gypsum  or  as  soluble  sulphate.  Traces  of  iron  pyrites  are  often  visible. 
Owing  to  these  defects,  the  raw  fuel  may  be  regarded  as  unsuitable  for  most 
purposes,  except  perhaps  for  dressing  tools  in  forges.  The  high  percentage  of 
sulphur  is  harmful  even  for  this  purpose.  It  could  not  compete  with  coal 
imported  to  Upper  Burma  from  India,  unless  some  expensive  process  of 
briquetting  was  resorted  to.  The  coal  can  be  mined  in  fairly  hard  and  large 
lumps,  but  these  rapidly  crumble  to  fragments  on  exposure  to  the  air,  owing 
to  the  loss  of  moisture. 

The  various  defects  of  these  seams  are  summed  up  as  follows  :  —  (1)  They 
are  marred  by  frequent  partings,  making  them  expensive  to  work ;  (2)  the 
roof  is  poor,  and  would  require  expensive  timbering ;  (3)  the  quality  of  the 
coal  is  very  poor,  owing  to  the  high  percentage  of  moisture,  the  small  amount 
of  fixed  carbon,  and  the  presence  of  excessive  sulphur;  and  (4)  the  coalfield 
is  not  near  any  railway,  and  is  46  miles  distant  from  the  river.  Against  this, 
it  is  to  lie  remembered  that  Bengal  coal  usually  fetches  well  over  Rs.  20  per 
ton  in  Upper  Burma  and  the  Oilfields.  This  coal  would  be  useless,  therefore, 
if  situated  in  a  similar  position  in  India,  but  the  high  price  of  Indian  coal 
in  Upper  Burma  makes  the  writer  unwilling  to  condemn  these  fields,  although 
he  doubts  very  much  whether  they  are  likely  to  prove  of  economic  value  for 
many  years  to  come.  A.  P.  A.  S. 


Coal-resources  of  Queensland. — By  B.  Dunstan.  Queensland  Geol.  Surv.y 
Department  of  Mines,  1913,  Publication  No.  239,  pages  1-29. 

Queensland  has  vast  regions  of  magnificent  coal-bearing  countiy  dis- 
tributed over  its  area  of  670,500  square  miles,  the  deposits  occurring  in  many 
portions  of  the  central  and  southern  districts,  and  in  a  few  localities  in  the 
northern  and  western  districts.  For  200  miles  the  south-eastern  portion  of 
its  seaboard  is  furnished  with  coal-measures,  whilst  inland  there  is  an 
uninterrupted  stretch  of  coal-measures  extending  over  a  distance  of  600  miles. 

The  area  of  the  geologically  surveyed  coal-measures  of  the  State  is 
estimated  to  be  73,000  square  miles,  this  being  15,000  square  miles  greater 
than  that  of  the  whole  of  England  and  Wales.  Of  this  area,  20,000  square 
miles  are  made  up  of  recognized  coalfields,  the  remainder  consisting  of  lands 
known  to  contain  coal,  but  not  yet  proved  valuable  for  coal-mining  purposes. 

The  geological  formations  containing  coal-measures  belong  to  the  Mesozoic 
and  Palaeozoic  Ages,  the  Systems  represented  being  (1)  Upper  Cretaceous 
(Desert  Sandstone  and  Rolling  Downs  Formation),  (2)  Trias-Jura  (Ipswich  and 
(  ?)  Burrum  Formations),  and  (3)  Permo-Carboniferous  (Tolmies,  Clermont, 
Dawson,  and  Mackenzie  Formations — Upper  and  Lower  Boweu  Formations). 
Of  these  coal-bearing  formations  the  Cretaceous  deposits  are  of  minor  import- 
ance, the  Trias-Jura  measures  being  those  from  which  most  of  the  coal-supplies 
are  now  obtained.  In  future,  with  railway  communication  established,  the 
inland  Permo-Carboniferous  formations  will  be  an  important  source  of  supply,. 
but  most  of  those  deposits  remain  untouched  at  the  present  time. 
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The  estimation  of  actual,  probable,  and  possible  reserves  of  coal  in  an 
undeveloped  country  like  Queensland  is  attended  with  many  difficulties.  The 
whole  question  has  been  considered  as  carefully  as  circumstances  would  allow, 
and  the  results  may  be  taken  as  a  summary  of  the  information  accumulated 
officially  during  the  last  twenty-five  years.  Notes  are  given  showing  the 
general  character  of  the  seams,  together  with  other  details  bearing  on  the  r 
stratigraphical   feat  ores. 

The  quality  of  coal  occurring  in  the  numerous  area-  i-  Bhown  in  an 
analytical  table,  in  which  the  percentages  of  the  ash,  fixed  carbon,  etc.,  are 
the  mean  of  many  hundreds  of  analyses  made  for  the  Queensland  Geological 
Survey.  Notes  on  the  table  of  analyses  also  show  the  special  purposes  for 
which  the  coal  is  adapted.  Some  statistical  notes  are  included  to  show  the 
value  of  the  output  of  the  coal-mines  since  1860,  the  year  when  returns  we:e 
first  officially  recorded.  The  coal  output  of  the  collieries  in  Queensland  has 
been  gradually  increasing  from  a  yield  of  323,068  tons  in  the  year  1895,  to 
891,568  tons  in  1911.  The  production  in  the  latter  year  is  valued  at  £323,£98, 
the  value-percentage  being  6'43  of  all  the  coal  produced  in  the  State  up  to  the 
end  of  1911,  and  the  quantity-percentage  6'73.  Queensland's  total  output 
up  to  the  end  of  1911  is  estimated  at  13,251,883  tons,  valued  at  £5,038,971, 
this  being  equivalent  to  5'05  per  cent,  of  the  total  value  of  all  the  minerals 
produced  in  the  State  to  the  end  of  the  same  year,  which  is  estimated  to  be 
£99,833,636. 

The  total  coal-areas  in  Queensland  containing  "  proved  "  coal-seams  one 
foot  or  over  in  thickness  are  estimated  to  contain  412,12O,0C0  tons  of  ccal  in 
actual  reserve,  the  calculation  being  based  on  the  thickness  and  extent  of 
the  seams,  but  without  regard  to  availability.  The  "  probable  "  reserves  are 
estimated  at  1,685,000,000  tons.  A.  P.  A.   S. 

Gold-fields  of  Nova  Scotia.. — By  W.  Malcolm  (compiled  largely  from  the 
results  of  investigations  by  E.  R.  Faribault).  Geol.  Surv.  Canada, 
Department  of  Mines,  1912,  Memoir  No.  20-E,  pages  1-331. 

Introduction. — The  gold-fields  of  Nova  Scotia  occupy  that  half  of  the 
Province  which  lies  along  the  Atlantic  coast  and  extends  the  full  length  of  the 
peninsula.  The  rocks  consist  of  an  immense  thickness  of  quartzites  and  slates 
folded  into  long  east-and-west  anticlines,  and  intruded  into  by  granite.  The 
ore-deposits  are  in  the  form  of  veins,  which  are  found  aggregated  on  the 
domes  of  the  plunging  anticlines.  Gold  was  discovered  about  fifty  years 
ago,  and  since  that  time  the  district  has  received  much  attention  from 
geologists  of  repute.  Careful  and  detailed  field-work  has  been  done,  and 
many  partial  reports  have  been  written ;  but  no  complete  and  final  report 
has  been  presented  to  the  public.  The  object  of  the  present  memoir  is  to  lay 
before  the  public  a  record  of  the  results  of  these  investigations;  along  with 
other  more  detailed  information  acquired  by  Mr.  E.  R.  Faribault  during  his 
many  years  of  labour  in  the  field. 

Location  and  Area. — The  area  occupied  by  the  gold-bearing  rocks  forms 
approximately  an  isosceles  triangle,  the  apex  of  which  lies  at  Canso,  and  the 
base  at  the  western  end  of  the  Province.  At  the  eastern  end  the  area  is  very 
narrow,  but  increases  in  width,  until  at  the  western  end  it  occupies  nearly 
the  full  width  of  the  peninsula.  The  northern  boundary  is  the  southern 
shore  of  Chedabucto  Bay  as  far  as  the  mouth  of  Salmon  River,  the  valley  of 
which  it  follows  up  as  far  as  Ogden,  then  after  running  north-west  for  about 
3  miles  it  takes  a  south-westerly  course  to  a  point  1J  miles  south  of  Country 
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Harbour  cross-roads,  thence  in  a  nearly  westerly  course  it  crosses  St.  Mary 
River  near  the  confluence  of  the  east  and  west  branches,  and  continues  in  a 
nearly  straight  line  1  or  2  miles  south  of  the  west  branch  to  a  point  8  or  10 
miles  west  of  Trafalgar.  From  this  point  it  runs  in  a  straight  line  south-west 
to  near  Enfield  station  on  the  Intercolonial  Railway,  but  in  this  line  there  is 
an  important  break.  The  rocks  of  the  Lower  Carboniferous  group,  which  lie 
to  the  north,  extend  in  an  irregular  band  up  the  basin  of  -Gay  River  and 
across  to  the  valley  of  the  Musquodoboit,  up  which  they  extend  with  decreas- 
ing width  until  they  end  about  5  miles  above  Upper  Musquodoboit.  From 
near  Enfield  station  the  boundary  runs  in  a  very  irregular  line  northward 
about  15  miles,  then  south-west  past  Newport  station  to  Avon  Eiver  at  a 
point  4  miles  above  Windsor;  thence  it  runs  in  an  irregular  line  to  Wolfville. 
From  Wolfville  it  extends  in  a  general  south-westerly  direction  along  South 
Mountain  a  few  miles  from  the  Cornwallis  and  Annapolis  Rivers  as  far  as 
Upper  Clements  on  Annapolis  Basin.  From  this  village  to  the  western  end  of 
the  basin  the  northern  boundary  lies  in  the  Annapolis  Basin,  from  which  it 
runs  west  to  the  head  of  St.  Mary  Bay  at  Brighton.  The  boundary  west  from 
Wolfville  is  not  yet  well  established;  much  difficulty  has  been  met  by  those 
who  have  attempted  to  determine  the  dividing-line  between  the  gold-bearing 
rocks  and  those  of  undoubted  Silurian  and  Devonian  age.  Similar  difficulty 
has  been  met  with  in  regard  to  two  outliers  of  these  later  rocks  lying  a  few 
miles  to  the  south  of  Annapolis  Basin.  From  Brighton  onwards  the  western 
boundary  is  St.  Mary  Bay  and  the  Atlantic  Ocean,  and  with  the  exception 
of  some  small  areas  of  Lower  Carboniferous  rocks  at  the  head  of  St.  Margaret 
and  Mahone  Bays,  the  Atlantic  Ocean  forms  the  southern  boundary.  This 
area  includes  portions  of  the  counties  of  Guysborough,  Colchester,  Hants, 
Kings,  Annapolis,  and  Digby,  all  of  Yarmouth,  Shelburne,  and  Queens,  and 
nearly  all  of  Lunenberg  and  Halifax. 

The  extreme  length  of  the  area  is  about  275  miles,  and  the  width  varies 
from  10  miles  at  the  eastern  end  to  40  miles  measured  along  a  line  from 
Tangier  to  Stewiaeke,  and  75  miles  at  the  west  measured  along  a  line  from 
Digby  to  Lockport.  Its  area  is  estimated  at  10,250  square  miles,  about  half 
of  that  of  the  entire  Province;  of  this  about  4,000  square  miles  are  underlain 
by  granite  and  6,250  square  miles  by  the  true  gold-bearing  series. 

The  location  and  area  described  is  generally  known  as  the  true  gold- 
bearing  series,  but  gold  has  been  found  to  a  limited  extent  in  other  parts 
of  the  Province,  chiefly  in  the  alluvium  and  in  quartz-veins  in  crystalline 
schists  at  Middle  Eiver  (Victoria  County). 

Geology. — The  evidence  bearing  on  the  main  geological  features  may  be 
briefly  summarized  as  follows  :  — 

(1)  Rocks  belonging  to  the  three  great  classes  are  met  with  in  the  fields — 
igneous,  sedimentary,  and  metamorphic — the  sedimentary  rocks  occupying 
a  larger  area  than  the  igneous,  and  the  metamorphic  occupying  only  a  limited 
area  and  found  chiefly  in  contact  with  the  igneous  rocks. 

(2)  The  igneous  rock,  with  the  exception  of  a  number  of  narrow  basic 
dykes,  consists  altogether  of  granite.  This  varies  much  in  texture  and  com- 
position, being  in  some  places  a  medium-grained  muscovite-granite  and  in 
many  places  a  coarse-grained  porphyritic  biotite  granite  with  large  pheno- 
•  rysts  of  felspar.  Within  it  are  found  pegmatitic  phases,  but  nothing  that 
might  be  considered  of  an  extrusive  natiire  has  been  found. 

<:>}  The  sedimentary  rocks  consist  of  quartzites  and  slates.  Traverses 
from  south  to  north   across  the  field  reveal   the  fact   that   there   are   several 
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-wide  zones  of  slate  alternating  with  wide  zones  of  quartzite  carrying  beds  of 
interatratified  slate.  These  zones  have  an  easterly  and  westerly  extension 
parallel  to  the  general  strike  of  the  rocks;  they  are  many  miles  in  length, 
and  frequently  several  miles  in  width.  They  represent,  not  a  succession  of 
formations,  but  a  repetition  of  two  well-defined  formations,  one  a  slate  and 
the  other  predominantly  a  quartzite.  The  beds  dip  at  high  angles,  a  wide 
stretch  dipping  to  the  north  being  succeeded  on  the  north  or  south  by  a 
wide  stretch  dipping  southwards.  Occasionally  bed-  dipping  southwards 
have  been  traced  with  a  gentle  curve  pitching  to  the  east  or  west,  around 
to  a  position  in  which  they  dip  northwards.  An  examination  of  the  struc- 
tures of  these  rocks  shows  that  they  are  folded  in  long  east-and-west  anti- 
clines, which  at  different  points  plunge  to  the  east  or  west  and  form  more 
or  less  elongated  domes.  The  anticlines  are  on  the  average  3  miles  apart, 
and  from  5  to  100  miles  long,  and  the  domes  on  any  one  anticline  are  10  to 
25  miles  apart.  The  quartzite  or  Goldenville  Formation  is  found  on  the 
anticlines  and  domes,  and  the  slate  generally  in  the  syuclines,  showing  that 
the  former  is  the  lower  formation  of  the  two.  The  slate  or  Halifax  Forma- 
tion is  everywhere  found  to  lie  conformably  on  the  quartzite.  Numerous 
faults  cross  the  series  in  a  north-westerly  direction,  and  the  horizontal 
displacement  is  in  some  cases  over  a  mile  in  extent.  Very  extensive  erosion 
has  brought  the  country  to  the  coudition  of  a  peneplain,  and  exposed  an 
immense  thickness  of  these  stratified  rocks.  The  quartzite,  so  far  as  is 
known,  attains  a  thickness  of  16,000  feet,  and  the  slate  formation  left  in  the 
synclines  is  14,500  feet  thick.  The  age  of  this  series  is  not  known.  It  has 
been  regarded  as  of  Cambrian  age,  but  many  are  of  the  opinion  that  its 
history  reaches  back  to  still  earlier  times. 

(4)  The  metamorphic  rocks,  consisting  of  gneisses,  schists,  and  phyllites, 
are  found  chiefly  in  the  neighbourhood  of  the  granite,  and  are  produced  by 
the  contact-action  of  the  granite  upon  the  sediments. 

(5)  The  earliest  rocks  deposited  after  the  granite  intrusion  are  those  of 
the  Horton  Series.  These  have  not  suffered  the  close  folding  to  which  the 
gold-bearing  series  was  subjected,  and  consist  in  places  of  the  decomposed 
granite  of  the  gold-fields.  The  Horton  Series  is  of  late  Devonian  or  early 
Carboniferous  age. 

(6)  All  these  rocks  have  in  places  been  completely  denuded  of  all  loose 
surface-material,  and  frequently  they  are  found  with  polished  faces,  bearing 
long  parallel  scratches  or  grooves,  which  have  a  general  southerly  direction. 
Boulders,  many  with  their  angles  rounded  off,  are  frequently  found  scattered 
several  miles  from  their  corresponding  bed-rock,  and  large  hills  and  long 
ridges  of  sand  and  gravel  are  numerous.  The  evidence  seems  quite  con- 
clusive that  the  area  was  within  recent  times  subject  to  glacial  erosion. 

The  gold-bearing  series  is  thus  seen  to  consist  of  two  great  conformable 
formations  of  sedimentary  rocks,  closely  folded  into  long  anticlines,  plunging 
at  intervals  and  forming  domes.  These  were  intruded  into  by,  or  subjected 
to,  the  action  of  great  subjacent  masses  of  granite,  which  altered  portions  of 
the  sedimentaries  to  gneisses  and  schists.  The  main  folding  of  the  sedi- 
mentaries  and  the  intrusion  of  the  granite  took  place  before  the  close  of  the 
Devonian  Period,  when  the  Horton  Series  was  laid  down.  Subaerial  erosion 
removed  a  great  proportion  of  the  slate  formation  and  much  of  the  quartzite, 
and  revealed  wide  stretches  of  the  latter  along  the  anticlines;  and  in  recent 
times  the  loose  surface-deposits  were  rearranged  by  glacial  action. 

Ore-deposits. — (1)  The  gold  occurs  chiefly  in  quartz-veins,  some  of  which 
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cross  the  strike  of  the  formation,  but  most  of  which  are  interstratified  with 
the  rocks  and  lie  chiefly  in  the  slate-beds  found  in  the  quartzite  formation. 

(2)  The  veins  are  found  on  the  domes  or  at  the  plunging  of  the  anticlines, 
and  the  outcrops  form  a  series  of  concentric  ellipses  or  portions  of  ellipses. 
Some  veins  have  been  traced  around  the  arch  of  the  dome  from  one  limb  to 
the  other,  and  sinking  has  revealed  the  presence  of  a  series  of  saddle-veins 
which  do  not  come  to  the  surface. 

(Hi  While  most  of  the  veins  are  interstratified,  they  are  sometimes  seen 
to  cross  the  slate-bed  and  pass  from  the  footwall  of  quartzite  to  the  hanging- 
wall.  Inclusions  of  slate  in  the  vein  are  common,  and  veins  composed  of 
layers  of  quartz  and  interlaminated  films  of  slate  are  exceedingly  common. 
Veins  are  frequently  corrugated,  the  corrugations  on  the  sides  of  the  dome 
being  parallel  to  the  strike,  while  those  towards  the  ends  pitch  away  from 
the  centre  of  the  dome  at  an  angle  between  the  dip  and  strike  of  the  strata. 
These  latter  corrugations  are  often  quite  large,  and  are  called  "  barrels." 

(4)  Small  veins,  called  "  angulars,"  pass  out  from  the  main  veins  through 
fractured  strata,  and  frequently  pass  upwards  and  from  ona  vain  to  another. 

(5)  The  gold  occurs  in  shoots  which  pitch  at  a  low  angle  to  the  east  or 
west.  Most  of  the  gold  is  free-milling,  but  sulphides  commonly  found  in  the 
veins  carry  an  important  amount  which  is  not  amenable  to  amalgamation. 

(6)  The  richest  portions  of  the  veins  seem  to  lie  in  those  parts  of  the 
domes  where  there  is  some  irregularity  in  the  rock-structure,  where  a  greater 
fracturing  of  the  strata  or  a  greater  opening  between  the  strata  is  produce  1. 
This  frequently  occurs  along  some  subordinate  flexure  in  the  fold,  or  along 
lines  radiating  from  the  centres  of  the  domes  at  small  angles,  with  their 
major  axes. 

It  is  evident  that  the  deposition  of  the  ore  is  dejDendent  on  the  rock- 
structure.  It  is  believed  that  during  the  folding  process  there  was  a  slipping 
of  the  beds  one  ujion  another  with  a  consequent  Assuring  along  the  bedding- 
planes  of  the  less  resistant  rocks,  the  slates.  During  the  opening  of  these 
fissures  deposition  of  auriferous  quartz  took  place,  and  this  occurred  in  thosa 
parts  where  the  fracturing  of  the  rock  was  sufficient  for  the  passing  of  the 
solutions.  The  problem  of  the  origin  of  the  solution  has  not  been  satis- 
factorily solved.  Two  theories  have  been  advanced,  one  that  the  veins  were 
filled  by  the  lateral  secretion  of  auriferous  solutions,  and  the  other  that 
the  minerals  were  deposited  from  ascending  thermal  solutions.  The  latter 
is  the  more  generally  accepted  theory. 

Gold  has  been  mined  in  some  fifty  different  centres,  but  systematic 
prospecting  along  these  folds  by  men  who  understand  the  intimate  relations 
that  exist  between  rock  structure  and  gold-deposits  may  yet  reveal  the 
presence  of  other  paying  centres. 

Future  Possibilities. — There  is  reason  to  believe  that  the  auriferous  veins 
have  not  been  exhausted. 

(1)  Most  of  the  mining  done  in  the  early  days  of  the  industry  was 
carried  on   by   individuals   who  had  not  sufficient  capital   to  do  more  than 

merely  test  the  surface  of  the  vein,  and  only  the  tipper  pay-shoots  were 
worked  out.  Later  operations  have  shown  that  many  mines  that  were 
abandoned  in  the  early  days  contain  much  rich  ore.  There  are  still  many 
abandoned  veins,  the  surface  of  which  was  at  one  time  woi'ked  with  profit, 
and  which  would  probably  yield  good  returns  if  reopened  and  worked  by 
the  economical  methods  nowadays  in  vogue. 

(2)  The  veins  that  have  been  worked  at  a  profit  lie  in  a  bed  approximately 
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parallel  to  the  axis  oi  the  main  anticline  or  along  some  subordinate  flexure. 
It  lias  been  oonceived  that  there  is  in  each  district  a  pay-zone,  which  has  a 
surface  equal  to  the  area  in  which  the  paying  veins  outcrop,  and  extends  to 
an  indefinite  depth  parallel  to  the  axial  piano.  With  this  idea  in  view,  a 
policy  of  deep  mining  has  been  recommended.  In  support  of  this  theory 
stand  the  two  following  facts: — (a)  The  veins  of  Nova  Scotia  resemble  the 
saddle-reefs  of  Bendigo  (Australia),  which  have  been  mined  at  a  great  depth; 
(b)  veins  that  do  not  crop  out  have  been  found  by  sinking  and  cross-cutting, 
and  have  proved  profitable. 

Statistics. — The  increase  in  the  gold-production  of  the  Province  is  shown 
in  the  following  table:  — 


Year. 

1S62 
1872 

1882 
1892 
1902 
1910 
Total  production 
from  lS62to  1910 


Material 

crush,  d. 

Tons. 

6,473 

17,093 
12,081 

33,633 

192,076 

49,355 

2,0S3,452 


Total  Gold 

•  it  racted. 

Ozs. 

7,275 
13,095 
14,107 
21,080 
28,279 
10,326 

923,161 

A.  P.  A.  S. 


MINING    TECHNOLOGY. 
Working  Two  Coal-seams  Lying:  Near  One  Another. — By  W.  Herd.     Journ. 
Min.  Soc.  Nova  Scotia,  1914,  vol.  xix.,  pages  97-102. 

As  there  appears  to  be  considerable  difference  of  opinion  whether  it  is 
better  to  work  the  upper  or  the  lower  seam  first  or  in  advance  in  the  case  of 
two  coal-seams  lying  near  to  one  another,  the  writer  gives  a  short  description 
of  the  actual  working  of  two  such  seams. 

The  seams  referred  to  were  separated  over  a  considerable  area  by  only  15 
to  24  inches  of  arenaceous  shale  of  a  moderately  soft  character,  and  at  first 
both  seams  were  taken  in  the  one  working  by  advancing  long  wall.  When 
the  mid-stone  was  soft  enough,  the  holing  was  done  in  it;  but,  as  it  became 
harder  and  thicker,  the  top  seam  was  worked  about  5  feet  in  advance  of 
the  lower,  the  mid-stone  removed,  and  the  bottom-coal  lifted.  This  method 
was  adopted  in  preference  to  working  the  under  seam  in  advance,  because 
it  made  larger  coal  in  the  more  valuable  seam  and  prevented  the  top  coal 
and  stone  from  falling  together,  with  the  consequent  difficulty  of  filling  clean 
coal.  The  face  roof  was  good,  and  the  mid-stone  was  used  almost  entirely 
for  building  roadside  packs,  which  saved  the  expense  of  any  brushing. 

This  system  was  successful  until  the  mid-stone  increased  to  about  3  feet  in 
thickness,  when  the  labour  of  removing  the  stone  raised  the  cost  to  such  an 
extent  as  to  render  it  necessary  to  try  another  method.  The  one  finally 
adopted  was  to  work  the  lower  seam  in  first  for  a  distance  of  300  feet,  and 
then  to  work  back  the  top  seam  from  the  same  roads,  leaving  40-foot  stumps 
on  the  side  of  the  headings,  which  were  finally  drawn  out.  The  brushing  in 
the  lower  coal  was  taken  to  the  foot  of  the  upper  seam,  or,  if  the  mid-stone  was 
thin  enough,  to  within  9  inches  of  the  top  of  the  upper  seam,  at  which  point 
there  was  a  parting  :  either  method  giving  a  good  roof  which  required  very 
little  timber. 
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Going  in  one  direction  the  mid-stone  gradually  increased  in  thickness;, 
and  at  a  thickness  of  4£  feet  it  was  found  impossible  to  stow  the  brushing 
when  taken  to  the  upper  seam.  It  therefore  became  necessary  to  work  the 
two  seams  with  separate  roads  in  each.  It  was  generally  thought  better  to 
keep  the  upper  seam  in  advance,  so  as  to  prevent  a  broken  pavement  and 
the  loosening  of  face-props,  and  at  the  same  time  to  keep  the  goaf  tightly 
stowed.  The  upper  seam  was  therefore  worked  in  about  400  feet  before  the 
lower  working  was  commenced — that  is,  it  was  taken  under  a  waste  about 
six  months  old.  The  result  was  very  disappointing,  as  it  was  found  quite 
impossible  to  work  the  lower  seam  at  a  profit,  and  practically  nothing  but 
small  coal  was  made. 

After  this  failure,  the  bottom  seam  was  worked  in  advance  for  about  600 
feet  before  the  upper  seam  working  was  commenced,  which,  it  was  then  found, 
could  be  profitably  worked.  Contrary  to  the  previous  experience,  the  size 
of  the  coal  won  was  improved  after  the  lower  seam  was  extracted.  It  made 
very  little  difference  how  far  the  lower  seam  was  kept  in  advance,  so  long  as 
the  face  in  the  upper  did  not  come  within  200  feet  of  it.  As  a  general  rule 
the  distance  between  the  two  faces  was  never  less  than  300  feet,  as  this  was  the 
distance  at  which  the  main  headings  were  set  off,  and  the  face  in  the  upper 
seam  was  never  allowed  to  cross  a  working-road  in  the  lower.  The  depth  of 
the  seams  from  the  surface  was  between  600  and  1,000  feet,  and  the  average 
inclination  14  degrees.  One  of  the  most  important  points  to  be  observed  in 
working  two  seams  of  the  kind  is  to  keep  the  goaf  in  the  lower  seam  packed 
as  tightly  as  possible. 

Although,  with  the  conditions  just  described,  it  has  been  shown  that  the 
only  profitable  method  of  extracting  both  seams  simultaneously  was  to  keep 
the  lower  one  in  advance,  yet  the  writer  does  not  by  any  means  affirm  that 
in  all  circumstances  this  is  the  preferable  method.  Each  case  must  be 
considered  by  itself,  but  generally  the  writer  suggests  that  with  the  following 
conditions  at  moderate  depths  the  lower  seam  should  be  worked  first :  — 
(1)  When  the  under  seam  does  not  exceed  4  feet  in  thickness  and  the  goaf  can 
be  well  stowed;  (2)  when  the  intervening  strata  are  of  a  loose  and  broken 
nature;  (3)  when  the  upper  seam  is  of  a  soft  and  friable  character;  (4)  when 
there  are  watery  strata  above  the  upper  seam;  (5)  in  the  case  of  working  a 
thick  seam  by  the  longwall  method  in  lifts,  the  lower  portion  is  liable  to 
"  fire  "  if  it  should  be  worked  first;  and  (6)  in  the  case  of  a  thick  seam  liable 
to  "  bumps,"  the  extraction  of  a  lower  seam  will  tend  to  relieve  the  lateral 
pressure  which  is  largely  the  cause  of  bumping. 

The  cases  where  it  would  be  better  to  work  the  top  seam  in  advance,  are 
in  his  opinion  :  (1)  When  the  lower  seam  exceeds  4  feet  in  thickness ;  (2)  when 
the  top  seam  has  a  very  keen  roof  parting;  (3)  when  the  seams  lie  at  con- 
siderable depths;  and  (4)  when  working  a  thick  seam  in  lifts,  the  top  portion 
should  be  taken  first. 

A  unique  method,  which  has  proved  very  successful,  is  followed  in  one 
district  where  two  5-foot  seams,  separated  by  20  feet  of  strata,  are  worked 
by  bord-and-pillar.  Certain  areas  in  the  lower  coal  are  formed  into  pillars, 
and  their  extracting  on  postponed  pillars  have  been  formed  and  drawn  in 
the  upper  seam,  full  advantage  being  thus  taken  of  the  roof  weight  in 
driving  all  narrow  places. 

Finally,  the  writer  offers  the  suggestion  that  in  the  extraction  of  two  thick 
seams,  near  together,  at  considerable  depth,  the  hydraulic  flushing  system 
will  solve  all  the  difficiilties  at  present  apparent.  A.  P.  A.  S. 
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Safety   and    Efficiency    in    Mine   Tunnelling-. — By   David   W.    Brttnton   and 
John  A.  Davis.     Bur.  Mines,  1914,  Bulletin  No.  57,  pages  1-271. 

The  Bureau  of  Mines  during  1911  and  1912  made  a  special  examination  of 
this  phase  of  mining  operations,  in  connexion  with  an  investigation  of 
mining  methods  and  means  for  preventing  accidents.  The  details  especially- 
studied  were  the  provisions  for  the  safety  of  employees,  the  kinds  of  equip- 
ment, the  methods  of  driving,  and  the  cost  of  construction.  The  results  and 
conclusions  obtained  from  that  investigation  are  discussed  and  summarized 
in  the  present  Bulletin,  which  is  confined  chiefly  to  a  discussion  of  tunnels 
and  adits  for  mining  purposes,  such  as  drainage,  transportation,  or  develop- 
ment; but  it  also  discusses  those  used  to  carry  water  for  power,  irrigation,  or 
domestic  use,  in  which  the  essential  features  are  practically  identical  with 
those   of   mine   tunnels. 

As  most  tunnels  of  the  sort  discussed  are  driven  through  rocks  at  least 
fairly  hard  in  contrast  with  ordinary  soil,  quicksand,  and  other  heavy 
material  of  a  treacherous  nature,  and  practically  none  is  driven  through 
recent  river-bed  deposits,  descriptions  of  the  special  methods  and  equipment 
for  tunnel-work  in  such  materials  are  omitted.  A  distinction  is  made 
between  tunnels  or  adits  for  which  the  excavation  is  wholly  or  in  a  large 
part  in  material  containing  no  ore  and  those- that  follow  a  vein.  As  far 
as  possible  the  discussion  is  limited  to  the  former,  because  the  methods 
employed  in  driving  along  a  vein  are  usually  more  akin  to  the  distinctive 
operations  for  removing  ore,  and  are  therefore  not  so  apt  to  be  good  examples 
of  tunnel  practice. 

The  subjects  discussed  in  the  Bulletin  comprise  (1)  the  causes  and  pre- 
vention of  tunnel  accidents,  (2)  surface  and  underground  equipment  for 
driving  tunnels,  (3)  tunnel-construction  methods,  (4)  costs  of  tunnelling,. 
(5)  history  of  tunnelling,  (6)  significant  data  from  railway  tunnels,  and  are 
followed  by  (7)  a  comprehensive  bibliography.  A.  P.  A.  S. 

Analysis  of  Coal  with   Phenol  as  a  Solvent. — By  S.   W.  Parr  and  H.  F. 
Hadley.     Univ.  Illinois,  1914,  Bulletin  No.  76,  pages  1-41. 

The  purpose  of  this  investigation  was  to  examine  and  enlarge  upon 
certain  processes  of  analysis  which  proceed  in  a  manner  such  as  to  separate 
in  unaltered  form  the  fundamental  substances  of  which  coal  is  composed,  and 
to  study  their  characteristic  properties  in  detail.  In  conformity,  therefore,, 
to  this  general  proposition  as  to  the  constituents  of  coal,  the  investigation 
proceeded  upon  the  general  hypothesis  that  in  coal  two  types  of  compounds 
are  to  be  met  with  :  (1)  the  degradation  products  of  the  original  cellulose 
substances,  and  (2)  the  less  altered  and  perhaps  more  characteristic  compounds 
of  the  resinic  type. 

Various  extractive  agents  were  used  to  determine  the  extent  or  com- 
pleteness of  their  solvent  properties  Solvents  were  selected  which  would 
seem  to  have  the  greatest  ability  to  remove  those  bodies  that  were  of  the 
resinic  type.  The  substances  tried  were  arranged  in  the  order  of  their 
solvent  properties  in  so  far  as  that  would  seem  to  be  indicated  in  preliminary 
studies  directly  concerned  with  the  extent  of  the  solvent  action  of  each,  and 
were  as  follows  : — Phenol,  ortho-cresol,  low-boiling  tar  distillate,  para-cresol, 
pyridine,  phenol-toluene  mixture,  aniline,  methyl  aniline,  acetone,  toluene, 
benzene,  carbon  disulphide,  and  turpentine.  While  some  of  these  solvents 
might  warrant  further  study,  there  are  evident  advantages  over  the  other 
compounds  in  the  use  of  phenol,  and  it  was  therefore  made  the  subject  of 
extended  investigation. 
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A  general  survey  of  the  various  types  of  coal  was  made,  in  order  to 
determine  the  relative  amounts  of  phenol-soluble  extract  contained  in  each. 
The  average  amount  of  material  extracted  from  Pocahontas  coal  was  1'8 
per  cent.,  and  the  results  varied  in  the  case  of  Illinois  coals  from  22  to  39 
per  cent.     These  results  were  calculated  on  an  ash  and  moisture-free  basis. 

By  effecting  a  separation  as  indicated  under  (1),  it  was  possible  to  study 
separately  the  insoluble  residue  and  the  extracted  material,  to  determine 
which  had  the  greater  avidity  for  oxygen,  also  to  which  division  should  be 
credited  the  coking  constituents,  and  what  products  of  decomposition,  such 
as  gas,  illuminants,  tar,  etc.,  could  be  assigned  to  each. 

The  following  is  a  summary  of  the  results  obtained  in  the  investigation  :  — 

(1)  Phenol  at  100°  Cent,  will  dissolve  certain  constituents  of  bituminous 
coals  in  their  natural  state.  The  two  subdivisions,  designated  as  insoluble 
residue  and  extractivi  matt  rial,  together  make  substantially  100  per  cent,  of 
the  amount  of  the  original  substance. 

(2)  The  amount  of  extractive  material  is  definite,  and  susceptible  of 
quantitative  determination. 

(3)  Studies  upon  these  two  type-substances  indicate  that  the  extract  is  the 
vital  constituent  concerned  in  the  coking  of  coal.  It  conforms  to  the 
principle  already  enumerated,  in  that  it  has  a  sufficiently  definite  melting- 
point  and  a  decomposition-temperature  which  is  above  that  of  the  melting- 
point. 

(4)  Each  subdivision  is  capable  of  absorbing  oxygen.  The  effect  upon 
the  extract  is  to  modify  its  coking  properties  by  lowering  or  greatly  reducing 
its  power  to  form  a  firm  and  coherent  mass. 

(5)  The  oxygen  taken  up  in  either  case  is  found  to  be  chemically  com- 
bined. The  oxygen  taken  up  by  the  fresh  coal  is  similarly  held.  The 
insoluble  portion  has  the  greater  avidity  for  oxygen.  This  relation  to  oxygen 
has  a  bearing  upon  other  topics  apart  from  that  of  coking,  such  as  the 
heating  of  coal  in  storage,  spontaneous  combustion,  weathering,  and 
deterioration.  A.  P.  A.  S. 

Contributions   to    the    Question    of    Life-saving:. — By   Dr.    Ing.    Hagemann. 
Zeitschr.  f.  Berg-,  Hiitt.-  u.  Salinenwes.,  1914,  vol.  lxii.,  pages  222-315. 

Dr.  Hagemann  discusses  at  considerable  length  the  different  systems  of 
"  gas-diving  "  or  penetrating  through  noxious  gas  by  the  aid  of  breathing- 
apparatus.  He  shows  the  advantages  of  these  to  be  direct,  as  in  the  direct 
saving  of  life;  or  indirect,  as  in  cases  in  which  the  apparatus  facilitates 
salvage  operations  of  other  kinds,  and  gives  particulars  of  such  cases 
in  an  extensive  appendix.  Forty-nine  cases  of  accident  with  such 
apparatus  are  given,  a  third  of  them  having  occurred  in  combating  fires. 
The  losses  were,  as  a  rule,  confined  to  single  lives,  two  or  more  being 
involved  in  a  few  cases  only.  It  is  pointed  out  that  the  dangers  attached 
to  the  use  of  such  apparatus  should  not  be  taken  lightly,  and  that  where 
it  is  possible  to  attain  the  ends  in  view  without  them,  it  is  advisable  to  do  so. 

The  accidents  with  the  apparatus  are  due  to  a  variety  of  causes.  Direc- 
tions for  their  use  amount  in  general  to  this — that  everything  should  be  done 
to  obtain  the  best  appliances,  to  practise  the  men  in  their  use,  and  to  ensure 
their  intelligent  application.  As  regards  the  communication  of  the 
"  gas-divers  "  with  each  other,  it  is  set  forth  that  well-trained  men  can  make 
themselves  sufficiently  well  understood  by  means  of  rapping  signals.  The 
comparative    advantages    of   breathing   within    closed    helmets    and   inhaling 
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directly  through  mouthpieces  are  gone  into,  and  the  opinions  of  various 
authorities  on  both  sides  arc  quoted;  l>ut  tin-  issiu'  of  the  controversy  is 
considered  to  be  still  undecided.  For  the  training  of  the  gas-divers,  the 
provision  of  specially-appointed  rooms  for  practising  with  the  apparatus  is 
shown  to  be  necessary.  The  nature  of  the  room  and  it-  fittings  are  described 
at  length,  as  also  are  the  formation  of  the  corps  of  gas-divers  needed  bv 
larger  and  smaller  workings  respectively,  and  the  qualities  to  be  required 
of  the  men  who  volunteer  for  the  work.  About  a  fifth  of  the  whole  number 
of  the  reported  cases  of  accident  during  practice  relate  to  death  through 
the  inhalation  of  noxious  gases  in  the  mine,  this  showing  that  such  trial 
expeditions  in  noxious  gas  should  be  undertaken  only  with  the  greatest  of 
care.  In  a  section  relating  to  attempts  it  resuscitation,  it  is  shown  that 
before  the  application  of  Dr.  Brat's  method  of  artificial  respiration,  the 
tongue  of  the  patient  should  be  drawn  out  of  the  mouth  as  far  as  possible, 
so  that  the  passage  to  the  lungs  is  set  free,  and  thai  the  gullet  should  be 
gently  pressed  together  in  order  to  bar  the  way  to  the  stomach.  Attention 
is  drawn  to  the  dangers  attaching  to  compressed  oxygen,  and  the 
precautionary  measures  that  should  accompany  its  use  are  described.  The 
institution  of  refuges  designed  to  receive  fugitives  after  the  occurrence  of  an 
accident  is  considered  of  doubtful  advantage.  In  Germany  they  have  been 
required  by  the  authorities  only  in  the  case  of  the  Maximilian  Pit  at  Hamm. 
Safety-chambers,  fitted  up  with  apparatus  and  intended  to  take  in  men 
while  shots  are  being  fired,  have  not  always  afforded  the  expected  protection, 
and  warning  is  given  that  their  value  should  not  be  too  highly  rated. 

The  author  comes  to  the  conclusion  that,  despite  certain  failures,  a  distinct 
advance  has  in  recent  years  been  made   in  life-saving  apjdiances. 

A.  EL. 

Resuscitation  from  Mine-gases. — By  W.  B.  Cannon,  Geobge  W.  Crile, 
Joseph  Erlanger  Yandell  Henderson,  and  S.  T.  Meltzer.  Bur.  Mines, 
1914,  Technical  Paper  No.  77,  pages  1-3G. 

This  paper  is  the  report  of  a  committee  appointed  to  develop  an  efficient 
method  of  resuscitation  that  may  be  utilized  by  miners  or  other  persons 
who  have  not  had  the  training  of  a  skilled  physician,  but  frequently  have  the 
opportunity  of  treating  a  fellow-workman  overcome  by  electric  shock  or  by 
gases  in  places — generally  within  a  mine — that  the  physician  or  surgeon 
cannot  reach  in  time  to  save  life. 

The  committee  visited  mines  in  the  bituminous  and  anthracite  coal- 
regions  in  Pennsylvania,  met  and  had  discussions  with  men  engaged  in 
first-aid  work,  witnessed  demonstrations  of  methods  of  giving  artificial 
respiration,  examined  critically  these  methods,  studied  old  and  new  devices 
to  maintain  breathing,  and,  as  a  result,  now  offer  a  review  of  their  findings 
and  some  suggestions,  which,  it  is  believed,  will  increase  the  chances  of 
reviving  victims  of  mine  accidents.  The  recommendations  of  the  committee 
are  summarized  as  follows  :  — 

(1)  In  all  cases  of  suspended  or  inadequate  respiration,  as  in  very  slow 
breathing,  the  method  of  artificial  respiration  which  can  lie  most  quickly 
applied  should  be  used  at  once.  In  most  cases,  where  good  air  is  present, 
manual  methods  of  artificial  respiration  are  most  immediately  useful.  Of 
those  the  modified  Schaefer  or  prone-pressure  method  is  best.  If  there  is  on 
the  victim  a  local  wound  that  the  prone-pressure  method  may  seriously 
envenom,  the  Silvester  method,  in  which  other  parts  of  the  body  are  moved, 
may  be  substituted. 
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(2)  In  cases  of  carbon-monoxide  poisoning,  oxygen  should  be  given 
instead  of  air.  If  the  victim  is  breathing  at  approximately  the  normal  rate, 
oxygen  may  be  given  very  simply  by  fastening  to  the  face  of  the  victim  a 
mask  supplied  with  straps  to  hold  it  in  place,  fitted  with  an  outlet-valve  and 
connected  with  a  breathing-bag.  The  breathing-bag  is  kept  provided  with 
oxygen  from  a  cylinder.  If  the  victim  is  breathing  slowly  or  irregularly, 
or  has  ceased  breathing,  the  oxygen  should  be  administered  to  him  in  the 
absence  of  other  means,  by  a  manual  method  of  artificial  respiration,  pre- 
ferably the  prone-pressure  method.  The  patient  should  not  receive  any  liquid 
by  the  mouth  until  he  is  fully  conscious. 

(3)  Of  mechanical  devices  for  artificial  respiration,  the  committee  has 
examined  the  pulmotor  and  the  Dr.  Brat  apparatus,  and  disapproves  of 
them,  because  repeated  suction  of  air  from  the  lungs  is  not  physiological,  and 
if  continued  is  likely  to  result  in  injury  to  the  lungs  and  inadequate  inflation; 
and  also  disapproved  of  the  pulmotor,  because  the  automatic  mechanism  is 
so  readily  disturbed  as  to  be  unreliable  at  critical  moments. 

(4)  The  committee  recommend  the  apparatus  devised  by  Dr.  Meltzer, 
because  of  its  certain  action,  its  freedom  from  sucking  in  expiration,  and 
its  lightness,  cheapness,  and  simplicity.  The  committee  suggests  that  in 
cases  of  susj)ended  or  insufficient  breathing  the  modified  prone-pressure 
method  should  be  supplemented  as  soon  as  possible  by  the  use  of  this 
apparatus. 

Descriptions  are  given  of  the  various  methods  and  appliances  referred 
to  in  the  foregoing  recommendations.  A.  P.  A.  S. 

Relative  Effects  of  Carbon  Monoxide  on  Small  Animals. — By  George  A. 
Bueeell,  Feank  M.  Seibeet,  and  I.  W.  Eobeetson.  Bur.  Mines,  1914, 
Technical  Paper  No.  62,  pages  1-23. 

In  this  paper  are  presented  the  results  of  a  series  of  experiments  con- 
ducted by  the  Bureau  of  Mines  to  determine  the  relative  sensitiveness  of 
small  animals  to  repeated  exposures  to  atmospheres  containing  carbon  mon- 
oxide, and  the  relative  fitness  of  different  kinds  of  small  animals  for  use  in 
exploration-work  in  mines. 

The  results  of  the  tests  show  that  small  animals  may  be  repeatedly  used 
in  mines  to  indicate  the  presence  of  carbon  monoxide,  without  danger  of  losing 
their  susceptibility  to  that  gas,  and  that  of  the  animals  tested  canaries  are 
the  most  suitable,  as  they  are  easily  obtainable  and  clean,  and  become  pets  of 
the  men  who  have  care  of  them.  If  handled  intelligently  they  seldom  die 
as  a  result  of  exposure  to  atmospheres  containing  carbon  monoxide. 

During  the  experiments  the  conditions  under  which  recovery  work  with 
the  aid  of  small  animals  must  be  conducted  were  kept  in  view.  In  such 
work  an  exploration  party  usually  advances  until  the  animals  show  signs  of 
distress.  Then  the  animals  will  in  all  probability  be  carried  back  to  fresh 
air,  and  further  advance,  if  such  be  made,  will  be  accomplished  with 
breathing-apparatus.  If  a  general  reconnaissance  is  made  with  the  animals 
to  define  the  danger-zone  of  the  mine,  they  may  be  exposed  at  short  intervals 
to  proportions  of  carbon  monoxide  that  will  in  each  case  cause  collapse. 
Another  possible  contingency  is  concerned  with  the  use  of  animals  in  a  mine 
atmosphere  containing  a  very  small  proportion  of  carbon  monoxide,  say  OTO 
per  cent,  (a  proportion  that  does  not  usually  affect  canaries  or  mice  in  one 
hour),  and  then  in  an  atmosphere  containing  a.  larger  proportion.  It  is 
possible,  too,  that  an  animal  after  collapsing  at  a  certain  place,  because  of  the 
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proportion  <>t'  carbon  monoxide  there,  may  upon  resuscitation  be  used  in  an 
atmosphere  containing  a  proportion  of  carbon  monoxide  that  does  not  usually 
affect  an  animal  thai  has  ii"t  been  exposed  a  short  time  before.  Experiments 
to  fit  this  latter  case  were  tarried  out.  The  same  animal  may  be  used  on 
several    successive  days  while   a   mine   is   being-  explored. 

In  testing  for  vitiated  air  in  mines  with  small  animals,  one  must  keep 
several  facts  in  mind.  The  proportion  of  carbon  monoxide  taken  up  by  the 
blood  depends  upon  the  quantity  breathed,  and  under  different  conditions  of 
rest  or  exertion  men  breathe  varying  amounts  of  air.  A  man  at  rest  may 
breathe  6  to  8  litres  of  air  per  minute.  By  even  moderate  exertion  this 
quantity  may  be  doubled.  Consequently,  hard  work  in  an  atmosphere  con- 
taining a  given  proportion  of  carbon  monoxide  may  cause  distress  in  half 
the  time  that  would  be  ordinarily  required.  Hence  the  necessity  of  going 
slowly.  Frequently,  in  rescue-work  one  or  more  members  of  the  squad  are 
affected  by  an  atmosphere  that  does  not  disturb  the  others.  Although  this 
effect  may  without  question  be  due  to  the  fact  that  some  persons  are  more 
susceptible  to  carbon-monoxide  poisoning  than  others,  yet  it  may  also  be 
due  to  the  fact  that  the  affected  men  have  been  doing  much  harder  work  in 
the  exploration  operations,  breathing  more  air,  and,  as  a  consequence,  their 
blood  has  been  absorbing  more  carbon  monoxide.  Also,  it  may  be  that  the 
men  affected  have  breathed  a  more  vitiated  atmosphere  than  the  other  men 
or  the  animals  used. 

Although  on  the  whole  different  mice  or  birds,  when  placed  in  an 
atmosphere  containing  a  given  proportion  of  carbon  monoxide,  evince 
distress  in  about  the  same  time,  yet  the  experiments  outlined  in  the  report 
show  that  once  in  a  while  an  animal  may  be  much  more  resistant  than  was 
expected.  This  is  more  true  of  mice  than  canaries,  yet  even  in  the  case  of 
canaries  at  least  three  should  be  taken  into  a  mine  with  a  party. 

Both  men  and  animals  can  breathe  without  discomfort  atmospheres  con- 
taining percentages  of  oxygen  below  that  in  which  an  oil-flame  goes  out 
(about  17  per  cent.).  In  fact,  the  oxygen  content  may  be  as  low  as  12  per 
cent,  before  affecting  either  men  or  animals,  at  least  in  a  comparatively  short 
time;  hence,  if  electric  lamps  are  at  hand,  no  alarm  need  be  felt  by  a  party 
if  oil-lamps  go  out,  so  long  as  the  animals  show  no  distress.  The  extinction 
of  the  flame  then  indicates  that  the  oxygen  content  is  low,  and  not  that  carbon 
monoxide  is  present. 

Upon  collapse,  canaries  or  mice  can  be  quickly  revived  if  removed  to 
fresh  air,  but  they  may  succumb  rather  quickly  if  not  soon  revived,  especially 
canaries.  Some  disadvantage  in  the  use  of  birds  lies  in  the  fact  that  their 
sudden  collapse  may  deprive  a  party  of  their  use.  In  such  a  case  the  members 
of  the  party  should  retrace  their  steps  to  pure  air. 

The  results  of  the  experiments  -how  that  in  tests  for  gas  in  mines, 
small  animals  may  be  used  repeatedly  without  danger  of  their  being  less 
susceptible  to  carbon-monoxide  poisoning  after  many  exposures  than  after 
the  first,  if  they  are  allowed  to  recover  between  exposures. 

Canaries  are  less  resistant  to  carbon-monoxide  poisoning  than  mice, 
chickens,  rabbits,  guinea-pigs,  or  dogs.  It  is  recommended  that  canaries  bs 
used  whenever  possible,  and  that  at  least  three  of  them  be  carried  by  an 
exploration    party. 

Man  may  display  distress  in  the  presence  of  proportions  of  carbon  mon- 
oxide as  small  as  010  per  cent,  whereas  small  animals  in  the  same  atmosphere 
Tnay  show  no  signs  of  being  affected  A.  P.  A.  S. 
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MECHANICAL  ENGINEERING. 

Experiments    with    Furnaces   for   a    Hand-fired    Return-tubular    Boiler. — 

By  Samuel  B.   Flagg,  George  C.   Cook,   and  Fokeest  E.   Woodman. 
Bur.  Mines,  1914,  Technical  Paper  No.  34,  pages  1-S2. 

The  tests  reported  in  this  paper  were  undertaken  for  the  purpose  of 
determining  the  effect  on  furnace  efficiency  and  on  smoke  emission  of  certain 
features  of  furnace  design  and  of  different  methods  of  operation.  The 
results  of  the  tests  show  that  it  is  possible  to  develop  furnaces  that  will, 
if  properly  handled,  meet  the  requirements  of  municipal  smoke  enactments. 
With  the  proof  of  this  possibility  will  come  further  improvement  in  all 
hand-fired  boiler  furnaces. 

The  furnace  used  in  the  tests  was  connected  with  a  small  horizontal 
return-tubular  boiler  having  rather  large  fire-tubes.  Six  series  of  tests  were 
made.  In  the  first  series  there  was  an  arch  over  the  grate  and  the  bridge 
wall ;  in  the  second  series  a  deflecting  baffle  was  added  back  of  this  arch ;  in 
the  third  series  there  was  no  arch  directly  over  the  grate,  but  the  part  over 
the  bridge-wall  and  the  deflecting  baffle  was  retained ;  in  the  fourth  and 
fifth  series  of  tests  there  were  mixing  wing-walls  and  heat-retaining  masses 
in  the  combustion-space  behind  the  bridge-wall;  and  in  the  sixth  series  a 
lengthened  passage  for  the  gases  through  the  boiler-tubes  was  provided. 
Certain  conclusions  drawn  from  the  results  of  the  tests  are  believed  to  apply 
to  the  settings  of  practically  all  hand-fired  boilers  of  the  return-tubular  type, 
when  fired  as  described  in  this  paper.     These  deductions  are  as  follows  :  — 

(1)  The  working  (at  rating)  of  hand-fired  boilers  of  this  type  in  most 
American  cities,  without  violation  of  their  smoke  ordinances,  is  physically 
possible,  and  with  j3roper  boiler-room  supervision  can  be  accomplished, 
although  it  requires  an  attention  to  firing  methods  not  given  by  the  average 
fireman. 

(2)  The  prevention  of  smoke  may  be  more  easily  accomjilished  when  the 
coking  method  of  firing  is  employed  than  when  the  spreading  method  is  used. 

(3)  The  use  of  supplementary  air  immediately  after  firing  tends  to 
increase  the  overall  efficiency  and  to  abate  smoke. 

(4)  A  brick  arch  directly  over  the  fire  and  underneath  the  boiler-shell 
results  in  lower  overall  efficiency  and  in  the  production  of  more  smoke.  The 
screening  of  heating-surface  in  the  combustion-chamber  from  direct  radiation 
from  the  brickwork  tends  to  lower  the  combined  efficiency. 

A.  P.  A.  S. 

On   Fiameless  Combustion. — By  — .   Feancke.     Zeitschr.  f.  Berg-,  Hiitt.-  ?/. 
SdLinenwes.,  1914,  vol.  lxii.,  pages  315-327. 

Referring  to  a  paper  on  "  Surface  Combustion  and  its  Application  in  the 
Industries,"  read  by  Prof.  \Y.  A.  Bone,  of  Leeds,  before  the  Royal  Institution 
of  Great  Britain  on  April  6th,  1911,  the  author  states  that  the  engineer 
Rudolf  Schnabel  had  experimented  contemporaneously  with  Prof.  Bone  in 
the  same  field  and  had  come  to  the  same  results  as  he.  Patents  taken  out 
on  both  sides  were  ultimately  thrown  together  and  a  community  of  interests 
was  established.  In  its  simplest  form,  the  invention  consists  in  the  forcing 
or  sucking  into  a  tube  of  pi'eviously  warmed  gaseous  or  gasefied  fuel  through 
a  fireproof  filling  of  small-grained  material  which  retards  its  passage  and 
raises  the  temperature  of  its  combustion.  The  combustion  is  found  to  take 
place   without    any   flame   behind  the   filling  over   a   length    of  tube  of  only 
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about  4  inches  <100  millimetres^  and  the  temperature  may   there  range  up 
to  about  2,000°  Cent.,  to  fall  again  rapidly  towards  the  outlet  end. 

The  high  intensity  of  temperature  has,  in  England  and  clsewheie,  been 
attributed  to  the  effects  of  catalytic  action,  but  the  author  of  the  paper  here 
abstracted  considers  this  explanation  to  have  been  entirely  disproved.  He 
holds  that  the  effects  produced  by  the  passage  through  the  filling  are  of 
an  entirely  mechanical  nature,  and  that  the  particles  of  gas  are  thereby 
separated  from  one  another  and  obtain  better  access  to  the  quantities  of  air 
required  to  heat  them.  An  example  given  of  the  application  of  the  system  to 
a  boiler  shows  furnace-tubes  of  small  diameter,  each  filled  fiom  end  to  end  of 
the  boiler,  except  for  a  sort  of  inlet-plug  of  about  4  inches  in  length,  with 
a  small  channel  through  its  centre  for  the  passage  of  the  gas.  The  gas-mixing 
chamber  from  which  the  tubes  lead  is  arranged  at  the  end  of  the  boiler,  and 
there  is  a  similar  chamber  at  the  opposite  end  with  an  off-take  pipe.  A 
heat-diagram  shows  a  culmination  at  about  8  inches  from  the  inlet  end,  and 
a  fall  to  about  an  eighth  of  this  at  the  outlet  end. 

Mention  is  made  of  a  boiler  belonging  to  the  Skinningrove  Company,  in 
"Yorkshire,  which,  working  with  coke-oven  gas,  gave  an  efficiency  of  from 
93  to  94  per  cent.,  less  3  per  cent,  for  the  suction-draught  ventilator,  this 
comparing  with  from  60  to  82  per  cent,  in  the  .old  gas-fired  boiler.  In  ether 
instances,  however,  the  efficiency  attained  has  not  been  so  high,  and  the 
author  expresses  doubts  whether  an  improvement  of  more  than  10  to  17 
per  cent,  will  be  obtained;  he  also  points  out  that  this  is  partly  balanced  by 
increased  cost  of  the  installation.  If  we  assume  a  recovery  of  bye-prcducts  to 
make  up  for  this  increased  cost  again,  the  advantage  of  the  new  system  mu5t 
still  appear  doubtful,  and  few  experimental  trials  have  as  yet  been  made 
with  it.  The  author  thinks  it  highly  desirable  that  Krupp  and  other  large 
firms  should  take  the  matter  up  and  try  to  develop  the  idea  still  further. 

A.  R.  L. 


ADMINISTRATION   AND   STATISTICS. 
Russia's    Gold,    Platinum,    Lead,    Silver,    and    Zinc    Industry    for    1912. — 

By  — .   Bartels.     Zeitschr.   f.   Berg-,   Htitt.-   it.   Salinenwes.,   1914,   vol. 
lxii.,  pages  217-221. 

Gold. — Russia's  gold-production  in  1912  was  the  fourth  largest  of  the 
world.  In  spite  of  Government  fostering,  its  increase  within  the  last  10 
years  has  not  exceeded  526,700  ounces  (1,000  poods).  The  progress  of  the 
industry  is  retarded  in  many  districts  by  the  absence  of  suitable  means  of 
transport.  In  Siberia,  an  additional  drawback  is  the  freezing  of  the  ground. 
la  1902,  the  production  was  1,238,800  ounces  (2,352  poods).  Since  then,  it 
has  undergone  fluctuations,  but  it  reached  1,880,000  ounces  (3,5694  poods)  in 
1912.  The  richest  district  is  that  of  Eastern  Siberia,  which  is  not  yet  com- 
pletely explored.  Occasional  finds  lead  to  the  belief  that  a  much  greater 
development  is  possible.  Difficulties  in  procuring  labour  have,  in  lecent  year3, 
caused  a  decline  in   the  production  here. 

Platinum. — Russia  produces  95  per  cent,  of  the  world's  supply  of  this 
metal,  the  yield  in  1912  being  198,560  ounces  (377  poods  9  pounds),  as  compared 
with  204,870  ounces  (3S9  poods)  in  1910.  The  mines,  which  principally  lie  ill 
the  Ural  Mountains,  are  mostly  in  the  hands  of  French  capitalists,  and 
about  73  per  cent,  of  the  whole  quantity  produced  goes  to  France. 
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Lead. — The  yield  of  lead  has  fallen,  despite  the  increase  in  the  Russian 
home  requirements.  Four-fifths  of  the  whole  production  of  1912,  of  about 
1902A  (118,000  poods),  was  obtained  from  the  Alagir  Works,  near  Vladikavkaz. 
The  same  works  took  a  large  part  in  the  production  of  silver,  which  increased 
from  nearly  474,000  ounces  (900  poods)  in  1911  to  579,370  ounces  (1,100  poods) 
in  1912. 

Zinc. — Zinc-ores  were  won  to  the  amount  of  25,393  tons  (1,575,000  poods ) 
near  the  Prussian  frontier,  this  being  more  than  two-thirds  of  the  whole. 
Poland  produced  11,524  tons  (714,800  poods),  and  18,815  tons  (1,167,000  poods) 
were  imported  in  1912.  The  production  is  impeded  by  difficiilties  in  working 
and  of  transport.  A.  R.  L. 
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APPENDIX. 


NOTES  OF  PAPERS  ON  THE  WORKING  OF  MINES,  METALLURGY, 
ETC.,  FROM  THE  TRANSACTIONS  OF  COLONIAL  AND  FOREIGN 
SOCIETIES  AND  COLONIAL  AND  FOREIGN  PUBLICATIONS. 


The   following   contractions   are   used   in   the   titles   of   the   publications 
abstracted  :  — 

Ann.  Mines  Belgique.    Annates  des  Mines  d<>  Belgique,  Brussels. 
Ann  Mines  Paris.    Annales  des  Mines,  Paris. 
Berg-  u.  Hiitt.   Ilunds.     Berg-  und  Huttenmannische  Rundschau,  Kattowitz, 

Upper  Silesia. 
Bur.  Mines.     Bureau  of  Mines,  Washington,  U.S.A. 
Der  Bergbau.     Der  Bergbau,  Gelsenkirchen. 
Gliickauf.     Gliickauf,  Essen. 

Montanist.  Runds.    Montanistische  Rundschau,  Berlin  and  Vienna. 
(Esterr.   Zeitschr.  f.   Berg-   u.   Hiittettwes.        OEsterreichische   Zeitschrift  fur 

Berg-  und  Hiittenwesen,  Vienna. 
Stahl  u.  Eisen.     Stahl  und  Eisen,  Diisseldorf. 
Trans.   Amer.   Inst.   Min.   Eng.     Transactions   of  the   American  Institute   of 

Mining  Engineers,  New  York,  U.S.A. 
Trans.    Can.    Min.    Inst.      Transactions    of   the   Canadian   Mining   Institute, 

Ottawa. 
Trans.  Min.  &  Geol.  Inst.  India.     Transactions  of  the  Mining  and  Geological 

Institute  of  India,   Calcutta. 
Zeitschr.  f.  Berg-,  Hiitt.-  u.  Salinenwes.     Zeitschrift  fur  das  Berg-,  Hiitten- 

und  Salinenwesen  im  preussischen  Staate,  Berlin. 
Zeitschr.  des  Oberschl.  Berg-  u.  Hiitt.  Ver.     Zeitschrift  des  Oberschlesischen 

Berg-  und  Hiittenmannischen  Vereins,  Kattowitz,  Upper  Silesia. 
Zeitschr.  f.  prakt.   Geologic     Zeitschrift  fur  praktische  Geologie,  Berlin. 


GEOLOGY,  MINERAL  DEPOSITS,  ETC. 

Influence   of    Underground    Workings   on   the   Surface. — By  A.   Eckardt. 
Gliickauf,  1914,  vol.  1.,  pages  449-457  and  485-490. 

The  author  examines  a  number  of  theories  as  to  the  causes  and  manner 
of  occurrence  of  subsidences  brought  about  by  underground  workings,  and 
finds  that  there  is  no  sudden  break  extending  through  all  the  strata  up  to 
the  surface,  but  that  the  effects  are  of  a  complex  nature,  and  show  themselves 
gradually.  He  maintains  that  it  is  seldom  possible  to  trace  the  connexion 
between  a  subsidence  and  any  one  particular  removal  of  material  below. 
Experiments  made  with  models  of  the  strata  were  found  to  confirm  this 
opinion.  A.R.L. 

VOL.  LXV.— 19U.1916.  B 
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Troubles  in  Mineral  Deposits,  in  particular  in  Ore-lodes. — By  G.  Kohleb. 
Gluckauf,  1914,  vol.  1.,  pages  1027-1030. 
The  author  pleads  for  the  systematic  study  of  troubles  and  for  a  nomen- 
clature of  them  which  shall  relate  to  their  causes  instead  of  to  their  appear- 
ance. Only  in  this  manner,  he  maintains,  can  they  be  intelligently  followed 
up   and   opinions   be  formed    as  to   the   further  run   of  the   disturbed   lodes. 

A.R.L. 


Mining  in  Argentina. — By  Che  Geotewold.  Gluckauf,  1914,  vol.  1.,  pages 
49-57  and  85-88. 
The  author  discusses  the  general  conditions  of  mining  iu  Argentina,  and 
observes  that  the  development  of  the  mines  on  any  considerable  scale  will 
depend  on  that  of  the  railways.  He  points  out  that  large  tracts  of  the 
country  are  not  yet  even  geographically  explored,  let  alone  geologically. 
The  district  richest  in  the  heavy  metals  is  the  territory  of  the  Andes  towards 
the  Chilian  border.  Although  the  mines  in  this  district  have  great  transport 
difficulties  with  which  to  contend,  some  of  them  are  well  appointed,  and  have 
given  proof  that  operations  on  a  considerable  scale  are  possible  there.  Fur- 
ther eastward,  in  the  Province  of  Catamarca,  better  results  have,  since  1853, 
been  obtained,  the  minerals  won  being  chiefly  copper  and  silver.  The  prin- 
cipal mining  district  is  in  the  province  of  La  Rioja.  The  workings  are  in 
the  lofty  Sierra  de  Famatina.  Gold,  silver,  and  copper  are  found  separately 
and  conjointly,  as  well  as  lead,  cobalt,  and  a  number  of  other  metals.  Copjier 
takes  the  first  place.  The  transport  is  effected  in  part  by  means  of  an  aerial 
railway  between  Chelecito  and  La  Mejicana  and  by  the  North-Western 
Railway,  the  extension  of  which  into  Chile  is  in  contemjjlation.  In  several 
other  districts  mining  operations  have  more  or  less  been  carried  on.  Salt 
lakes  and  salt-deposits  occur  in  the  Atacama  Plateau  and  elsewhere,  but  the 
expense  of  the  transport  of  the  material  prevents  its  being  brought  to  the 
coast.  On  the  Puna  Plateau  sodium  salts  of  various  kinds  exude  from  the 
earth.  Petroleum  is  found  in  many  districts,  and  the  results  of  borings 
near  the  port  of  Comodoro  Rivadavia  in  the  Chubut  Territory  have  caused 
some  sensation.  A.R.L. 


Working:  of  the  Kiadno  Coalfields. — By  G.  Wtjndeelich.     CEsterr.  Zeitschr. 
f.  Berg-  u.  Eilttenwes.,  1914,  vol.,  lxii.,  pages  267  and  285-288. 

These  coalfields,  which  are  among  the  most  productive  in  Austria,  lie  to 
the  north  of  Prague.  They  contain,  besides  other  seams,  six  main  seams 
from  26  to  40  feet  thick.  The  best  coal  is  nearest  the  surface,  and  it  be- 
comes poorer  as  the  workings  are  pushed  deeper.  The  coal  is  brittle,  slightly 
caking,  and  the  levels  are  almost  wholly  free  from  mine  gas.  This  is 
attributed  to  the  porous  nature  of  the  overlying  strata,  which  consist  of 
sandstone  and  conglomerate,  and  to  the  many  faults  and  dislocations  running 
through  the  seams.  The  coal,  however,  easily  ignites  spontaneously,  a 
trouble  which  is  especially  obvious  in  the  pillars,  and  is  increased  by  bad 
ventilation.  The  roof  of  the  seams  is  of  firm  fine-grained  micaceous  clay- 
slate,  and  so  long  as  this  is  dry  there  is  no  danger.  If  it  becomes  damp,  the 
soft  floor  swells,  "creep"  begins,  and  the  levels  are  ultimately  broken  up. 
When  the  floor  is  thus  forced  up,  the  danger  of  spontaneous  ignition  Is 
much   increased. 
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Originally  these  mines  were  worked  on  the  pillar-and-stall  system,  and 
work  was  begun  in  various  parts  at  the  same  time.  Levels,  at  first  in  parallel 
sets,  afterwards  Bingly,  were  driven  from  the  main  field,  and  these  were 
divided  up  by  roadways,  leaving  pillars  65  feet  thick,  The  levels  were  490 
to  650  feet  in  length,  and  the  coal  was  got  at  firsl  by  two  hewers  and  one 
"  hnrrier  "  at  the  rate  of  36  to  48  tons  per  8-hour  shift.  Difficulties  arose  as 
soon  as  "robbing  "  the  pillars  began,  and  from  25  to  30  per  cent,  of  the 
coal  was  lost  by   falls.       There  were  also  frequent   gob-fires. 

After  various  attempts  to  overcome  these  difficulties,  it  was  decided  to 
abandon  this  method,  and  to  worn  the  coal  on  the  longwall  system.  Smaller 
levels  from  130  to  260  feet  long  were  driven  up  to  the  boundary,  and  the 
undercut  kept  as  small  as  possible.  As  now  worked,  the  roof  is  carefully 
taken  up  to  the  goaf,  and  supported  temporarily  by  props.  These  are  suc- 
cessively removed,  and  the  roof  allowed  to  fall  in,  but  not  until  the  whole  of 
the  coal  has  been  got  out.  Premature  falls  of  the  roof  and  waste  of  coal 
are  thus  prevented.  The  work  is  slower  than  before,  but  more  steady;  there 
are  much  fewer  fires,  and  ventilation  has  been  greatly  improved.  The  out- 
put is  from  4  to  7  tons  of  coal  per  square  yard  (45  to  65  quintals  per  square 
metre).  Unfortunately,  a  good  and  cheap  material  for  the  packing  is  not 
easily  available.  The  working  method  varies  somewhat  in  accordance  with 
the  quality  of  the  coal  and  its  inflammability,  but  the  main  principle  now 
steadily  adhered  to  is  that  all  the  coal  is  got  out  at  once,  and  none  left  for 
future  removal,  as  was   formerly  done.  E.M.D. 

Brown-coal  Fields  of  North-Western  Bohemia. — By  A.  Frieser.  (Esterr. 
Zeitschr.  f.  Berg-  u.  Huttenwes.,  1914.,  vol.  lxii.,  pages  225-229  and 
239-242. 

This  coalfield  is  situated  in  a  depression  north  of  Karlsbad,  south  of  the 
Erzgebirge,  and  lies  from  1,570  to  1,600  feet  above  sea-level.  The  geological 
formation  is  known  as  the  "Hercynian."  The  whole  field  is  about  19  miles 
long,  and  5J  miles  across  at  its  greatest  width.  Above  it  is  a  strata  of 
sandstone,  and  below  is  a  formation  of  clay-slate,  neither  being  coal-bearing. 
The  coal  is  in  three  seams.  The  lowest  is  23  feet  thick,  and  has  a  heating 
value  of  7,200  British  thermal  units  per  pound.  It  is  dark  brown  in  colour, 
is  streaked  in  parts  with  .seams  of  bright  gaseous  coal,  of  higher  heating 
value,  and  contains  much  pyrites.  Above  this  is  a  seam  from  100  to  160 
feet  thick,  of  poor  coal,  with  the  same  high  proportion  of  pyrites,  for  which 
alone  it  was  formerly  worked.  The  richest  seam,  which  is  highly  gaseous, 
lies  above  this;  it  is  from  16  to  32  feet  thick,  and  has  a  heating  value  of 
9,000  to  14,000  British  thermal  units.  The  woody  structure  of  the  coal  can 
often  be  detected.  The  whole  district  bears  evidence  of  continuous,  though 
feeble,  volcanic  action,  and  the  coalfield  is  even  now  subjected  to  consider- 
able pressure.  E.M.D. 

Coalfields  of  Manitoba,  Saskatchewan,  Alberta,  and  Eastern  British 
Columbia. — By  D.  B.  Dowlixg.  Memoir  No.  53,  Department  of 
Mines  (Geological  Survey),  Canada,  1914,  pages  1-142. 

This  report  is  intended  as  a  concise  statement  of  the  area  and  probable 
contents  of  the  various  coalfields  of  the  middle  portion  of  Canada. 

In  Manitoba,  the  coal-bearing  rocks  occupy  a  small  area  in  the  southern 
part,  underlying  an  elevated  portion  called  "Turtle  Mountain."    Thin  seams 
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crop  out  around  the  base  of  this  hill,  and  it  is  probable  that  others  may  be 
found  higher  up  its  slopes.  According  to  present  knowledge,  an  area  of 
about  48  square  miles  near  the  western  end  of  this  hill  can  be  defined  as 
being  available  for  mining. 

The  Saskatchewan  areas  lie  principally  in  the  southern  part,  and  are 
being  mined  on  the  Souris  River.  The  elevation  known  as  the  "  Coteau  "  is 
also  composed  of  coal-bearing  rocks,  which  continue  westwards  in  the  Wood 
Mountains  and  Cypress  Hills.  This  area,  although  not  well  prospected, 
contains  possibly  4,000  square  miles  within  which  coal  may  be  found.  Between 
the  two  branches  of  the  Saskatchewan  River  there  is  an  area  of  possible  coal- 
bearing  rocks;  but  the  horizons  having  good  workable  seams  farther  west 
appear  in  this  area  to  be  rather  poorly  supplied,  so  that  the  value  of  this 
district  as  a  coalfield  is  problematical. 

The  Province  of  Alberta  is  liberally  supplied  with  coal  areas.  The 
western  border  of  the  southern  part  of  the  Province  consists  of  several 
ranges  of  mountains,  built  up  generally  of  rocks  which  were,  originally,  the 
floor  on  which  the  stratified  formations  were  laid  down.  As  the  elevation  of 
the  coal  formations  subjected  them  to  greater  denudation  than  the  harder 
rocks  beneath,  little  of  this  material  is  left;  but  in  the  wider  valleys 
remnants  are  still  found.  These,  from  the  superior  quality  and  amount  of 
coal  that  they  yield,  form  very  valuable  coalfields.  The  foothill  belt,  although 
not  well  prospected,  will  contain  many  valuable  areas  in  which  a  softer 
grade  of  coal  may  be  found. 

East  of  the  foothill  area,  lies  a  great  extent  of  coal-bearing  rocks  which 
are  comparatively  undisturbed.  The  coal  in  this  region  is  well  suited  for 
domestic  use;  and  as  it  is  within  the  settlement  belt,  where  wood  is  scarce, 
a  demand  for  it  is  assured.  As  these  areas  are  delineated  on  the  map 
accompanying  the  report  as  being  occupied  by  the  Edmonton  formation,  the 
coals  may  be  designated  as  the  "  Edmonton  coals."  They  extend  north  from 
near  the  International  Boundary  to  near  the  Peace  River,  underlying  an 
area  of  at  least  52,000  square  miles,  of  which  24,000  are  considered  as  avail- 
able for  mining. 

Another  coal  formation,  the  Belly  River  formation,  occupies  the  south- 
eastern border  of  the  Province,  with  an  area  of  11,568  square  miles;  the 
seams  in  this  are  of  more  value  in  the  southern  portion  than  farther  north  or 
east.    The  principal  mines  of  this  area  are  to  be  foimd  near  Lethbridge. 

The  eastern  British  Columbia  areas  are  discussed,  principally  because 
their  structure  is  intimately  related  to  that  of  the  Alberta  areas  within  the 
mountains.  The  valley  of  the  Elk  River,  which  heads  near  the  source  of  the 
Kananaskik,  and  occupies  the  same  valley  as  the  upper  part  of  the  latter 
stream,  has  exposures  of  coal-bearing  rocks  of  the  same  horizon  as  those  that 
are  being  mined  in  Alberta,  at  Canmore,  Bankhead,  Blairmore,  and  Coleman. 

The  report  contains  estimates  of  the  coal  contents  and  the  coal  production 
of  the  various  areas,  discusses  the  general  and  economic  geology  of  the 
Provinces,  and  gives  tables  of  analvses  of  the  different  coals. 

A.P.A.S. 

Spitsbergen    Coalfields. — By  R.    Bere.     Ann   Mines  Paris,  1914,  series  11, 

vol.  v.j  pages  125-197. 

The  Spitsbergen  Archipelago,  which  comprizes  the  three  principal  islands 

of  West  Spitsbergen,  Edge  Island,  and  North-East  Land,  belongs  to  no  one. 

The  Gulf  Stream  keeps  it  less  cold  than  other  Polar  countries,  the  mercury 
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in  the  thermometer  seldom  freezing.  The  temperature  of  the  sea  often 
reaches  41°  Fahr.  (5°  Cent.)  In  1905,  an  Anglo-Norwegian  company  began 
to  work  coal  on  it.  Russia,  Norway,  and  Sweden  signed  a  convention  in 
1912,  relating  to  a  joint  administration  of  the  islands,  which,  however,  seems 
likely  to  remain  a  dead  letter.  West  Spitsbergen,  the  largest  island,  is  much 
indented  by  fjords,  of  which  Ice  Fjord  oil  the  west  is  the  best  known.  Good 
coal,  giving  a  good  deal  of  smoke  but  not  much  ash.  is  found  in  seams  3 
to  -1  feet  thick  in  all  the  islands.  It  is  in  many  places  easy  of  access,  and  its 
successful  working  depends  on  the  transportation  and  loading  facilities. 
The  output  of  the  year  has  to  be  loaded  and  despatched  within  about  two 
months.  Of  the  companies  now  at  work,  the  Arctic  Coal  Company  has  its 
seat  at  Tromso,  and  is  financed  by  Americans.  Its  workings  are  at  Advent 
Bay  in  Ice  Fjord.  The  seam,  about  3i  to  4  feet  (11  to  12  metres) 
thick,  yields  good  coal,  which,  however,  will  not  coke.  Of  the  230  million 
tons  or  so  of  coal  in  the  field  of  operations,  about  200  million  tons  can  be 
economically  won.  The  seam  is  some  330  to  660  feet  (100  to  200  metres) 
below  the  surface;  the  temperature  in  it  ranges  from  26'6°  to  24'8°  Fahr. 
(-3°  to  -4°  Cent.)  in  summer,  and  may  go  down  to  17'6°  Fahr.  (-8°  Cent.) 
in  winter.  At  bank,  the  temperature  may  range  from  — 166°  to  —40°  Fahr. 
(-27°  to  -40°  Cent.).  The  average  output  in  1912  was  100  tons  per  day.  The 
installation  cost  about  £118,000  (3,000,000  francs).  The  Spitsbergen  Coal  & 
Trading  Company  (an  English  undertaking  with  its  seat  in  Sheffield)  had  a 
claim  on  the  north-eastern  side  of  Advent  Bay  from  1905  to  1908,  when  it 
gave  up  work  again,  on  account  of  difficulties  with  workmen  and  unsuita- 
bility  of  plant.  One  other  British  company  and  one  othei  American  company 
are  prospecting,  and  have  secured  claims  on  the  main  island.  The  Swedes 
have  established  claims  at  Braganza  Bay  on  the  south-eastern  side  of  the  main 
island,  on  Biiusow  Land,  and  at  Mount  Pyramid,  both  on  Ice  Fjord,  at 
Erdmann  Tundra,  near  the  mouth  of  the  latter,  and  on  the  north-eastern 
side  of  Advent  Bay.  Four  Norwegian  companies  have  jointly  taken  up  a 
large  tract  to  the  south  of  Green  Harbour  on  the  main  island,  and  a  number 
of  research  expeditions  have  been  instituted  by  the  Norwegian  Government. 
Since  1912  the  Russians  also  have  turned  their  attention  to  the  islands,  and 
they  are  expected  to  take  up  claims — perhaps  at  Green  Harbour. 

The  author  speculates  as  to  whether  coal  companies  established  on 
broader  bases  than  hitherto  may  not  prove  dangerous  competitors  of  Great 
Britain   and  Germany.  A.R.L. 


Contribution   to   our    Knowledge   of   Fossil    Coals. — By   K.   A.    Weithofee. 
Zeitschr.  f.  prakt.   Geologie,  1914,  vol.   xxii.,  pages  249-262. 

The  writer  controverts  the  ideas  of  Heir  E.  Doiiath  and  others,  that 
marked  differences  between  coal  and  lignite  may  be  established  by  methods 
of  chemical  analysis.  He  sets  forth  that  coal  in  its  various  forms  is  the 
outcome  of  vegetable  growths,  which,  in  the  different  stages  of  the  history 
of  the  earth,  have  gradually  been  evolved,  the  one  from  the  other,  in  a 
manner  similar  to  the  evolution  which  is  assumed  to  have  taken  place  among 
animals.  He  considers  that  different  coals  may  also  have  been  more  or  le38 
affected  by  time,  so  that  younger  formations  have  gradually  changed  some 
of  their  characteristics  as  they  have  grown  older,  but  that  such  changes  can- 
not have  been  of  a  radical  nature.  A.R.L. 
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Character  of  the  Lean-coal  Seams  at  the  Eastern  Edge  of  the  Witten 
Trough  at  the  Konigsborn  III.  IV.  Pit. — By  H.  Wisselmanx.  Gliickauf, 
1914,  vol.  1.,  pages  536-544  and  576-581. 

The  author  compares  the  stratification  at  the  above  colliery  with  that 
of  the  field  in  general,  and  finds  that,  while  great  general  similarity  exists, 
the  seams  become  thinner  towards  the  edge  of  the  trough,  and  contain  less 
gas.  A.R.L. 


Contribution  to  the  Knowledge  of  some  of  the  Coals  of  the  Cretaceous 
Formation. — By  E.  Donath  and  A.  Rzehak.  Zeitschr.  f.  prakt.  Geo- 
logic, 1914,  vol.  xxii.,  pages  1-12. 

The  opinion  having  been  advanced  in  some  quarters  that  lignite  is 
merely  a  younger  form  of  coal,  and  occurs  only  in  the  less  ancient  strata, 
the  authors  have  collected  evidence  on  this  point  which,  in  their  opinion,  goes 
to  show  that,  despite  the  fact  that  the  flora  of  the  Lower  and  Upper  Creta- 
ceous  formations  are  widely  different,  geological  age  cannot  be  the  deciding 
factor  in  the  composition  and  character  of  these  materials.  The  authors 
point  out  that  lignites  are  occasionally  found  in  the  older  and  coals  in  the 
younger  formations.  Coals  and  lignites  are  met  with  in  all  stages  of  develop- 
ment, and  it  is  impossible  to  say  where  the  one  ends  and  the  other  begins. 
The  chemical  analyses  of  the  two  substances  are  stated  to  present  marked 
differences,  and  the  opinion  is  advanced  that  chemical  examination  affords 
much  the  best  criterion  of  their  respective  characters.  In  some  of  the  points 
touched  on  in  the  article  the  authors  are  not  quite  in  agreement  with  each 
other,  and  further  inve-tifj-ition  is  promised.  A.B.L. 


Occurrence  of  Cinnabar  at  Pereta,  Tuscany. — By  K.  Ermisch.     Zeitschr. 
f.  prakt.  Geologie,  1914,  vol.  xxii.,  pages  18-21. 

Cerrato  Piano,  the  place  where  cinnabar  has,  since  1904,  been  worked, 
lies  in  the  Tuscan  province  of  Grosseto,  on  a  plateau  surrounded  by  hills  of 
different  geological  ages.  The  surface  of  the  plateau  is  alluvial  Pliocene 
sand.  In  it  are  found  rounded  lumps  of  cinnabar  and  quartz  of  about  the 
size  of  one's  fist,  the  largest  weighing  about  11  to  13  pounds  (5  to  6  kilo- 
grammes). One  small  area  wa,s  found,  in  which  such  lumps  and  also  minute 
particles  of  the  material  were  very  thickly  strewn.  At  Le  Zolfiere,  a  place 
nearly  1£  miles  (2  kilometres)  to  the  north  of  Cerrato  Piano,  a  quartz- 
antimony  layer  occurs,  which  also  contains  some  cinnabar.  Under  the 
alluvial  ground  is  an  oreless  layer  of  Pliocene  clay.  Then  come  successively 
Pliocene  sand,  glauconitic  sandstone,  a  thin  strip  of  clay  very  rich  in  cinna- 
bar, a  band  of  Eocene  limestone,  and  Eocene  clay-slate  and  limestone.  The 
circumstances  of  the  occurrence  of  cinnabar  in  the  Cerrato  Piano  workings 
lead  to  the  belief  that  it  has  welled  up  in  solution  from  a  lower  level,  and  it 
i-  strongly  suspected  that  further  researches  will  show  the  very  broken  layer 
of  Eocene  limestone  to  run  into  the  ore-bearing  quartz-antimony  deposit  of  Le 
Zolfiere.  It  is  expected  that  further  operations  will  lead  to  the  discovery  of 
a  vein  of  cinnabar  in  the  Eocene  clay-slates  and  limestones  above  mentioned. 

A.E.L. 
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Contributions  to  our  Knowledge  of  the  Lower  Silesian  Occurrences  of 
Gold. — By  H.  Quiring.  Zeitschr.  f.  prakt.  Geologic,  1914,  vol.  xxii., 
pages  213-222. 

The  writer  has  endeavoured,  by  the  study  of  old  chronicles  and  writings, 
and  by  persona]  examination  of  the  remains  of  old  workings,  to  form  an 
idea  of  the  extent  and  importance  of  these  occurrences  in  the  thirteenth  and 
fourteenth  centuries,  and  t<>  estimate  the  chances  of  a  profitable  reopening 
of  the  mines.  The  main  groups  of  these  latter  are  in  the  vicinity  of 
Lowenberg,  Goldberg,  and  Nicolstadt  respectively.  Attempts  which  were 
made  at  different  times  in  later  years  to  resume  mining  operations  were 
successively   abandoned   as   unprofitable. 

The  gold  occurs  in  a  bed  of  sand  from  ID  to  80  inches  (1  to  -  metres) 
thick,  which  in  some  place-  crops  out  at  the  surface,  but  is  for  the  most  part 
overlain  by  drift  marls  and  sand8.  The  auriferous  sand  contains  lumps  of 
quartz  and  gold  in  the  form  of  grains  of  the  size  of  peas,  as  well  as  in 
those  of  little  leaf-like  and  scale-like  particles.  Small  grains  of  magnetic 
and  titanic  ore  and  tiny  precious  stones  are  also  present  in  it. 

In  regard  to  the  question  whether,  with  modern  appliances,  the  gold- 
mining  industry  could  profitably  be  resumed,  the  author  considers  that  the 
percentage  of  above  O'OOOl  (1  gramme  per  ton)  found  in  the  still  remaining 
auriferous  sand,  although  it  might  suffice  for  day-workings,  would  not  repay 
the  cost  of  the  underground  mining  operations  that  its  winning  would  entail. 

A.R.L. 

Origin  of  Oolitic  Iron-ore. — By  A.  Battcke.  CEsterr.  Zeitschr.  /.  Berg-  u. 
Huttenwes.,  1914,  vol.  lxii.,  pages  297-299. 

This  ore  occurs  in  Bohemia  in  seams  nearly  10  feet  thick,  and  is  both 
of  Palaeozoic  and  of  Mesozoic  formation.  It  appears  in  masses,  with  a 
central  core.  In  this  district  the  ore  seems  to  have  been  successively  ex- 
posed to  the  action  of  waves,  to  crystallization,  and  to  dynamic  pressure. 
There  are  both  red  and  black  varieties,  but  neither  contains  any  fossils.  Much 
quartz  is  interspersed  with  it,  which  has  apparently  taken  the  place  of  sider- 
ite,  and  has  been  formed  at  a  later  period.  The  writer  considers  that  these 
oolitic  ores  originated  as  carbonate  of  lime  containing  iron,  first  as  siderite, 
then  as  silicate  of  iron,  and  finally,  by  decomposition,  oxide  of  iron  and  red 
haematite.  E.M.D. 

iron-ores  of  Norway. — By  G.  Nicolai.  Zeitschr.  j.  prakt.  Geologie,  1914, 
vol.  xxii.,  pages  49-83. 

Referring  to  a  forecast  made  at  the  Xllth  Internationa]  Geological  Con- 
gress in  Stockholm  in  1910,  that  the  world's  stores  of  iron-ore  would  last  for 
200  years,  the  writer  points  out  that  very  many  of  the  best  deposits  are 
exhausted,  and  that  a  large  proportion  of  the  rest  are  only  now  becoming 
workable  as  a  result  of  the  application  of  more  modern  methods  of  mining 
and  smelting.  He  states  that  there  are  very  many  of  these  less  favourably 
circumstanced  mines  in  Norway,  and  discusses  the  economic  conditions 
attaching  to  most  of  the  more  important  <>f  them.  He  estimates  that  there 
are  still  obtainable  about  100,000,000  tons  of  ore,  giving  an  average  of  about 
34  percent.,  and  about  1,000,000  tons  that   mighl    yield  about  50  per  cent. 

A.R.L. 

VOL    T.XV.— 1914-1913. 
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Iror.-ore  Deposits  in  Upper  Hesse:  the  Present  Workings  and  their 
Future  Importance. — By  C.  Kobrich.  Staid  u.  Eisen,  1914,  vol.  xxxiv., 
pages  393-399  and  445-419. 

The  general  conclusions  come  to  by  the  writer  are  that  Upper  Hesse 
contains  deposits  of  iron-ore  that  are  worth  working.  Those  that  occur  in 
the  Devonian  strata  contain  manganese,  while  those  in  the  Vogelsberg  are 
poor  in  manganese  and  phosphorus.  Both  classes  of  iron-ore  are  associ- 
ated with  fractures  and  disturbances  running  south-west  to  north-east, 
south-east  to  north-west,  and  south  to  north  respectively.  The  workable- 
ore  district  of  the  Vogelsberg  has  been  extended  by  the  introduction  of 
modern  methods  of  separation  and  working.  The  successful  development  of 
a  mining  industry  here  will  depend  on  the  favourable  or  unfavourable  adjust- 
ment of  the  railway  rates,  but  the  output  will  never  be  such  as  to  affect 
materially  the  German  iron-ore  market.  A.B.L. 

Ore-deposits  on  the  Monzoni  Hills. — By  E.  Kittl.  CEsterr.  Zeitschr.  f. 
Berg-  u.  Huttenwes.,  1911,  vol.  lxii.,  pages  57  and  77-80. 

These  pyritic  deposits  are  found  above  Allochet,  near  the  Fassa  Valley, 
in  the  Dolomite  region  of  the  Tyrol.  The  ore  is  a  mixture  of  brown  iron-ore 
and  iron  and  magnetic  pyrites,  and  occurs  at  the  contact  of  eruptive  rocks 
with  au  older  Triassic  formation.  The  outcrop  is  about  130  feet  long,  and  con- 
tains a  valuable  percentage  of  copper.  This  is  found  only  in  the  magnetic, 
and  not  in  the  ordinary  pyrites,  hence  the  writer  concludes  that  the  two 
formations  were  separately  deposited,  and  controverts  the  opinion  of  some 
writers  that  it  is  possible  for  magnetic  pyrites,  by  solution,  to  pass  over  into 
pure  or  iron  pyrites.  He  considers  that  two  distinct  groups  were  laid  down 
at  different  times,  and  under  different  temperatures,  the  one  consisting  of 
magnetic  pyrites  with  copper  nodules,  the  other  of  pure  iron  pyrites. 

E.M.D. 

Iron-ores  of  Southern  Russia. — By  B.  Summersbach.  CEsterr.  Zeitschr.  f. 
Berg-  u.   Huttenwes.,  1914,  vol.  lxii.,  pages  253,  272,  288,  and  303-305. 

There  is  at  jiresent  no  separate  mining  industry  in  Southern  Russia,  the 
iron-ore  being  worked  solely  to  supply  the  foundries.  The  two  chief  mineral 
districts  are  that  of  Ekaterinoslav,  and  the  more  important  ironstone  deposits 
of  Krivoi-Rog  on  the  borders  of  the  Chersonese.  The  latter  have  only  been 
worked  for  the  last  thirty  years.  The  country  possesses  enormous  forests, 
which  supply  wood  for  smelting,  but  the  whole  district  forms  part  of  the 
vast  steppes  of  Southern  Russia,  and  is  almost  inaccessible.  The  deposits  of 
Krivoi-Rog  are  34  miles  in  length.  There  are  three  seams,  varying  in 
thickness  from  65  to  400  feet ;  the  middle  seam  is  the  most  valuable.  The 
ore  consists  of  red  haematite  and  magnetite,  in  proportions  varying  from  35 
to  65  and  70  per  cent.  The  depth  of  the  superincumbent  strata  being 
nowhere  more  than  52  feet,  the  ore  is  worked  from  the  surface,  chiefly  by 
blasting;  45  per  cent,  of  fluxes  (limestone,  limonite,  and  manganese  ore)  are 
required  to  extract  it ;    and  these  are  brought  from  the  Ural  Mountains. 

The  difficulties  of  working  are  the  lack  of  water,  of  railway  communi- 
cations, and  the  opposition  of  the  ground  landlords.  The  scarcity  of  water 
is  the  most  serious.  The  nearest  coalfields  are  340  miles  distant,  and  it  is 
not  only  impossible  to  convey  the  coal  by  water,  but  in  seasons  of  drought 
there  is  not  sufficient  water  to  supply  the  railways,  which  are  the  only  means 
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of  transport.  In  one  district  water  tan  only  lx'  obtained  by  damming  up  a 
small  river.    The  ground  Landlord  in  Southern   Russia   is  supreme,  and  th< 

granting  of  concessions  is  a  difficult  and  very  costly  business.  Notwith- 
standing these  obstacles,  the  total  quantity  of  iron-ore  worked  here  in  3912 
was  nearly  5,000,000  tons.  There  were  fifty-two  ironworks  employing  19,000 
men.  a-  against  14,000  in  1911;  24  per  cent,  more  iron-ore  was  used  in  Russia, 
and  32  per  cent,  less  exported.  E.M.D. 


Origin  of   Petroleum. — By    Dr.   Hans  von   Hofek.      Trans.    Amcr.    Inst,   Mill. 
Eng.,   lint.   vol.  xlviii.,  pages  -181-492. 

The  author  discusses  in  detail  the  claims  put  forward  in  support  both  of 
the  organic  and  of  the  inorganic  origin  of  petroleum,  and  is  of  opinion 
that  the  weight  of  evidence  is  in  favour  of  the  former  theory.  He  points 
out  that  it  has  been  demonstrated  that  fish-oil,  fishes,  and  mussels,  on  being 
heated  in  retorts  under  a  pressure  of  10  atmosjdieres  to  a  temperature  of 
from  300°  to  400°  Cent.,  produce  a  substance  very  like  petroleum,  from  which 
several  members  of  the  methane  series  can  be  isolated.  Further  investiga- 
tions have  shown  that  vegetable  fats,  by  dry  distillation  under  high  pres- 
sure, and  at  comparatively  low  temperatures,  can  be  transformed  into 
petroleum.  Those  plants,  therefore,  which  like  animals  contain  fats  and 
albumen,  but  no  cellulose,  can  be  included  amongst  those  from  which  petro- 
leum has  been  produced. 

The  author  sums  up  by  stating  that,  according  to  present  knowledge,  the 
original  material  of  petroleum  is  principally  fat,  and  subordiuately  wax, 
resin,  and  albumen.  These  substances,  especially  fat  and  albumen,  occur 
chiefly  in  both  the  lower  and  the  higher  animal  organisms.  Petroleum,  there- 
fore, is  mainly  of  animal  origin,  although  it  may  have  been  formed  occasion- 
ally from  fatty  plants,  particularly  diatoms. 

The  author  examines  in  great  detail  the  hypothesis  of  the  volcanic  origin 
of  petroleum  so  zealously  advocated  by  Eugene  Coste  of  Toronto,  and  com- 
bats that  gentleman's  statements  seriatim.  He  points  out  that,  as  a  logical 
consequence  of  Mr.  Coste's  views,  deposits  of  petroleum  should  always  be 
found  in  the  vicinity  of  volcanic  eruptions,  but  that  this  is  not  the  fact,  [n 
the  Carpathians,  the  "  outer  bend,"  through  Galicia,  the  Bukovina,  and 
Rumania,  is  free  from  eruptives  and  rich  in  oil,  while  the  "inner  bend"  is 
rich  in  eruptives  and  poor  in  oil.  At  Baku,  in  Alsace,  and  in  North  Germany, 
as  in  Canada,  New  York,  Pennsylvania,  Ohio,  West  Virginia,  Louisiana, 
Texa>,  .te.,  there  are  no  eruptives  near  the  rich  oil-deposits.  In  Java, 
Sumatra,  Borneo,  and  Burmah,  the  oilfields  are  far  from  the  regions  of 
eruptive  activity. 

All  geological  and  chemical  facts  concerning  the  occurrence  of  petroleum, 
therefore,  bear  unanimous  witness  in  favour  of  its  organic  origin,  and  hence 
conclusively  against  it^  production  from  inorganic  substances,  and  the  colla- 
teral hypothesis  of  emanation.  A.P.A.S. 


Contribution  towards  our  Knowledge  of  the  Gross-Fragrant  Pyrites- 
deposits. — By  W.  Frhr.  v.  Reitzenstein.  Zeitschr.  f.  prakt.  Geologie, 
1914,   vol.   xxii.,   pages   197-212. 

This  article  is  an  abstract  of  a  larger  work  in  the  archives  of  the  Royal 
Geological    Institution    of   Berlin.        The    Gross-Fragant    ore-deposits — about 


2G         NOTES  OF  PAPERS  IN  COLONIAL  AXD  FOREIGN 

seven  in  number — lie  in  a  western  ofl'shoot  of  the  Fragant  Valley.  Geo- 
logically, they  occur  in  the  section  of  the  enclosing  slate  against  which  the 
southern  flank  of  the  intrusive  gneiss  leans.  They  clip  southwards  at  angles 
varying  from  30  to  60  degrees.  The  Gross-Fragant  deposit  is  lenticular  in 
shape.  It  takes  the  form  of  a  fairly  homogeneous  quartz-sulphide  ore-body 
and  of  ribbons  or  strips,  the  latter  interbanded  with  more  or  less  impregnated 
slate.  The  metals  that  occur  in  the  Gross-Fragant  deposits  are  iron  and 
copper  pyrites  and  magnetic  iron-ore.  The  normal  deposits  of  pyrites  in 
quartz  alternate  with  dark  green  deposits,  sometimes  very  irregularly.  The 
accompanying  strata  are  brittle  dark  masses  of  slate  and  solid  generally  flag- 
like  stone.  Some  of  the  deposits  were  discovered  and  opened  out  as  early  as 
L689,  and  smelting  began  in  1691.  The  copper-ores  yielded  about  3^  per  cent, 
of  pure  metal.  The  author  calls  attention  to  the  large  available  water 
power,  but  considers  that  the  transport  of  nearly  12  miles  (19  kilometres)  to 
the  Moll  Valley  will,  under  present  conditions,  render  the  mining  under- 
takings expensive.  A.R.L. 


Saltpetre    Industry    of    Chile,    with    Special     Regard    to    its    Economical 
Development. — By  H.  Jttnghann.      Gliickauf,  1914,  vol.  1.,  pages  376-384. 

The  saltpetre  deposits  of  Chile  lie  in  a  long,  narrow,  rainless  strip  of 
coast,  barren  of  all  vegetation,  about  500  miles  (800  kilometres)  long  by  19 
miles  (30  kilometres)  in  width  in  the  north  of  Chile.  The  northern  parts, 
which  were  the  richest,  and  belonged  largely  to  British  companies,  are  to  a 
great  extent  worked  out.  The  southern  parts  are  more  in  the  hands  of 
Germans,  who,  with  improved  modern  plant,  can  work  at  a  profit  at  relatively 
low  prices.  A  comparatively  small  part  of  the  workings  is  in  the  hands 
of  the  Chilians.  The  taxation  of  the  workings  forms  about  a  third  of  the 
income  of  the  State.  An  American-British  group  lately  (1912?)  attempted 
to  bring  the  industry  into  the  hands  of  a  trust.  This  project  fell  through, 
because  the  State  would  not  concede  the  terms  asked  for.  At  present  the 
group  are  holding  off  until  the  State  may  be  in  difficulties,  and  then  show 
greater  readiness  to  agree  to  the  proposals.  The  works  formerly  kept  up 
prices  by  restricting  the  output,  but  the  German  firms  have  lately  refused  to 
join  in  such  measures,  because  their  less  expensive  methods  of  working  enable 
them  to  live  without  them.  The  saltpetre  goes  chiefly  to  Germany,  and  it  is 
to  the  interest  of  the  latter  country  to  keep  down  the  prices.  Investigations 
as  to  the  probable  duration  of  the  industry  go  to  show  that  the  deposits  are 
not  likely  to  be  exhausted  within  the  next  hundred  years,  and  that  they  may 
last  much  longer.  The  export  of  the  saltpetre  is  largely  in  the  hands  of 
the  Germans,  and  the  author  fears  that,  if  the  deposits  should  come  under 
the  control  of  the  trust,  this  trade  would  be  lost  to  Germany.       A.R.L. 


Old  Tin-mines  in  Saxony,  and  the  Chances  of  their  Profitable  Reopening;. 

—By  L.  Rose.     Gliickauf,  1914,  vol.  1.,  pages  1065-1074,  1109-1119,  and 
1156-1166. 

I  lie  author  sets  forth  that  a  number  of  the  old  tin-mines  in  the  Erzge- 
birge,  which  were  abandoned  because  they  had  ceased  to  be  profitable,  might 
yield  better  results  if  conducted  on  modern  lines  and  with  modern  machinery. 
In  view  of  the  rising  price  of  tin,  he  thinks  that   their  reopening  would  be 
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well  worthy  oi  consideration,  and  suggests  that  information  relating  to  the  old 
workings  be  collected  where  possible,  and  that  some  oi  the  more  promising 
mines  should  be  explore:!.  .  ,,  r 

MIXING. TECHNOLOGY. 

Preparation  of  Fine-grained   Coals— By  F    JfJNGST.      Gluckauf,  1914    vol 
I.,  pages  0-10. 

Premising  that  laboratory  tests  give  0012  inch  (03  millimetre)  as  the 
smallest  grain  of  coal  that  can  he  settled,  the  author  states  that  the  minimum 
may  vary  in  practice  from  002  to  000*  inch  (0-5  to  02  millimetre).  Experi- 
mental tests  made  under  the  conditions  of  actual  work  show  that  the  wet 
treatment  of  the  fine-grained  coal  increases  the  quantity  of  ash  in  the  pro- 
duct to  a  considerable  but  varying  degree,  so  that  it  is'considercd  desirable 
that  the  crude  coal  should  he  freed  of  dust  as  far  as  possible  bv  dry  means 
A  proper  organization  of  the  work  of  the  separation  of  tine  coal  from  the 
washing  material  is  found  to  be  highly  important  for  the  prevention  of 
IoSses-  A.R.L. 

Supporting  Shaft  Sides  through  a  Fault.-Bv  J.  H.  Evans  and  Glen 
George.  Trans.  Min.  <f-  Geol.  Inst.  India,  1915,  vol.  ix.,  pages  74-76. 
When  ..inking  the  No.  2  shaft  of  Dhobidih  Colliery,  Giridih,  very  heavy 
feeders  of  water  were  tapped  at  a  depth  of  78  feet,  which  prevented  further 
sinking  for  the  time  being.  After  some  time  sinking  was  continued  to  a 
depth  of  146  feet,  when,  after  a  round  of  shots  had  been  fired,  the  water  rose 
to  a  height  of  60  feet  in  the  shaft.  A  larger  pump  was  then  employed,  and 
after  pumping  had  gone  on  for  63  days  sinking  was  recommenced.  At  a  depth 
of  181  feet,  however,  fresh  feeders  of  water  were  encountered  and  the  water 
on  this  occasion  rose  to  a  height  of  50  feet.  After  pumping  had  continued  for 
96  days,  roughly  200  tons  of  material  fell  from  the  shaft  sides  at  a  depth  of 
215  feet,  and  revealed  a  fault  cutting  across  the  shaft  near  No   2  seam 

The  dtbris  was  cleared  out.  and  the  sides  of  the  shaft  secured  by  putting 
i  i  45-pound  rails,  curved  to  the  circumference  of  the  shaft,  at  intervals  of 
3  feet  vertically,  hacked  by  corrugated  sheets.  A  second  and  larger  fall 
however,  occurred,  which  crumpled  up  these  rings,  and  a  cavity  measuring 
20  by  .30  feet  was  formed  in  the  shaft  side.  An  alarming  fracture  of  30  to 
40  feet  also  apj>eared  in  the  shaft. 

It  was  decided  to  support  the  had  portion  of  the  shaft  bv  a  built-UD 
steel  casing,  and  to  fill  i„  the  cavity  with  concrete.  Hoi,,  were"  driven  into 
the  sides  of  the  shaft,  and  into  each  hole  a  length  of  permanent-way  rail  was 
placed  and  grouted  in,  from  which  ropes  1±  inches  in  diameter  were  hung- 
from  these  roj.es  a  cast-iron  crib  was  suspended  just  below  the  bad  portion 
of  the  shaft.  This  crib,  with  its  suspending  ropes,  supported  the  steel 
casing,  which  consisted  of  semicircular  steel  plates  §  inch  thick  bolted 
together  to  form  a  circular  section.  Each  section  was  4  feet  hicr},  and  after 
being  bolted  together,  the  whole  formed  a  cylinder  measuring  11'-  feet  in 
diameter  by  32  feet  in  height.  The  sections  were  lowered  in  halves  and  bolted 
together  in  the  shaft,  and  as  6ftch  section  was  fitted  the  cavities  were  filled 
with  concrete  consisting  of  I  part  of  Portland  cement,  1  of  lime,  6  of  screened 
sand,  and  14  of  sandstone  ballast.  In  the  lowest  section  next  to  the  crib  the 
concrete  consisted  of  1  part  of  Portland  cement,  3  of  screened  sand    and  7  of 
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-andstoue  ballast.  A  considerable  amount  of  brickwork  was  built  on  the 
concrete  towards  the  top  of  the  casing.  The  work  of  casing  and  concreting 
lasted  58  days. 

The  casing  acted  admirably  in  holding  the  ground  above,  but  further 
falls  took  place  when  sinking  was  resumed.  Two  more  sections  of  casing  were 
therefore  put  in  and  slung  from  the  crib,  and  sinking  was  continued  to  a 
depth  of  246  feet,  when  the  shaft  was  completed.  No  further  trouble  has 
been  experienced. 

The   total   cost   of   securing   the   shaft    in   this    fashion   was    about   £'700 
Bs.   10,671).  A.  P.  A.  S. 

Reconstruction  of  the  Thies  Shaft  of  the  Pluto  Colliery  at  Wanne, — By 
G-.  Konig.     Gluckauf,  1914,  vol.  1.,  pages  172-174. 

Owing  to  earth-pressure,  and  perhaps  to  faulty  sinking  work,  the  Thies 
-haft  had  become  deformed,  so  that  its  lower  part  was  displaced  along  one  of 
the  diagonals,  and  its  reconstruction  became  necessary.  The  upper  part  of  the 
-haft  down  to  a  de]ith  of  2,050  feet  (624  metres)  was  of  oblong  section,  measur- 
ing 20  by  13  feet  (6  by  4  metres).  The  shaft  had  subsequently  been  deepened 
by  about  250  feet  (76  metres)  with  a  circular  section  19^  feet  (5'9  metres)  in 
diameter.  In  1910  the  shaft  was  in  several  places  about  40  inches  (1  metre) 
out  of  the  plumb,  and  was  costing  about  £1,000  (20,000  marks)  a  year  for 
repairs.  It  was  decided  to  fill  up  the  old  shaft  with  material  from  the  pit- 
heap  and  to  resink  it.  In  order  to  save  time,  the  walling  of  the  shaft  was 
proceeded  with  at  the  same  time  as  the  sinking.  It  was  found  possible  to 
utilize  the  cylindrical  part  of  the  old  shaft  as  it  was.  The  work  was  accom- 
plished  in  11  months,  without  Sunday  work,  at  the  rate  of  184  feet  (56  metres) 
per  month.     The  cost  was  £47,735  (974,181  marks).  A.E.L. 

Sinking:     through     Firm     Strata     by    the     Petrification     Method. — By     A. 

Schwemann  and  G.  Schneiders.     Gliickauf,  1914,  vol.  1.,  pages  949-957 
and  985-989. 

A-  an  improvement  on  the  Kind-Chaudron  and  Poetsch  systems  of  sink- 
ing, which  for  water-bearing  strata  in  deeji  shafts  had  sometimes  failed, 
Herr  Schneiders  adopted  a  method  of  petrifying  the  ground  round  these  by 
the  pumping-in  of  thin  cement.  Holes  were  bored  in  a  downward  and  out- 
ward slanting  direction  at  short  intervals  into  the  sides  of  the  shaft. 
Through  these  the  thin  cement  was  forced  by  means  of  a  hydraulic  press. 
In  certain  cases  it  was  necessary  to  fill  cavities  with  hydraulic  packing 
before  applying  the  cement.       Doubt  is  expressed  whether  this  method  would 

successful  in  clayey  strata,  but  in  sand  sinking  work  performed  by  the 
method  is  stated  to  have  proved  cheaper  and  more  rapid  than  any  other.  It 
is  suggested  that  the  cementing  method  may  also  usefully  be  applied  to  the 
stoppage  of  water  and  other  feeders  in  the  works  as  well  as  in  shaft-sinkings. 

A.R.L. 

Injection  of  Cement-grout  into  Water-bearing  Fissures. — By  Francis 
Donaldson.  Trans.  Amer.  Inst.  Min.  Eng.,  1914,  vol.  xlviii.,  pages 
136-138. 

The  author  de-ri  Lbes  the  first  attempt  in  the  United  States  of  America  to 
inject   cement-grout  into  water-bearing  fissures  as   a  means   of  checking   or 
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stopping  tlu>  flow  of  wi iter  into  shafts  and  tunnels.  When  one  of  the.  shafts 
tj  the  Etondoul  siphon  of  the  Catskill  aqueduct  was  being  sunk,  a  How  of  1,500 
gallons  of  water  per  minute  was  struck  at  a  depth  of  aboul  200  Eeet.  As  the 
shaft  contained  as  many  pumps  as  could  be  used,  it  was  decided  to  adopt  the 

•  ntation  process  to  shul  off  the  water. 

Platforms  wore  placed  on  the  timbers  at  the  water-level  in  the  shaft,  and 
-ix  90-foot  holes  were  drilled  in  the  bottom  of  the  shaft  by  a  diamond  drill. 
era]  car-loads  of  cement  were  then  pumped  through  these  holes  into  the 
fissures,  the  drill  casings  being  used  for  grout  pipes.  This  cut  off  the  flow 
of  water  from  the  bottom  to  ,i  considerable  extent,  ami  sinking  was  then  con- 
tinned.  Further  water-bearing  strata  were  grouted  as  soon  as  encountered, 
and  the  contractor  was  able  to  finish  the  shafts  and  tunnel  within  the  contract 
time. 

In  another  shaft  water  to  the  amount  of  150  gallons  per  minute  was  en- 
sountered  at  a  depth  of  100  feet.  Each  of  the  twelve  holes  cut  through  to  the 
water-bearing  strata  was  plugged,  and  grout  connexions  were  made  one  at  a 
time  so  as  to  restrict  the  flow  of  water  into  the  shaft.  The  grouting  of  the 
fissures  was  successful,  and  sinking  was  resumed;  but  at  a  further  depth  of 
50  feet  another  water-bearing  fissure  was  drilled  into,  which  was  found  to  be 
filled  with  -.and.  As  grout  will  not  permeate  sand,  it  was  necessary  to  con- 
tinue drilling  the  holes  into  solid  ground  before  commencing  to  pump  in  the 
gront.  The  sand  was  afterwards  found  to  be  so  full  of  cement  that  when  cut 
through  it  resembled  firm  sandstone,  and  contained  balls  of  grout  from  the 
~ize  of  a  fist  to  that  of  a  man's  head. 

The  most  difficult  process  of  grouting  was  effected  on  the  Hudson  siphon, 
a  tunnel  under  the  Hudson  River,  at  a  depth  of  1,100  feet  below  tide-water.  A 
water-bearing  fissure,  with  a  flow  of  about  300  gallons  per  minute,  was  encoun- 
tered. The  difficulty  was  to  grout  this  flow  against  a  hydrostatic  pressure 
of  500  pounds  per  square  inch,  with  no  solid  rock  to  which  to  make  grout-pipe 
connexions.  This  problem  was  finally  solved  by  the  construction  of  a  con- 
crete bulkhead  8  feet  thick  across  the  full  section  of  the  head.  The  concrete 
was  heavily  reinforced  with  rails  set  into  holes  drilled  laterally  into  the  sides, 
roof,  and  floor  of  the  tunnel.  Grout  pipes  leading  into  the  fissure  were  set 
through  the  bulkhead.  After  the  concrete  had  set  for  a  week,  grout  was 
forced  into  the  fissure,  first  by  the  pneumatic  process  with  a  high-pressure 
air-compressor,  and  finally  by  means  of  a  high-pressure  plunger  pump,  which 
forced  water  instead  of  air  into  the  grout  tank.  Pressures  were  reached  in 
way  amounting  to  1,000  pounds  per  square  inch.  A.l'.A.S. 


Sinking:  of  the   Ickern   II.   Shaft   by  the  aid   of  Electric   Winding:. — By   H. 
Bri-xs.     Gliickauf,  1914,  vol.  ]..  pages  1119-1123. 

The  Ickern  II.  -halt,  1,970  (GOO  metres)  deep,  was  sunk  by  electricity. 
No  time  was  fixed  for  its  completion,  not  more  men  were  employed  on  it 
than  could  work  advantageously,  and  special  attention  was  paid  to  economy 
in  working.  The  advantages  of  using  electricity  were:— That  the  shaft 
could  at  all  times  be  well  lighted,  and  the  electricity  cost  money  only  during 
actual  work.  The  cost  of  winding  power  was  only  about  lis.  per  yard  (12'52 
marks  per  metre)  against  £4  18s.  to  £5  17s.  6d.  per  yard  (100  to  120  marks  per 
metre),  which  is  given  as  the  ordinary  price  for  steam-power  in  a  sinking 
of  the  same  depth.  A.R.L. 
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Difficulties     in      boring     through     Clay-rock     at     Deep     Levels. — By     E. 

Petrascheck.     CEsterr.  Zeitschr.  f.  Berg-  u.  Hiittenwes.,  1914,  vol.  lxii.,. 

pages  99-101. 
The  writer  draws  attention  to  the  difficulties  often  encountered  when 
boring  through  deep  strata  of  clay  and  marl,  owing  to  the  falliug-in  of  the 
surrounding  earth,  and  sometimes  to  its  "  swelling."  The  bore  sticks,  or  gets 
clogged,  and  progress  is  retarded.  The  cause  is  probably  due  either  to- 
superincumbent  pressure,  or  to  faults  and  dislocation  in  the  strata  through 
which  the  bore  passes.  Sometimes  the  only  remedy  is  the  costly  process  of 
walling  round  the  bore.  The  "  swelling  "  may  be  produced  by  the  clay-rock 
absorbing  the  water  used  to  wash  out  the  borehole.  The  effects  of  satura- 
tion of  the  rock  with  water  have  not  yet  been  thoroughly  investigated,  but  it 
is  known  that  clay-slate  and  marl,  under  certain  conditions,  split  up  and 
cease  to  cohere,  although  they  form  solid  rock  when  dry. 

The  writer  suggests  that  brine  or  crude  oil  may  be  substituted  for  water 
to  wash  out  the  borehole.  When  treated  with  a  solution  of  concentrated 
brine,  clay-rocks  do  not  disintegrate.  Other  salt  solutions  may  be  found 
equally  efficacious,  such  as  chloride  of  magnesia,  calcium  chloride,  and  sul- 
phate of  soda  or  of  magnesia.  If  the  rock  shows  a  tendency  to  fall  in,  these 
solutions  should  be  used,  and,  as  soon  as  a  firmer  stratum  is  reached,  recourse 
may  be  had  to  water  again.  E.M.D. 


Water-intrusion  and   Methods  of  Prevention  in  Califorhian  Oilfields. — By 

Franklyx  W.  Oatjiax.    Trans.  Amer.  Inst.  Min.  Eng.,  1914,  vol.  xlviii.„ 
pages  627-649. 

The  author  describes  in  detail  a  typical  California!!  well,  the  effects  of 
water-intrusion,  the  methods  adopted  for  its  prevention,  and  discusses  the 
causes  of  failure.     The  following  is  a  summary  of  his  conclusions:  — 

Operations  for  shutting  off  water  include  the  use  of  flaxseed,  etc., 
packers,  the  drive-shoe  method,  and  the  use  of  cement  by  any  one  of  several 
methods.  The  only  method  discussed  at  any  length  in  this  paper  is  that 
which  makes  use  of  Portland  cement.  "While  the  other  methods  have  their 
application,  they  have,  in  the  writer's  opinion,  failed  to  meet  satisfactorily 
the  conditions  existing  in  the  Californian  fields.  The  cementing  method  has 
now  become  standard  practice  for  the  purpose. 

The  composition  of  all  standard  Portland  cement  is  practically  the  same. 
Although  all  cements  in  general  use  must  pass  standard  specifications  for 
composition,  strength,  soundness,  etc.,  they  may  differ  greatly  in  the  per- 
centage of  certain  compounds  which  they  contain.  The  presence  or  absence 
of  certain  compounds  affects  the  various  properties  of  cement  in  several  ways, 
some  being  deleterious.  Efforts  have  been  made  to  prepare  special  cements 
for  cementing  oil-wells. 

The  deleterious  effect  of  alkaline  water  is  due  to  the  presence  of  the  sul- 
phates  contained  in  it.  When  cement  hardens,  the  lime  liberated  forms  cal- 
cium sulphate,  which  results  in  the  formation  of  a  calcium-sulph-aluminate 
or  lime-alum.  This  hydrates  excessively,  with  great  increase  in  volume,, 
which  may  result  in  the  disintegration  of  the  cement.  Cement  will  set  in 
very  -trong  alkaline  water,  but  may  afterwards  decompose.  In  cement  used 
in  alkaline  water  there  must  be  no  free  lime:    the  lime  content  must  he  kept 


TRANSACTIONS   AND   PERIODICALS.  31 

low;  the  amount  of  gypsum  added  must  be  a  minimum.  The  extern1  oi  di-- 
integration  varies  directly  as  the  percentage  of  the  alumina,  and  must,  there- 
fore,  be  kept  low;  iron  may  be  used  to  replace  alumina;  fine  grinding 
increases  soundness.  The  setting  of  the  cement  may  be  varied  by  its  com- 
position, by  the  thoroughness  of  grinding  the  raw  material,  by  its  degree 
of  calcination,  fineness,  age,  regulators  such  as  gypsum,  the  amount  of  water 
used  in  mixing,  temperature,  oil,  and  the  presence  of  foreign  salts  such  as 
are  found  in  sea-water. 

When  cement  is  deposited  under  water,  the  finer  part,  which  i-  realty 
the  must  active  it  properly  combined,  may  float  to  the  surface  and  form  inert, 
porous  Laitance.  Cement  will  set  properly  in  a  well  if  the  interfering  condi- 
tions are  neutralized.  Some  well-waters  are  much  stronger  than  surface 
alkaline  water,  and  therefore  ultimate  deterioration  of  the  cement  in  a  well 
should  be  expected  to  a  certain  extent.  This  may  he  counteracted  by  chemical 
processes,  or  the  cement  may  deteriorate  so  3lowly  that  the  wells  in  a  field 
may  he  exhausted  before  the  water  breaks  in.  Pressure  is  believed  to  inten- 
sify disintegration  by  alkaline  water. 

In  cementing,  circulation  is  necessary  before  placing  the  cement,  in  order 
to  clean  the  hole,  to  permit  of  the  cement  filling  all  the  space  and  becoming 
well  bonded  to  the  casing  and  sides  of  the  hole.  Circulation  should  be 
thorough  and  long-continued,  lasting  as  much  as  30  hours,  or  more  if  neces- 
sary, in  order  to  clean  the  hole. 

Mixing  and  pumping  are  important  factors  in  cementing  a  well,  and  must 
proceed  with  all  due  speed.  The  cement  should  be  rapidly  mixed,  and  placed 
before  the  time  of  initial  set  has  been  reached.  The  cement  can  be  pumped 
more  thickly  than  is  now  the  custom,  and  therefore  less  water  should  be  used 
in  mixing.     A  mechanical   mixer  is  strongly   recommended. 

The  presence  of  oil  does  not  appear  to  prevent  the  cement  from  setting, 
nor  to  decrease  its  strength  materially,  but  it  increases  the  time  of  setting. 
It  renders  cement  impervious  to  water,  if  stirred  in,  but  may  cause  surfaces 
of  separation  in  the  cement,  due  to  films  of  oil,  along  which  water  may  pass. 

The  presence  of  gas  is  probably  the  chief  obstacle  to  the  satisfactory 
setting  of  cement.  Gas  may  entirely  prevent  cement  from  setting;  or  it  may 
blow  holes  through  the  cement,  allowing  the  main  part  to  set;  or  the  setting 
power  of  cement  may  overcome  the  disturbing  action  of  gas.  It  is  possible 
to  regulate  the  time  of  setting  cement  within  safe  limits.  In  a  well  troubled 
with  gas  it  may  be  desirable  to  hasten  the  setting  by  the  use  of  regulator- 
such  as  sodium  carbonate  or  calcium  chloride. 

The  water-string  must  be  landed  in  a  bed  strong  enough  to  support  its 
weight.  The  l>ed  should  be  a  thick  stratum  of  shale  whenever  possible. 
Crooked  holes  are  probably  the  cause  of  many  failures,  because  they  prevent 
clear  circulation  and  an  even  distribution  of  the  cement  entirely  around  the 
pij>e.  The  pumping  of  gas,  oil,  and  sand  from  a  producing  well  reduces  the 
pressure  gradually  in  the  productive  strata,  which  aids  in  supporting  the 
overlying  impervious  bed  of  shale  in  which  the  water-string  may  lx'  landed. 
The  formation  may  arch,  or  it  may  drop  down,  enlarging  the  hole.  If  the 
upper  beds  are  thin,  they  may  break,  and  water  may  flow  through  into  the 
productive  zone.  As  a  result,  a  producing  field  may  be  flooded  beyond  the 
control  of  the  operators.  Such  a  phenomenon,  however,  is  not  likely  to 
occur  for  some  time  in  the  Californian  fields,  since  the  gas-pressure  still 
remains  relatively  hi?"  A.P.A.S. 
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Substitution  of  Air  for  Water  in  Diamond  Drilling:. — By  Ralph  Wilcox. 
Trans.  Amer.  Inst.  Min.  Eng.,  1913,  vol.  xlvii,  pages  190-191. 
The  diamond  drilling  of  certain  varieties  of  unstable  rock  is  ren- 
dered most  difficult  by  what  is  known  as  "  caving "  of  the  sides  of  the 
drill-holes.  As  this  caving  is  very  greatly  increased  by  the  action  of  flowing 
water,  the  author  came  to  the  conclusion  that  if  air  could  be  substituted 
for  water,  much  of  the  caving — with  resultant  difficulties,  such  as  decreased 
speed  of  sinking  and  increased  consumption  of  diamonds — would  be  overcome. 
Alter  some  experimenting,  it  was  found  perfectly  practicable  to  use  air  for 
the  purpose. 

If  the  air  be  forced  down  the  hollow  rotating  rods  in  the  same  manner  as 
in  the  case  of  water,  the  air  passes  out  around  the  bit,  which  is  thus  cooled, 
and  ascends  on  the  outside  of  the  rods  to  the  collar  of  the  hole,  carrying  the 
borings  as  satisfactorily  as  with  water,  but  without  the  accompanying 
destruction  or  caving  of  the  sides  of  the  drill-holes.  When  water  was  en- 
countered in  the  drilling,  it  was  forced  up  to  the  collar  as  usual,  but  with  a 
correspondingly  decreased  flow  there  was  relatively  less  washing  or  caving  of 
the  sides  of  the  drill-holes. 

The  only  change  necessary  in  the  arrangement  of  the  drill  is  that  a  cross 
i  ii -tead  of  a  tee  is  used  at  the  collar  of  the  hole.  A  tightly-woven  jute  bag, 
attached  to  one  arm  of  the  cross,  is  employed  for  collecting  and  filtering 
the  sample;  and  when  drilling  is  being  done  in  dry  ground  a  jet  of  water 
is  attached  to  the  opposite  arm  of  the  cross,  to  collect  the  dust  and  wash 
down  the  sample  into  the  bag.  The  rods  rotate  through  a  stuffing-box 
attached  to  the  upper  opening  of  the  cross.  The  distension  of  the  jute  bag 
by  the  issuing  air  indicates  the  operating  conditions  as  sufficiently  as  did  the 
flow  of  water  when  water  was  used  in  the  drill-hole. 

The  small  percentage  of  core  recovered  rendered  it  necessary  to  rely 
almost  entirely  upon  sludge  samples.  Great  care  was  taken  in  recovering 
these  samples,  which  were  all  weighed  in  order  that  the  presence  of  caviug 
might  be  detected. 

The  foregoing  experience,  which  extended  over  six  months,  has  shown 
that  the  refrigerating  action  of  the  air  in  expanding  around  the  bit  is 
effective  in  cooling  the  bit,  and  the  diamond  consumption  has  not  increased. 
It  has  not  been  found  necessary  to  decrease  the  speed  of  rotation  of  the  bit. 
The  difficulties  of  operating  in  friable  copper-bearing  schist  have  been  de- 
creased fully  75  per  cent,  by  the  use  of  air,  and  the  sample  weights  and  the 
results  of  sampling  checked  perfectly.  There  is  no  indication  as  to  whether 
there  is  any  limitation  in  depth  in  dry  holes,  the  greatest  required  depth 
so  far  being  about  300  feet. 

Tests  as  to  the  amount  of  air  used  showed  a  maximum  consumption  of  82 
cubic  feet  of  free  air  per  minute,  while  the  least  with  which  operating  was 
practicable  was  23  cubic  feet.  The  average  used  during  the  several  tests 
was  47  cubic  feet  of  free  air  per  minute,  at  a  pressure  of  75  pounds. 

Apart  from  affording  much  relief  in  diamond  drilling  of  friable  rock  as 
just  described — probably  the  worst  in  which  diamond  drilling  has  ever  been 
done — there  arises  the  possibility  of  drilling  in  regions  where  a  scarcity  of 
water  would  otherwise  prevent  one  from  operating.  Drilling  in  such  places 
could  bo  accomplished  by  the  use  of  a  portable  compressor  driven  by  a 
gasoline-engine,  which  is  another  not  inconsiderable  advantage  offered  by 
tin'   use  of  air  instead  of  water  in  diamond  drilling-.  A.P.A.S. 
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Mining'    Drills    and    Ventilating    Fans    driven    by    Compressed    Air. — By   — 

Mi-hle.     I>( ■>■  Bergbau,  lull.  vol.  xxvii.,  pages  527,  528,  and  546-548. 

The  writer  describes  an  a i r-(<>ni i .1  .'^-< ii-  designed  for  driving  a  rotary  drill, 
and  claims  for  it  that  it  combines  the  advantages  of  electrical  driving  with 
driving  by  compressed  air.  The  machine  is  in  two  parts,  and  consists  of  the 
air-compressor  itself  and  the  mechanism  actuating  the  borer.  The  pressure 
is  5  atmospheres  (70  pounds  per  square  inch),  and  the  speed  of  the  compres- 
-iii  3.200  revolutions  per  minute.  The  power  required  is  about  £  horsepower. 
The  speed  is  transmitted  to  the  borer  by  gearing  at  about  100  to  1.  The 
borer  is  worked  by  a  rotating  piston,  and  has  a  speed  of  300  revolutions  per 
minute.  The  friction  is  taken  by  four  light  aluminium  discs,  which  are 
easily  replaced  when  worn  out.  The  cylindrical  guide  in  which  the  piston 
works  is  of  cast-iron.  There  is  no  intermediate  gearing,  the  compressed  air 
being  admitted  direct  to  the  piston,  and  passing  out  uninterruptedly  through 
the  exhaust.  The  machine  is  set  in  motion  by  a  hand-lever,  and  as  long 
as  it  is  at  work  the  lever  cannot  be  released.  The  cutter  of  the  borer  is 
made  of  especially  hard  steel,  and  the  shaft  of  ordinary  ingot  steel.  As  the 
hewer  requires  several  different  kinds  of  cutter,  in  order  to  suit  the  hardness 
of  the  coal  or  rock  on  which  he  is  working,  the  useful  custom  has  been 
adopted  in  one  mine  in  Germany  of  sending  a  boy  round  at  intervals  to 
collect  the  worn  cutters  from  the  different  hewers,  and  to  supply  them  with 
fresh  ones. 

The  wear  of  the  machine  is  small,  and  it  requires  no  oiling  while  at 
work.  In  one  mine  the  drilling  was  at  the  rate  of  3  J-  feet  per  minute.  The 
machine  can  lie  adjusted  to  work  at  any  height,  and  Las  been  used  at  22 
feet  above   floor-level. 

The  writer  also  describes  a  ventilating  fan  driven  by  compressed  air 
delivered  through  a  pipe  330  feet  long.  The  consumption  of  the  fan  is 
3%  cubic  feet  per  minute,  and  this  provides  sufficient  power  to  ventilate  the 
shaft.  E.M.D. 


Drills  for  Rock-boring  Machines. — By  A.   Gerke.      Berg-  u.  Htitt.   Rtinds., 
1914,  vol.  x.,  pages  156-160,  170-173,  and  183-188. 

These  little  instruments  are  mostly  made  of  steel,  and  for  hard  rock 
should  contain  more  and  for  soft  rock  less  than  5  per  cent,  of  carbon.  They 
are  in  three  parts — the  handle,  the  shaft,  and  the  cutter — and  vary  in  shape 
according  to  the  work  done,  whether  by  rotation,  thrusting,  or  percussion. 
The  cutter,  which  is  the  most  important  part,  is  of  various  shapes,  but  is 
mostly  formed  like  a  chisel.  It  is  usually  "jerked"  into  the  handle  by  a 
special  machine.  To  sharpen  the  cutter  by  hand  is  a  costly  process,  and 
this  is  generally  done  by  machinery.  The  machines  used  in  Germany  con- 
sist of  one  or  more  small  hammers  driven  by  compressed  air,  and  the  writer 
claims  that  these  machines  are  simpler  than  the  foreign  types.  The  best 
known  are  the  "Minimax"  and  the  "Bapid."  E.M.D. 


Tubbing  with  Z-Sectioned  Concrete  Slabs.      By  .M.  GlLLIEAtTX.     Ann.  Mini's 
Belgique,  1914,  vol.  xix.,  pages  145-160. 

After  reviewing  the  systems  of  tubbing  in  use  in  mines,  the  author  pro- 
poses a  construction   which,  in   addition   to  advantages  in   cost  and   weight, 
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admits  of   successive   rings   being   fitted   one   below   the   other   as    the   shaft 
deepens.     Comparative   figures   given    show — 


Timber.  Cast-iron. 

Price  per  cubic  metre,  in  francs  ...     150  1,800 
Strength  per  square  centimetre,  in 

kilogrammes      ...          ...          ■••       45  500 


Brick. 

32 


12 


Stone. 

120 

SO 


Concrete. 
20 

32 


Vertically,  the  reinforced-conerete  slab  has  the  section  of  a  rough  dis- 
torted Z  with  z-shaped  and  pothook-shaped  reinforcements.  Each  ring  of 
slabs  can  be  hung  into  the  one  above,  the  insides  and  outsides  of  these  then 
forming  continuous  surfaces,  except  for  a  number  of  grooves  left  on  the 
outer  side,  which  are  afterwards  filled  by  injected  material,  and  thus  help 
to  hold  the  ring  in  place.  The  sections  of  the  separate  rings  are  hooked  on 
to  each  other  and  closely  fitted,  the  last  of  these  pieces  being  inserted  with 
special  care.  Each  ring  is  pierced  by  holes  for  slinging  and  injection  pur- 
poses, and  iron  bars  are  driven  through  these  into  the  sides  of  the  shaft. 
The  building  of  the  rings  one  below  instead  of  one  above  another  enables 
the  work  always  to  be  done  near  the  bottom  of  the  sinking,  so  that  danger  is 
minimized  and  less  water  can  collect  behind  the  tubbing  before  concrete 
is  injected  than  by  the  old  method.  A.E.L. 


Apparatus  for  Testing  the   Correct  Alignment  of   Guide-rails. — By   Hans 
Bansen.     Zeitschr.  des  Oberschl.  Berg-  u.  Hiitt.  Ver.,  1914,  pages  54-57. 

The  great  increase  of  late  years  in  the  speed  of  winding,  which,  in  one 
mine  in  Germany  is  105  feet  (32  metres)  per  second,  has  caused  a  correspond- 
ing strain  on  the  guide-rails,  which  sometimes  show  a  tendency  to  distor- 
tion, due  partly  to  wear  and  partly  to  rock  pressure.  In  order  to  correct 
this  evil,  an  instrument  has  been  brought  out  by  Mr.  Musnicki,  a  Belgian, 
which  consists  of  a  pair  of  measuring  rods,  and  an  indicator-drum  and  pencil 
to  record  their  markings.  Both  rods  are  telescopic,  and  can  be  adjusted  to 
any  width  of  the  shaft  and  guides.  They  carry  small  rollers  at  each  end 
to  run  over  the  guides.  The  right-hand  roller  corresponds  to  any  deviation 
from  the  true  in  the  spacing  of  the  guides,  and  communicates  this  variation 
to  the  left-hand  roller,  which  is  connected  to  a  pulley  and  indicator-drum. 
The  drum  is  actuated  by  a  cogwheel  and  worm-gear,  and  rotates  at  a  speed 
of  1  :  100  of  the  speed  of  winding.  Thus,  if  the  depth  of  the  shaft  is. 
1,800  feet,  the  length  of  the  diagram  traced  on  the  drum  will  be  18  feet. 
The  drum  is  held  in  position  by  springs,  and  the  whole  apparatus  is  mounted 
on  the  cage.  There  are  four  recording  pencils  marking  respectively  the  line 
of  no  variation,  the  lines  of  maximum  and  minimum  permissible  deviation, 
while  the  fourth  pencil  traces  the  actual  spacing  apart  of  the  guides.  Any 
distortion  is  thus  shown  at  once,  and  the  exact  depth  in  the  shaft  at  which 
the  shift  has  taken  place  is  also  marked.  The  error  is  then  measured  by  a 
gauge  attached,  when  required,  to  the  cage,  and  the  hewer  is  able  to  descend 
and  adjust  the  guides  without  loss  of  time. 

The  writer  claims  for  the  instrument  that  it  is  more  accurate,  reliable, 
and  rapid  in  detecting  deviations  in  the  guides  than  human  observation,  and 
that  it  also  indicates  the  speed  and  efficiency  of  winding.  E.M.D. 
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Working:     of     Safety-apparatus     for     Cages      in      Deep     Shafts. — By     J. 

Czapi.inski.     (Est err.  Zeitschr.  /.  Berg-  u.  Hiittenwes.,  I'.ilt.  vol.  Ixii., 
pages  197-201  and  211-215. 

In  the  Rossitz-Oslawaner  coalfields,  when-  the  coal  is  worked  to  a  depth 
of  2,360  feet,  several  failures  have  occurred  in  the  safety-catches  used  for 
arresting  the  cages  when  the  rope  breaks.  Such  an  accident  happened  in 
September,  1913.  Two  cages  were  being  wound  from  a  depth  of  1,350  feet, 
and  before  they  had  come  far.  or  any  greal  winding  speed  had  been  attained, 
the  rope  broke,  and  the  cages  fell  to  tin-   bottom   of  the  shaft. 

The  cages  weighed  .'!>!  cut.,  the  two  tubs  13  cwt.,  and  the  charge  31 
cut  The  weight  of  the  rope  was  5  pounds  per  yard  (2"5  kilogrammes  per 
metre).  The  safety-apparatus  consisted  of  two  exoentric  catches  rotating  on 
fixed  axes,  which  gripped  the  sides  of  the  guides.  These  were  of  wood,  19i  feet 
long,  6j  inches  wide,  and  were  screwed  at  intervals  of  6£  feet  to  the  cross- 
beams lining  the  shaft.  The  breaking  of  the  rope  released  two  buffer-springs, 
on  which  the  cage  and  its  load  were  hung,  and  these  communicated  the 
movement  to  the  excentrice.  The  load  on  the  springs  was  lb'  cwt.;  it  had 
been  tested  recently,  as  well  as  the  safety-catches,  which,  in  accordance 
with  official  regulations,  must  be  tested  at  intervals  of  a  fortnight.  Investi- 
gation showed  that  neither  the  catches,  the  springs,  nor  the  construction  of 
the  guides  was  at  fault;  all  were  in  good  working  order,  and  had  acted,  but 
not  with  -.ufficient  force.  The  efficiency  of  this  kind  of  safety-apparatus  is 
in  inverse  ratio  to  the  depth  of  the  shaft.  If  the  rope  breaks  while  the 
cage  is  still  at  a  considerable  depth  in  the  shaft,  the  length  of  the  broken 
rope  falling  upon  the  cage  increases  the  weight  of  the  latter  so  greatly  that 
the  catches  are  not  strong  enough  to  arrest  the  fall  of  the  cage.  Thus  the 
catch  depends  for  its  action  on  the  winding-rope,  and  the  greater  the  depth  of 
wind,  the  more  uncertain  is  its  effect.  In  order  to  obviate  this  difficulty  a 
new  system  has  been  introduced,  and  has  since  worked  satisfactorily.  It, 
consists  of  four  toothed  rotating  discs,  two  on  each  side  of  the  cage,  which 
grip  the  guides,  and  are  actuated  by  compressed  air  instead  of  springs.  The 
breaking  of  the  rope  releases  a  lever,  which  immediately  liberates  the  com- 
pressed  air  and  o|K>rates  the  toothed  catches.  E.M.D. 

Cable-crane  in  Day  Workings  of  Mines. — By  F.   Winter meykr.      (Uuckauf, 
1914,  vol.  1.,  pages  989-993. 

After  referring  to  different  varieties  of  the  telpherage  system  hitherto  in 
use  for  single-span  work  in  lignite  workings,  the  author  describes  a  number 
of  recent  improvements.  Amongst  these  is  the  construction  of  travelling 
towers  at  the  ends  of  a  span,  each  having  three  feet  instead  of  four,  so  that 
they  always  bear  on  the  rails.  In  another  arrangement  with  vertical  struts, 
the  cable  is  kept  taut  by  the  attachment  of  one  of  its  ends  to  a  weight  on 
an  inclined  plane.  It  is  pointed  out  that  the  cable-crane  lends  itself  better 
than  any  other  system  of  transport   to  irregularities  of  the  ground. 

A.R.L. 

Rapid    Discharging  from    End-tipping   and    Side-tipping   Trucks. — By   M. 
Buhle.     Gluckauf,  1914,  vol.  1.,  pages  957-959. 

The  author  describes  methods  of  rapid  tipping  from  trucks.  The  trucks 
are  of  plain  low  construction,  and  are  devoid  of  superstructures.  They  are 
made  to  run  on  to  a  platform,  which  can  be  tilted  to  an  angle  of  45  degrees 
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in  the  Longitudinal  direction,  or  on  to  a  circular  cage  that  is  designed  to 
take  one  or  two  wagons  abreast  and  can  be  tipped  sideways  by  electricity. 
The  longitudinal  tilting  and  righting  can  be  done  in  five  minutes.  In  the 
case  of  a  two-wagon  arrangement,  the  side-tipping  was  found  to  increase  the 
speed  of  working  by  50  per  cent.  The  consumption  of  current  is  stated  to 
be  small.  A.E.L. 

Experiences  with  Hydraulic  Packing:. — By  W.  Friedemann.  Gliickauf, 
1914,  vol.  1.,  pages  877-885. 
An  examination  of  the  results  obtained  by  the  Aktienverein  der 
Zwickauer  Biirgergewerkschaft  zu  Zwickau  (Prussian  Saxony)  with  hydraulic 
packing  shows  that  it  can  mitigate  subsidences  of  the  surface,  but  not  prevent 
them  entirely.  With  hand-packing  the  subsidence  may  be  reduced  by  50  per 
cent.  Some  results  with  hydraulic  packing  showed  a  maximum  subsidence 
of  7'7  per  cent,  and  a  mean  subsidence  of  6'8  per  cent.  It  is  considered 
better  to  work  out  and  pack  a  district  entirely  than  to  do  so  only  in  part. 
In  the  former  case,  a  small  uniform  subsidence  takes  place,  which  produces 
no  very  unpleasant  effects.  A.E.L. 

Winding:  Arrangements  of  the  Emanuelssegen  and  Boerschachte  Col- 
lieries.— By  H.  Baxsex.  Gliickauf,  1914,  vol.  ].,  pages  405-412. 
In  the  course  of  a  description  of  the  winding  arrangements  of  the 
Emanuelssegen  Collieries,  attention  is  drawn  to  the  use  of  standard  patterns 
for  the  curve  switch,  and  other  pieces  of  the  rail-track,  which  system 
simplifies  and  cheapens  the  laying  as  well  as  the  shifting  and  relaying  of  the 
ways.  Stress  is  also  laid  on  the  advantages  of  the  entire  separation,  not 
only  of  the  two  divisions  of  the  shaft,  but  also  of  the  underground  approaches 
to  the  latter,  and  of  the  corresponding  ways  into  the  mine.  The  cage- 
floors,  flat-sheets  at  bank,  and  ways  leading  to  and  from  the  shaft  below  are 
laid  at  a  slight  angle,  so  that  on-setting  work  is  facilitated.  A.E.L. 

Underground     Haulage    by     Locomotives. — By    A.    Baijot.       Ann.     Mines 
Belgique,   Hill,  vol.  xix.,   pages  349-373. 

On  the  basis  of  a  number  of  reports  that  have  appeared  in  the 
Annates  des  Mines  de  Belgique,  Mr.  Baijot  compares  the  costs  of  haulage  by 
the  aid  of  horses  on  the  one  hand  and  of  benzine-engines  on  the  other.  He 
finds  that  the  conditions  of  the  successful  application  of  the  benzine-engine 
are  that  the  loads  drawn  should  be  from  four  to  four-and-a-half  times  as 
great  as  those  admissible  with  horse  traction,  and  that  they  should  be  hauled 
twice  as  far  as  those  that  are  horse-drawn.  It  is  pointed  out  that,  while 
the  benzine  is  costing  money  only  while  the  engine  is  at  work,  the  horses  are 
costing  money  continually.  A  further  comparison  made  with  the  compressed- 
air  locomotive  shows  that,  whereas,  under  special  conditions  of  brisk  heavy 
traffic,  this  engine  may  work  about  30  per  cent,  more  cheaply  than  the  ben- 
zine-engine, it  is  inferior  to  the  latter  for  ordinary  purposes.  The  com- 
pressed-air engine  being  fed  from  a  central  power,  its  working  costs  are  to  a 
large  extent  independent  of  the  weight  of  the  load.  Stress  is  laid  on  the 
very  great  advantages  with  which  the  application  of  both  these  types  of 
engine  to  underground  haulage  have   been   attended.  A.E.L. 
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Experiences    with    Mechanical    Putting    at    the    Ewald    Colliery. — By    II. 

Qbahn.  Oluckauf,  1914,  vol.  1.,  pages  1-6. 
Since  June,  1909,  endeavours  have  been  in  progress  at  the  Ewald  Colliery 
to  cheapen  the  cost  of  putting',  especially  in  the  thinner  seams,  by  the  use  of 
mechanical  means  of  transport.  In  workings  with  a  slight  dip,  conveyors 
were  first  tried.  With  these  the  costs  of  working  per  tou  were  3s.  6Jd. 
(3-557  marks)  in  1909-1910,  3s.  0}d.  (13042  marks)  in  1910,  and  3s.  6£d.  (357 
marks)  in  1911,  the  increase  in  the  latter  case  being  due  to  the  occurrence  of 
troubles  and  more  difficult  general  conditions  of  work.  The  conveying 
appliance  now  chiefly  in  use  is  the  rocking  spout.  The  cost  per  ton  with 
this  appliance  was  3s.  od.  (3-45  marks)  in  1912.  The  system  was  subsequently 
improved.  The  -pouts  were  borne  on  excentrically  arranged  wheels  which 
ran  on  curved  beds  in  such  a  manner  that,  when  subjected  to  the  rocking 
motion,  the  spouts  rose  and  fell  to  the  extent  of  6  inches  (150  millimetres), 
and  each  rocking  stroke  conveyed  the  coal  from  8  to  12  inches  (20-30  centi- 
metres) onwards.  In  order  to  facilitate  the  transfer  of  the  coal  from  the 
tubs  into  the  spouts,  a  side-tipping  device  has  lately  been  employed.  With 
these  improvements,  the  work  has  been  so  cheapened  that,  whereas  only  573 
per  cent,  of  the  output  was  conveyed  by  mechanical  means  in  1910,  as  much 
as  3114  per  cent,   was  so  conveyed  in  1912.  A.R.L. 

Experience  with  Mechanical  Putting  at  Osterfeld  Colliery. — By  H.  Grahn. 
Oluckauf,  1914,  vol.  1.,  pages  1025-1027. 

Referring  to  a  previous  article  on  the  methods  of  mechanical  transport  of 
coal  in  mines,  the  author  discusses  the  band-conveyor  system :  this,  where 
special  conditions  favour  its  use,  is  applied  alongside  of  that  of  the  rocking 
spout,  and  is  thought  to  work  as  economically  as  its  rival  when  the  dip  of 
the  seam  docs  not  exceed  10  degrees,  and  only  the  winnings  near  it  require 
to  be  dealt  with.  A.R.L. 

Instruments  Used  for  Handling  Coal  and  Ore. — By  —  Wintermeyer.     Der 
Bergbau,  1914,  vol.  xxvii.,  pages  49-51  and  65-66. 

The  principle  of  these  machines  is  that  of  a  spherical  bucket  made  in  two 
parts,  which  opens  in  the  same  way  as  the  bucket  of  a  dredger.  It  is 
lowered  upon  the  coal  or  ore  to  be  handled,  closes  upon  it,  and  takes  it  up 
as  it  rises.  Thus  the  charge  is  automatically  delivered  wherever  it  is  needed. 
The  machine  is  either  single  or  double-acting,  according  to  whether  one  or 
two  ropes  are  used  to  work  it.  In  either  case  the  ropes  pass  over  pulley- 
drums,  and  are  manipulated  by  winches.  The  fulcra  are  sometimes  inside, 
sometimes  outside  the  machine;  both  kinds  are  illustrated  by  drawings  in 
the  original  paper.  Various  elaborations  of  this  simple  design  have  been 
introduced  in  Germany.  Some  machines  are  provided  with  special  locking 
mechanism,  to  hold  the  coal  or  ore  firmly  in  position  ;  in  others  the  "  grip  " 
of  the  bucket  is  increased  by  a  series  of  bell-crank  levers.  If  the  machine 
is  worked  by  a  single  rope,  care  is  needed  to  make  the  two  halves  of  the 
bucket  open  simultaneously.  Of  late  years  an  endeavour  has  been  made  to 
utilize  the  machine  as  a  kind  of  automatic  cage  or  kibble,  and  to  bring 
small  tubs  of  coal  or  ore  direct  to  the  surface,  without  charging  them  into  a 
cage.  The  writer  gives  a  list  of  the  various  types  used  in  Germany,  and  the 
names  of  their   manufacturers.  E.M.D. 
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Universal    Pocket    Instrument    on    the     Brunton    Pattern. — By    C.    Leiss. 
Zeitschr.  f.  prakt.   Geologie,  1914,  vol.  xxii.,  pages  16-18. 

The  writer  describes  a  pocket  instrument  in  extensive  use  by  American 
geologists  and  mining  engineers,  which  is  a  combination  of  compass,  spirit- 
level,  and  horizontal  and  vertical  angle-measurer.  The  lid  contains  a  mirror 
with  a  sighting-line  marked  on  it.  The  compass-needle,  which  is  arranged 
vertically,  is  found  to  adjust  itself  more  quickly  and  steadily  than  the 
ordinary  flat  horizontal  one.  The  instrument  is  stated  to  be  especially  useful 
for  measuring  the  varying  dips  of  underground  strata.  A.R.L. 

Preservation  of  Wood  for  Timbering:  in  Mines. — By  F.  Moll.    Zeitschr.  des 
Oberschl.  Berg-  u.  Hint.   Ver.,  1914,  pages  104-112. 

From  5  to  6  per  cent,  of  all  the  wood  used  in  Germany  is  employed  as 
"timbering  in  mines,  and  it  wears  out  with  great  rapidity.  Pinewood  has 
now  superseded  oak  for  the  purpose,  as  it  is  more  durable,  lighter,  easier  to 
handle,  and  stronger.  Pit-props  vary  from  16  to  52  feet  (5  to  16  metres)  in 
length.  The  advantages  of  preserving  the  wood  have  been  known  from 
the  time  of  the  Romans,  but  it  is  only  of  late  years  that,  owing  to  the 
great  demand  for  timber,  and  its  growing  scarcity,  the  question  has  been 
seriously  considered.  Although  the  value  of  the  wood  is  more  generally  recog- 
nized, only  10  per  cent,  of  that  used  for  timbering  in  mines  in  Germany  is 
thus   treated. 

Methods  for  adding  to  the  "life  "  of  wood  fall  under  two  heads,  namely, 
oils  and  salts.  The  best  process  is  to  impregnate  the  wood  for  a  given  time 
with  tar-oil,  but  this  is  too  costly  a  plan  to  be  generally  adopted.  To  mix 
the  oil  with  a  solution  of  chloride  of  zinc  or  other  salt  has  been  tried,  but  the 
expense  is  almost  as  great,  and  experience  has  shown  that  the  oil  and  the 
salts  mutually  annul  each  other's  good  effect.  Merely  coating  of  the  wood 
with  some  preservative  is  useless,  as  to  be  of  any  value  prolonged  impreg- 
nation is  required.  At  a  mine  in  Westphalia  the  tar-oil  used  for  preserving 
the  wood  is  produced  from  the  coal  on  the  spot,  at  a  cost  of  250  to  3"50 
marks  per  100  kilogrammes  (say,  |d.  per  pound)';  but,  if  the  oil  is  bought,  the 
cost  is  prohibitive,  although  tar-oil,  if  applied  under  pressure,  greatly  in- 
creases the  life  of  the  wood.  Sodium  creosote,  which  is  extracted  from 
brown-coal  tar  by  treating  it  with  soda  solutions,  has  this  advantage  over 
coal-tar  oil  that  it  is  not  inflammable,  but  after  a  time  it  makes  the  wood 
brittle. 

The  other  method,  namely,  the  impregnation  of  the  wood  with  metallic 
-alt-,  ha-  long  been  known,  but  only  lately  applied.  In  the  Rif>  Tinto  mines, 
which  were  worked  in  Roman  times  for  blue  vitriol,  the  timbering  lasted  for 
many  centuries,  and  the  same  may  be  said  of  the  Austrian  and  other  salt- 
mines, where  the  wood  becomes  impregnated  with  the  brine.  Sometimes  the 
sublimate  from  the  water  in  the  sump  is  used,  but  the  process  must  be  carried 
out  under  pressure,  and  in  ferro-concrete  vats.  An  advantage  of  treating  the 
wood  with  salts  is  that  they  make  it  less  inflammable,  but  care  must  be  taken 
that  the  fibre  is  not  injured.  If  the  quantity  of  wood  to  be  treated  is  small, 
it  may  be  left  for  a  few  days  in  an  open  tank  covered  with  the  salt  solution. 
The  writer  recommends  previous  heating  of  the  lye :  the  process  then  takes 
only  21  tours,  whereas  it  the  treatment  is  applied  cold  8  days  are  needed. 
The  main  points  to  be  kept  in  view  are  the  efficacy  of  the  process,  its  dura- 
bility, and  the  avoidance  of  any  ill  effects  on  the  miners.  E.M.D. 
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Comparative  Trials  with  Different  Methods  of  Impregnation  of  Mine 
Timber.  By  0.  Dobbelstein.  Qluckauf,  1914,  vol.  I.,  pages  611-617. 
The  author  gives  particulars  of  a  series  of  nine  experimental  trials  made 
in  1912  by  the  Committee  of  the  Mining  Association  in  Dortmund  with 
various  methods  of  impregnation  of  mine  timber.  Sets  of  samples  of  the 
impregnated  timbers  were  handed  over  to  four  different  collieries  to  be 
applied  side  by  side  in  the  workings.  Systematic  observations  were  there 
to  be  made  on  them  to  determine  their  relative  powers  of  resisting  decay. 

A.R.L. 


Standard    Dimensions   for   Compressed-air   and    Spraying   Pipes. — By   0. 
Dobbelstein.     Qluckauf,  1914,  vol.  I.j  pages  157-459. 

The  author  pleads  for  the  institution  of  standards  for  pipes  of  the  above 
categories,  and  gives  a  table  of  suggested  dimensions  for  them.  A  sketch 
is  also  given  of  a  coupling  that  was  approved  by  a  commission  of  the  Mining 
Association  in  1913  at  Leipzig,  with  tables  of  standard  dimensions  of  its 
flanges   and   other   parts.  A.R.L. 

Experiments  on  the  Ignition  of  Coal-dust.— By  J.  Taffanel.  Ann.  Mines 
Paris,  1914.  series  11.  vol.  v.,  pages  233-333. 
The  Central  Committee  of  the  Collieries  of  France  having  carried  out  a 
series  of  experiments  on  the  ignition  of  coal-dust  at  their  experimenting 
gallery  at  Lievin,  it  was  thought  desirable  to  compare  the  results  of  these 
with  those  of  similar  experiments  made  on  a  larger  scale  in  an  actual  mine.  A 
tortuous  underground  gallery  of  about  twice  the  sectional  area,  and  from 
three  to  four  times  the  length  of  the  Lievin  one,  was  allocated  by  the 
Societe  de  Commentry,  and  a  series  of  experiments  were  made  in  it.  Among 
other  results,  it  was  found  that  a  shot  had  a  much  greater  effect  when  fired 
from  a  closed  end  of  a  gallery  than  when  fired  at  a  distance  from  that  end. 
Up  to  a  certain  point  the  effects  were  also  in  something  like  inverse  propor- 
tion to  the  area  of  section  of  the  gallery.  The  currents  of  air  preceding  the 
flame  in  an  explosion  travelled  so  quickly,  whether  with  or  against  the 
ventilating  current,  that  the  latter  had  little  influence  on  them.  The  con- 
tent of  oxygen  of  the  air  was  not  considered  to  affect  the  course  of  the 
explosion.  The  explosion  proceeded  in  undulations  at  a  speed  of  1,150  feet 
(350  metres)  per  second.  Regular  conditions,  such  as  straightness  of  gallery, 
uniformity  of  section,  and  smoothness  of  surface,  favoured  the  propagation 
of  the  explosion.  Zones  of  neutralization  of  explosion,  in  which  ashes  and 
water  are  so  arranged  as  to  be  spilt  by  the  current  of  an  explosion,  are 
found  to  have  the  greatest  effect  at  bends  or  at  other  such  irregularities  of 
the  gallery.  Sprinklers  of  water  in  swinging  troughs  and  heaps  of  ashes  en 
shelves  or  trays  are  found  to  be  most  efficacious  when  arranged  near  the  roof 
of  the  gallery.  A  special  arrangement  of  troughs,  in  which  a  fixed  one 
feeds  a  movable  one,  and  thus  lengthens  the  time  of  automatic  sprinkling  in 
the  case  of  slowly  progressing  explosions,  is  recommended.  Further  experi- 
ments with  ashes  are  being  conducted  at  Lievin.  It  is  thought  desirable  that 
additional  experiments  should  be  conducted  in  still  longer  and  more  complex 
galleries  of  an  actual  pit  than  those  at  Commentrv  described  in  the  article. 

A.R.L. 
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Appearance   of   Flashes   caused    by   Shots. — By   E.   Lemaire.      Ann.   Mines 
Belgique,  1914,  vol.  xix.,  pages  37-100. 

The  article  is  prefaced  by  a  note  by  Mr.  V.  Watteyne,  Inspector-General 
of  Mines,  who  calls  attention  to  the  complexity  of  the  safety-explosive  pro- 
blem, and  considers  that,  along  with  the  phenomena  of  detonation,  the 
luminous  manifestation  should  be  observed.  Some  of  the  explosives  on  the 
"safe  "  list  have,  he  states,  as  a  result  of  Mr.  Lemaire's  tests,  proved  to  be 
defective.  He  suggests  that  explosives  that  give  bad  flashes  should  be  used 
in  smaller  charges,  and  should  in  addition  be  struck  from  the  "  safe  "  list. 

Mr.  Lemaire  finds  that  all  explosives  are  "  in  some  measure  "  safe — that 
is,  one  may  be  safe  with  a  charge  of  a  few  grammes  and  another  with  one 
of  900  grammes  or  more.  The  safe  charge  may  increase  with  the  section 
of  the  gallery,  although  not  in  proportion  to  it.  With  some  explosives,  the 
hardness  of  the  ramming  may  have  an  influence.  In  the  case  of  some,  it 
varies  with  the  size  of  the  firing  tube.  Some  explosives  are  more  apt  to 
ignite  gas  and  others  to  ignite  coal-dust.  Photographs  of  the  flashes  were 
taken  in  a  gallery  about  6£  feet  (2  metres)  square  in  section,  the  apparatus 
being  placed  opposite  the  gun  at  about  33  feet  (10  metres)  distant  from  it. 
The  flashes  appear  as  projected  on  a  vertical  plane  at  right-angles  to  the 
axis  of  the  gun.  The  diameter  of  the  gun  was  216  inches  (55  millimetres). 
In  a  few  of  the  experiments  the  shots  were  fired  into  an  iron  tube  about  39J 
inches  (1  metre)  in  diameter.  The  photographs  for  the  most  part  show  a 
central  flash.  This  is  surrounded  by  other  flashes,  contiguous  to  it  or  not, 
that  are  more  or  less  luminous,  and  may  or  may  not  be  continuous.  Three 
phases  of  the  explosion  are  distinguished,  the  first  corresponding  with  in- 
complete reactions  produced  by  the  velocity  of  the  explosive  wave,  the 
second  with  reactions  of  the  gases  in  leaving  the  tube,  and  the  third  with 
the  intervention  of  the  oxygen  of  the  air,  which  produces  subsidiary  flashes. 
These  latter  are  thought  to  occur  at  points  at  which  the  imperfectly-mixed 
air  and  gas  are  in  the  proportions  favouring  ignition,  or  nearly  so.  It  is 
proposed  to  investigate,  in  a  series  of  further  experiments,  the  influences 
which  the  explosion  itself,  the  tightness  of  the  ramming,  the  velocity  of 
detonation,  and  the  special  conditions  of  firing  respectively  exert  on  the  pro- 
duction of  the  flashes,  and  to  ascertain  to  what  extent  the  latter  favour  the 
ignition  of  gas  or  coal-dust.  The  ignition  being  found  to  depend  on  the  dis- 
tance of  the  shot  from  the  limiting  surfaces  of  the  gallery,  it  is  thought 
that  chance  obstructions  may  have  helped  to  cause  explosions.  It  is  sug- 
gested as  desirable  that  the  "S.G.P."  or  safety  explosives  be  of  uniform 
diameter — perhaps  of  1-18  inches  (30  millimetres)— and  that  in  the  mine 
they  be  fired  from  tubes  ranging  from  1-26  to  T38  inches  (32  to  35  millimetres) 
in  diameter  instead  of  2'16  inches  (55  millimetres),  as  in  ordinary  practice. 
The  photographs  are  considered  to  show  the  desirability  of  the  "  S.G.P." 
explosives    being    frequently  overhauled.  A.R.L. 

Coal-mining  at  Anina  and  Resicza,  with  Special  Reference  to  the  Out- 
bursts of  Gas  at  the  Doman  Pit. — By  K.  A.  Weber.  Gliickauf,  1914, 
vol.  1.,  pages  659-664. 

At  Anina,  the  extensively  worked  coal-measures  are  interspersed  with 
Liassic  sandstone,  the  whole  having  a  thickness  of  525  feet  (160  metres),  about 
33  feet  (10  metres)  of  which  is  coal.  The  Lias  is  in  part  of  a  bituminous 
character,   and    contains   petroleum.        The   corresponding   seams    at   Resicza,. 
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which  have  as  yet  been  opened  out  to  a  small  extent  only,  have  a  combined 
thickness  of  about  20  feet  (6  metres).  They  are  subject  to  outbursts  of  gas 
similar  to  those  in  the  Mxrns  basin.  These  are  found  to  occur  chiefly  at 
troubles  and  other  irregularities  of  the  seams.  The  outbursts  are  guarded 
against  chiefly  by  boring  in  advance  and  letting  off  the  gas  gradually.  Also, 
the  workings  are  allowed  to  advance  into  the  coal  slowly,  so  as  to  give  the 
gas  time  to  escape.  A.R.L. 

Shots  that  Miss  Fire  in  Sinkings. — By  K.  Jentsch.  Gliickauf,  1914,  vol. 
1.,  pages  1149-1156. 

After  a  discussion  of  the  different  causes  for  the  non-ignition  of  shots, 
the  author  comes  to  the  conclusion  that  the  misses  in  a  sinking  should  not, 
in  practice,  exceed  6  per  cent.  The  larger  proportion  of  them  are  found  to 
be  due  to  mistakes  in  the  insertion  of  the  charges  and  in  the  application  of 
the  fuses.  For  the  prevention  of  misses,  he  sets  forth  that  the  gear  should 
be  in  thorough  working  order;  that  it  should  be  carefully  handled,  especially 
in  damp  shafts;  that  electrotechnical  errors  should  be  very  carefully 
avoided;  that  the  boreholes  should  be  properly  arranged:  and  that  excessive 
charges  should  be  avoided  in  the  case  of  time-fuse  shots.  He  emphasizes 
the  need  for  the  careful  marking  of  shots  that  have  missed  fire,  which  had 
better  then   be   fired  off.  A.E.L. 

Destructive  Force  and  Speed  of  Explosion  in  Modern  Explosives. — By  H. 
East.    Montanist.  Bunds.,  1914,  vol.  vi.,  pages  G01-G06. 

Explosives  are  of  two  kinds,  and  act  either  by  violent  percussion  or 
shooting,  or  by  shattering.  It  is  difficult  to  determine  their  actual  efficiency, 
because  part  of  the  energy  developed  during  disintegration  is  lost  in  radia- 
tion, and  the  shorter  the  time  of  explosion  the  less  is  the  loss  in  this  respect. 
It  is  owing  to  the  rapid  development  of  heat — in  other  words,  to  the  driving 
force  of  the  explosive — that  so  much  more  work  is  done  per  unit  of  time 
than  during  the  ordinary  process  of  combustion.  Rapidity  of  decomposition 
is  one  of  the  chief  characteristics  of  explosives,  and  forms  a  standard  of 
differentiation.  To  this  speed  of  propagation  of  energy  Messrs.  Berthelot 
and  Vieille  have  given  the  name  of  "  detonating  wave."  Thus  the  value  of 
blasting  substances  depends  on  the  amount  of  work  that  they  do  in  a  given 
time,  and  not  on  the  energy  that  they  contain.  The  writer  is  of  opinion  that 
a  truer  guide  to  the  efficiency  of  an  explosive  is  obtained  if  it  be  calculated 
according  to  its  unit  of  volume  and  not  according  to  its  unit  of  weight. 

To  the  available  quantity  of  energy  in  an  explosive,  and  its  speed  of 
development  or  propagation,  a  third  quality  must  be  added,  namely,  its 
concentration  of  energy.  It  is  these  three  combined  which  determine  its 
shattering  force.  Other  factors  to  be  taken  into  account  are  the  amount  of 
oxygen  supplied  for  combustion,  which  is  often  deficient,  and  the  proportion 
of  non-combustible  substances.  In  practice  it  has  also  been  found  that 
spherical  explosives  detonate  more  quickly  than  cylindrical.  A  handy  little 
instrument  for  measuring  their  destructive  force  has  been  brought  out  by 
the  Siemens  firm,  and  is  generally  used  in  Germany.  It  consists  of  one  or 
more  small  heavy  rams,  resting  on  a  little  copper  cylinder.  The  explosive 
to  be  tested  is  detonated  on  the  top  of  the  ram,  and  drives  it  down  on  to  the 
cylinder,  the  extent  to  which  the  latter  is  defaced  showing  the  strength  of 
the  explosive.  E.M.D. 
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Explosives  used  for  Blasting  in  Coal-mines. — By  J.  Recktenwald.    Berg-  u. 
Hutt.  Bunds.,  1914,  vol.  x.,  pages  103-107  and  116-121. 

The  efficiency  of  explosives  is  determined  by  the  amount  of  heat  evolved 
during  combustion,  and  by  the  speed  of  explosion.  This  heat  is  propagated 
in  two  ways.  Some  explosives,  such  as  black  powder,  act  by  more  or  less 
rapid  combustion;  others,  such  as  dynamite  and  fulminate  of  mercury,  have  a 
violently  destructive  effect,  and  shatter  the  rock  with  which  they  come  into 
contact.  For  mining  work  three  kinds  of  explosives  are  used,  namely,  gun- 
powder, dynamite,  and  the  so-called  "  safety "  explosives  (none  of  which, 
however,  are  perfectly  safe).  The  blasting  effect  of  gunpowder  increases  with 
its  proportion  of  saltpetre ;  nitrate  of  soda,  which  is  cheaper,  is  sometimes 
substituted  for  the  latter.  Nitroglycerine,  produced  by  the  action  of  nitric 
acid  on  glycerine,  is  the  most  dangerous  of  explosives,  and  forms  the  chief 
constituent  of  the  various  kinds  of  dynamite  used  for  blasting  in  mines.  A 
mixture,  very  susceptible  to  damp,  consists  of  75  per  cent,  of  nitroglycerine 
and  25  per  cent,  of  infusorial  earth.  For  ordinary  use  guncotton  is  too 
expensive,  but  collodion-wool,  which  resists  damp,  may  be  substituted  for  it. 

The  writer  recommends  a  mixture  of  62'5  per  cent,  of  nitroglycerine,  2"5 
per  cent,  of  collodion-wool,  and  255  per  cent,  of  nitrate  of  soda,  the  remain- 
der being  infusorial  earth.  This  mixture  is  efficient,  easy  to  handle, 
and  gives  an  explosion  temperature  of  5,400°  Fahr.  (2,984°  Cent.).  In  the 
case  of  all  these  explosives  the  danger  of  firing  the  mine  gas  is  present.  In 
safety  explosives  the  speed  of  explosion  is  slower,  and  they  have  given  good 
results  when  tested  in  mine  areas  containing  8  to  9  per  cent,  of  methane. 
Their  effect  is  greater  when  fired  in  the  open  air  than  in  boreholes,  where 
most  of  the  energy  is  exerted  on  the  surrounding  rock ;  hence  the  smaller 
the  borehole  the  greater  the  factor  of  safety.  The  chief  constituent  of 
safety  explosives  is  saltpetre  combined  with  ammonia,  but  the  compound  is 
difficult  to  ignite.  A  composition  containing  37"3  per  cent,  of  it,  together 
with  28  per  ecnt.  of  nitroglycerine,  4  per  cent,  of  meal,  0'7  per  cent,  of 
collodion-wool,  19  per  cent,  of  rock-salt,  and  11  per  cent,  of  toluol  is  described 
by  the  writer.  He  also  gives  details  of  the  making  and  arrangement  of  bore- 
holes, and  of  the  various  capsules  and  fuses  in  use.  E.M.D. 

New    Appliance    for    Current-testing:    and    Shot-firing    in    Mines. — By    P. 

Dobbelstein.     Gliickauf,  1914,  vol.  1.,  pages  134-136. 

The  author  describes  an  instrument  in  use  in  the  Massen,  Graf  Schwerin, 
and  Frohliche  Morgensonne  Collieries  for  shot-firing,  in  the  use  of  which 
first  the  resistance  of  the  igniting  installation,  then  the  strength  and  volt- 
age of  the  main  current  can  be  read  off  before  the  ignition-battery  is  switched 
on.     The  apparatus  is  stated  to  have  given  satisfaction  in  actual  work. 

A.R.L. 

Connexion     between     Mine-gas     Explosions    and     Earthquakes. — By     Dr. 

G.  von  deb  Borne.     Zeitschr.  ties  Oberschl.  Berg-  u.  Hiitt.   Ver.,  1914, 
pages  101-104. 

On  January  30th,  1914,  at  7  p.m.  an  explosion  of  firedamp  took  place  at 
Achenbach  (Silesia).  At  4'55  a.m.  on  the  same  day  a  slight  earthquake  had 
been  recorded  at  the  observatory  at  Kriefern,  near  Breslau,  of  which  the 
writer  is  the  director.  Starting  from  this  premiss,  he  endeavoured,  by  col- 
lating a  large  number  of  data,  to  determine  whether  any  connexion  existed 
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between  the  two  phenomena,  his  observations  extending  over  four  years 
(1908-1911).  The  object  of  the  research  was  t.»  ascertain  whether  for  a  definite 
period— say,  a  year— on  days  when  earth-movements  of  any  intensity  were 
recorded  at  the  seismological  observatories,  special  danger  from  mine  explo- 
sions was  to  be  apprehended.  A  careful  examination  of  the  available  statis- 
tics convinced  him  that  no  such  direct  connexion  existed.  A  striking  fact 
was  that  the  great  earthquake  at  Messina  does  not  appear  to  have  been  pre- 
ceded or  followed  by  any  explosions  of  firedamp.  The  writer  is,  however,  of 
opinion  that  firedamp  may  conceivably  be  liberated  in  mines  by  earthquakes, 
and  thus  augment  the  proportion  contained  in  pit  gases.  Such  an  increase' 
although  not  shown  in  mining  stat  istics,  would  certainly  add  to  the  danger 
of  explosions.  As  the  proportion  of  methane  contained  in  the  upcast  is  fre- 
quently tested  in  many  mines,  it  would  be  easy  to  verify  this  supposition. 

E.M.D. 

Accidents  caused  by  the  Escape  of  Carbon  Dioxide  in  Coal-mines.— By 
B.  Wbbne.  Zeitschr.  f.  ling-,  Hiitt.-  u.  Salinenwes,  1914.  vol.  lxii., 
pages  3-87. 

The  mines  in  which  these  accidents  occurred  lie  between  Waldenburg 
and  Xeurode,  north-east  of  the  Lower  Silesian  and  Bohemian  coalfields. 
There  are  four  mines  which  have  suffered  thus,  from  1894  to  the  present  time. 
The  coal  mined  is  bright  coal,  with  about  85  per  cent,  of  carbon,  5  per  cent. 
of  hydrogen,  and  10  per  cent,  of  oxygen.  At  Altwasser  the  presence  of 
carbon  dioxide  is  shown  in  the  mineral  springs,  which  are  highly  impreg- 
nated with  it.  small  jets  of  the  gas  escaping  continuously  since  1910;  in  the 
considerable  percentage  found  when  analysing  the  upcast;  and  in  outbursts  of 
the  gas  at  different  times  during  blasting  operations.  These  escapes  of  gas 
cause  apprehension  only  when  carbon  dioxide  has  already  been  perceived  at 
the  mouth  of  the  borehole.  They  have  been  known  to  force  out  the  tamping 
of  a  borehole  nearly  10  feet  deep,  and  to  bring  down  40  to  50  tons  of  coal. 
From  time  to  time  they  have  caused  loss  of  life,  several  miners  having  been 
suffocated.  A  curious  phenomenon  is  that  an  escape  of  carbon  dioxide  immedi- 
ately lowers  the  temperature  of  the  surrounding  coal. 

Similar  outbreaks  have  been  noted  in  the  coalfields  of  the  Gard,  Southern 
France,  650  feet  above  sea-level.  On  one  occasion  the  escape  of  carbon 
dioxide  took  place  40  feet  from  the  blasting  operations.  Another  in  1896 
caused  the  death  of  twenty-four  men,  and  in  a  third,  where  there  was  also 
an  explosion  of  firedamp,  sixteen  men  lost  their  lives.  Other  accidents  have 
occurred  at  Marienberg  in  the  Ostrau  coalfields  in  -Moravia,  near  the  source 
of  the  river  Oder,  and  have  also  been  attended   with    loss  of  life. 

E.M.D. 

Accident  caused   in  an   Iron-ore  Mine   by  Carbon-monoxide   Poisoning.— 

By  — Kobrich.     Zeitschr.  f.  Berg-,  Hull.-  u.  Salinenwes,  1914,  vol.  lxii., 
pages  171-175. 

A  singular  accident,  in  which  four  people  were  killed,  took  place  at 
Ober-Bosbach  in  Hes.se  on  June  1st,  1913.  The  mine  is  worked  for  brown 
iron-ore  or  limonite.  In  the  previous  February  an  eruption  of  water  into 
the  mine  had  flooded  the  levels,  and  destroyed  the  ordinary  ventilation.  The 
air  was  rendered  foul  by  the  fall  of  the  goaf,  and  by  the' damp  and  rotting 
woodwork.     The  shaft  in  which  it  became  necessary  to  re-establish  ventilation 
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was  cased  in  iron,  and  very  narrow,  measuring  4  feet  by  3J  feet,  and  the  ore 
was  brought  to  the  surface  in  small  tubs  or  barrels. 

Before  the  workmen  were  sent  down,  the  air-current  was  heated  by  a  fire 
kindled  at  the  bottom  of  the  shaft  in  an  old  barrel,  and  combustion  stimu- 
lated at  first  by  compressed  oxygen.  Recourse  was  also  had  to  a  hand  fan 
two  hours  before  the  workmen  descended,  but  this  was  not  continued  for 
long.  After  the  air  had  been  tested  at  the  bottom  of  the  shaft  with  a  lamp, 
four  men  were  successively  lowered,  all  of  whom  were  at  once  asphyxiated. 
I  lie  mine  was  uot  provided  with  a  rescue-apparatus  of  its  own,  but  after  some 
delay  a  Drager  apparatus  was  procured.  The  cause  of  the  accident  was 
then  investigated  with  much  difficulty,  the  deadly  air  at  the  bottom  of  the 
shaft  being  almost  instantly  fatal  to  unprotected  workers.  The  fatality  was 
traced  to  the  action  of  the  furnace.  The  compressed  oxygen  used  to  start  it 
had  been  immediately  exhausted.  Combustion  then  languished,  the  deep 
funnel-like  shaft  being  too  narrow  to  supply  sufficient  downdraught,  and  to 
this  was  added  the  effect  of  the  rapid  cooling  of  the  iron  casing.  The 
draught  caused  by  the  intermittent  action  of  the  fan  intensified  the  evil, 
because,  instead  of  clearing  the  shaft  of  the  products  of  combustion,  it  drove 
down  the  carbon  dioxide,  which,  when  the  fan  stopped,  sank  to  the  bottom, 
and  was  converted  into  carbon  monoxide.  E.M.D. 

Calculation  of   Depressions   in  the  Airways  of  the   Hannover  I.    II.    Pit. — ■ 

By  F.  Weiss.  Gliickaiif,  1914,  vol.  1.,  pages  924-927. 
The  author  discusses  the  effect  of  width  of  the  air-passage  on  the  baro- 
metric depression  of  the  air,  and  evolves  a  mathematical  method  by  which 
it  can  be  determined  in  any  given  case.  He  shows  that  it  may  be  possible, 
by  an  increase  of  the  sectional  area  of  a  passage,  to  improve  the  ventilation, 
and  under  certain  conditions  to  effect  economics  in  the  working  of  the  ventila- 
ting apparatus.  A.R.L. 

Rare  Gas  Components  of  Mine  Gas. — By  C.  MouREtr  and  A.  Lepape.  Ann. 
Mims  Paris,  1914,  series  11,  vol.  v.,  pages  339-437. 
The  rare  gases,  helium,  neou,  argon,  krypton,  and  xenon,  as  found  in 
mine  gas,  have  been  studied  by  the  authors,  who  compare  the  conditions  of 
the  occurrence  of  these  rarer  gases  with  the  results  of  similar  investigations 
on  atmospheric  air,  thermal  springs,  and  volcanic  and  natural  gases.  It  is 
found  that  these  inert  gases  always  occur  together  in  relative  proportions 
that  do  not  greatly  vary,  and  that  they  are  accompanied  by  a  diluent  in  the 
form  of  the  relatively  inert  nitrogen,  to  which  they  also  preserve  a  fairly 
constant  proportion.  The  mixture  of  these  rare  inert  gases  with  the  partly 
inert  nitrogen  forms  "  crude  nitrogen."  The  part  here  played  by  the  nitro- 
gen is  compared  by  the  authors  with  that  of  helium  in  the  evolution  of 
matter,  and  is  considered  to  be  extremely  suggestive  of  natural  developments 
along  similar  lines.  The  authors  consider  it  to  be  demonstrated  that  these 
five  gases  do  not  originate  in  the  coal.  A.R.L. 

Notes    on   the    Sampling:   and    Analysis    of    Coal. — By   Abno   C.    Fieldneb. 
Technical  Paper  No.  76,  Bur.  Mines,  1914,  pages  1-61. 
These  notes  apply  particularly  to  coal  in  place  in  a  mine  or  outcrop,  and 
are    intended  to    supplement    information    already    published   by    the    United 
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States  Geological  Survey  and  the  Bureau  of   Mines.    The  following  method 
of  collecting  mine  samples  is  practised  by  the  Bureau  of  Mines:  — 

Baving  selected  a  representative  face  <>t  the  1h-<1  fco  be  sampled,  the  col- 
lector  clears  the  surface  of  burned  powder,  dirt,  <>r  Loose  coal  from  root  to 
floor,  for  a  width  of  abort  5  feet.  Insecure  pieces  of  the  root  are  also  taken 
down.  This  is  done  in  order  to  prevent  any  loose  fragments  or  foreign 
matter  from  falling  off  the  face  of  the  coal  <>n  U>  the  sampling  cloth.  In 
the  middle  of  this  cleared  area  on  the  face  the  coal  is  cut  away  with  the 
pick  from  the  roof  to  t lie  floor  for  a  width  of  1  foot  and  a  depth  of  at  least 
1  inch,  with  the  view  of  removing  any  discoloured,  altered,  or  otherwise 
inferior  coal  that  might  be  near  the  surface,  and  also  of  squaring  up  this  part 
of  the  face  in  preparation  of  the  sampling  cut.  The  Moor  is  then  cleaned 
and  smoothed,  and  a  stout  waterproof  sampling  cloth  measuring  6  by  7  feet 
i-   3pread  with  one  edge  next  to  the  coal. 

A  gross  sample  weighing  at  least  6  pounds  for  each  foot  of  the  thickness 
of  the  bed  is  then  obtained  by  making  a  perpendicular  cut  2  inches  deep  and 
6  inches  wide  (<>r  3  inches  deep  and  4  inches  wide  in  the  softer  coals)  from 
the  roof  to  the  floor  down  the  middle  of  the  foot-wide  cut  previously  made 
in  the  coal-face.  The  impurities  of  bone,  slate,  shale,  pyrite,  etc.,  are 
included  or  rejected  according  as  these  impurities  are  included  or  rejected  in 
the  ordinary  operation  of  the  mine.  Usually  partings  more  than  §  inch 
thick,  and  lenticles  or  concretions  of  "  sulphur  "  or  other  impurities  more 
than  2  inches  in  maximum  diameter  and  ^  inch  thick,  are  excluded,  if  in  the 
judgment  of  the  sampler  they  are  being  excluded  by  the  miner  from  the 
•coal  as  loaded  out  of  the  mine  or  as  shipped. 

As  soon  as  the  cutting  of  the  sample  has  been  completed,  it  is  crushed 
until  all  the  material  passes  through  a  ^-inch  screen.  Any  impurities,  such 
as  slate  (shale)  or  pyrite,  are  crushed  to  \  inch  in  diameter  or  finer.  The  gross 
sample  is  then  thoroughly  mixed  by  two  men  grasping  the  opposite  corners 
of  the  sampling  cloth  and  rolling  the  cloth  diagonally  by  raising  one  corner 
at  a  time.  The  pile  is  then  flattened  at  the  top  and  quartered,  the  two  oppo- 
site quarters  being  discarded  and  brushed  off  the  sampling  cloth.  The  re- 
mainder is  mixed  as  before,  and  if  the  sample  is  still  too  bulky  for  con- 
venient handling  it  is  again  quartered.  The  material  finally  remaining  is 
spread  into  a  circular  mass  about  2  inches  deep  on  the  sheet,  and  a  gal- 
vanized-iron  sample-can  of  a  capacity  of  about  3  pounds  is  filled  compactly 
with  parts  taken  from  various  parts  of  the  mass.  As  soon  as  the  can  has 
been  filled  and  a  descriptive  label  placed  inside,  the  can  is  screwed  on  so 
that  the  top  of  the  screw  fits  tightly  into  the  rubber  or  other  flexible 
materia]  in  the  cap;  adhesive  tape  is  then  carefully  wrapped  around  the 
lower  outer  edge  of  the  cap  in  such  a  manner  as  to  cover  the  joint  and  in- 
crease the  thoroughness  of   the  sealing. 

The  entire  operation  just  described,  from  the  cutting  of  the  sample  to 
the  sealing  of  the  can,  is  done  in  the  mine,  so  that  the  coal  may  not  be 
exposed  to  the  outside   atmosphere  and  thus   lose   moisture. 

The  method  of  sampling  prescribed  by  the  United  States  Geological 
Survey  is  essentially  the  same  as  that  used  by  the  Bureau  of  Mines,  except 
that  in  sampling  outcrops  and  prospect  holes  the  geologist  cannot  under- 
take to  reject  or  include  impurities  as  a  miner  might.  The  sample  includes 
all  partings  or  binders  less  than  |  inch  thick,  and  all  concretions  or  "sulphur 
balls"  having  a  maximum  diameter  of  less  than  2  inches  and  a  thickness  of 
less  than   \   inch.        All   other  impurities   in   the   coal-bed   are  excluded   from 
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th.  sample.  Many  of  the  Surrey's  .samples  are  collected  from  outcrops* 
prospects,  and  undeveloped  mines;  hence  an  arbitrary  and  uniform  system 
of  rejecting  impurities  has  to  be  followed. 

In  the  method  of  collecting  mine  samples,  the  gross  sample  cut  from 
the  face  is  crushed  to  pass  a  ^-inch  screen,  then  mixed  and  quartered  until 
a  3-pound  sample  is  obtained  for  mailing  to  the  laboratory.  It  is  recog- 
nized that  any  free  impurities  that  are  to  be  included  in  the  sample  must 
be  crushed  much  smaller;  otherwise  material  errors  may  be  incurred,  due  to 
the  relatively  large  proportion  that  one  or  more  pieces  of  these  impurities 
would  be  of  the  3-pound  sample.  For  instance,  a  i-inch  cube  of  pyrite 
weighs  0022  pound  and  produces  on  burning  O0143  pound  of  ash,  or  an 
amount  equivalent  to  0-48  per  cent,  of  the  3-pouud  sample.  The  inclusion  or 
exclusion  of  three  pieces  of  pyrite  of  this  size  would  vary  the  ash-content  of 
the  3-pound  sample  T44  per  cent.  Hence  the  necessity  of  crushing  all  such 
impurities  to  ^  inch  in  diameter  (as  small  as  is  practicable  with  a  portable 
apparatus)  in  order  that  they  may  be  more  uniformly  distributed  throughout 
the  sample  during  the  process  of  quartering  the  gross  sample  to  obtain  a 
3-pound  sample.  A  i-inch  cube  of  pyrite  weighs  0-0028  pound  and  produces 
on  combustion  0'0018  pound  of  ash,' which  is  006  per  cent,  of  the  3-pound 
sample.  In  quartering  a  sample  a  deviation  of  fifteen  pieces  of  pyrite  of  this 
size  from  the  true  proportion  would  vary  the  ash-content  of  the  3-pound 
sample  0'90  per  cent.  The  probability  of  a  variation  of  more  than  fifteen  pieces 
from  the  proper  proportion  in  reducing  carefully-mixed  mine  samples  seems 
remote.  To  crush  the  lumps  of  clean  coal  to  J  or  |  inch  iu  diameter  is 
unnecessary,    and   may  result    in    appreciable   loss   of    moisture. 

The  paper  deals  also  with  the  methods  of  analysis,  the  interpretation  and 
accuracy  of  analytical  results,  and  the  classification  of  coal.  A.P.A.S. 


MECHANICAL  ENGIXEERIXG,   ELECTRICITY  IX   MIXES,   ETC. 
Automatic  Couplings  for  Railway  Vehicles. — By  L.   Bochet      Ann.  Mine? 
I'd  vis,  1914,  series  11,  vol.  v.,  pages  57-123. 

In  1912,  a  competition  for  prizes  of  ^200,  =£120,  and  £80  (5,000,  3,000, 
and  2,000  francs)  resjjectively  for  the  three  best  designs  of  automatic  railway- 
vehicle  couplings  sent  in  was  instituted  by  the  French  Government.  The 
buffers  were  not  to  be  interfered  with,  and  the  twelve  conditions  laid  down 
related  to  the  coupling  and  uncoupling  of  the  vehicles  with  safety  in  prac- 
tically  all  the  situations  that  were  likely  to  arise  in  actual  work.  There 
were  345  competitors.  The  first  prize  fell  to  Messrs.  Pavia  &  Casalis,  the 
second  to  Mr.  Piedana,  and  the  third  to  Messrs.  Moyet  &  Bouvier,  while- 
eight  other  designs  received  honourable  mention  in  different  degrees.  The 
first  prize  design,  which  was  easily  the  best,  comprised  a  modification  of  the 
long  link  and  hook  of  the  ordinary  coupling.  The  lower  surface  of  the  hook, 
however,  was  so  formed  that  a  cam,  which  was  made  to  slide  along  it, 
locked  it  when  the  trucks  came  together.  The  cam  was  held  in  place  by  a 
balance-weight,  which  could  be  raised  in  order  to  release  the  coupling 
again.  The  balance-weight  was  held  fast  by  a  chain  worked  by  a  lever. 
The  ten  other  systems  described  and  illustrated,  although  not  in  all  cases 
complying  with  the  terms  of  the  competition,  were  severally  considered  to, 
show  points  of  excellence.  A.R.L. 
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Steam-turbine  with  Fottinger  Transformer  for  Rolling-mill  Work. — Stahl 
u.  Kisin.  1914,  vol.  xxxiv.,  pages  129-136. 
A    description    is    given    of    experimental    trials    made    on    the    driving 
machinery  oi  a  train  of  rolls.    The  hydraulic  properties  of  the  transformer, 

it  is  stated,  had  proved  to  be  still  more  favourable  than  previous  calcula- 
tions bad  foretold.  The  governing  of  the  mill-engine  could  be  effected  by 
au  alteration  of  the  primary  speed  of  revolution,  by  an  alteration  of  the 
blades,  or  by  a  combination  of  these  methods.  The  first-named  method  was 
found  to  be  the  simplest  and  cheapest.  A.R.L. 

Types  of  High-pressure  Circulating:  Pumps  in  Modern  Miring  Work. — 
By  Prof.  E.  Blau.  CEsterr.  Zeitschr.  /.  Berg-  u.  Huttenwes,  1914,  vol. 
lxii.,  pages  127-131  and  149-151. 

These  pumps,  which  have  now  been  built  to  work  at  very  high  pressures, 
and  under  most  difficult  conditions,  have  lately  become  of  great  importance 
for  pumping  water  from  deep-level  mines.  The  writer  describes  some  of 
the  latest  types  of  German  and  Austrian  construction.  A  four-stage  pump 
is  made  by  Jaeger,  of  Dresden,  in  which  the  pressure  is  successively  reduced 
at  each  stage,  and  the  axial  thrust  on  the  shaft  is  relieved  by  hydraulic 
means  in  various  ways.  In  some  pumps  the  pressure  is  equalized  on  each 
side  of  the  rotor;  in  others  it  is  taken  by  a  relief  disc.  The  largest  pumps 
run  at  about  1,460  revolutions  per  minute.  Another  two-to-four-stage  tur- 
bine-pump raises  247  cubic  feet  of  water  per  minute  from  a  depth  of  1,900 
feet,  and  a  twelve-stage  set  of  turbine-pumps  at  Recklinghausen  delivers  115 
cubic  feet  from  a  depth  of  2,500  feet.  Messrs.  Erhardt  &  Sehmer,  of  Saar- 
briichen,  build  horizontal  many-staged  circulating  pumps  without  separate 
ring  casings.  These  pumps  are  separately  installed,  but  are  held  together  by 
strong  bolts  running  through  from  end  to  end.  The  axial  thrust  is  taken 
by  an  automatic  hydraulic  relief-plate  on  one  side,  and  by  a  fixed  thrust- 
block  on  the  other.  When  at  work  the  water  passes  from  the  higher  to  the 
lower  pressure,  and  automatically  fills  the  gap  between  them.  The  number 
of  stages  in  the  pump  depends  on  the  depth  from  which  the  water  is  raised. 

Pumps  of  this  kind,  with  an  efficiency  of  73  per  cent.,  have  been  installed 
at  Bochum,  and  can  deal  with  the  discharge  water  down  to  the  fourth  level. 
They  deliver  1,300  gallons  per  minute,  from  a  depth  of  500  feet.  In  the 
turbine-pumps  at  the  Schwarzkopf  Works  at  Berlin,  the  rotor-drums  and 
guide-blades  are  made  of  a  special  kind  of  bronze,  and  the  moving  blades 
of  cast-iron.  The  axial  thrust  on  the  shaft  is  taken  by  a  relief  piston, 
operated  in  one  direction  by  the  water-pressure  and  in  the  other  by  atmo- 
spheric pressure.  In  an  above-ground  pumping  installation  at  the  Harpener 
Collieries,  the  turbo-generators  are  driven  partly  by  exhaust-steam  from 
the  main  winding-engine.  The  speed  varies  from  1,390  to  1,520  revolutions 
per  minute.  These  fluctuations  in  speed  are  attributed  to  the  use  of  exhaust- 
steam,  and  would  not  be  so  great  if  the  turbines  were  driven  wholly  by  live 
steam.  The  turbines  are  eleven-staged,  with  a  mechanical  efficiency  of  75  per 
cent.,  and  have  a  great  reserve  of  lifting  power.  E.M.D. 

Utilization  of  the  Waste-heat  of  Regenerative  Furnaces. — By  George  C. 
Stone.      Trans.  Amcr.  Inst.   Min.   Eng.,  1914,  vol.   xlvii.,  pages  271-178. 

There  are  at  the  plant  of  the  New  Jersey  Zinc  Company  (of  Pennsylvania) 
at  Palmerton  a  number  of  return  tubular  boilers,  each  6  feel   in  diameter  and 
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20  feet  long,  with  ninety-six  3'5-inch  tubes,  which  are  heated  by  waste-gases 
Hum  the  spelter  furnaces.  These  furnaces  have  continuous  regenerators  heat- 
ing the  air  onlv,  and  the  stack  gases  reach  the  boilers  at  a  temperature  of 
about  450°  Pahr.  The  gas-producers  for  one  of  these  furnaces  require  14 
tons  <if  anthracite,  and  the  waste-heat  from  the  furnace  gives  a  little  more 
than  42  horsepower  in  steam. 

The  boilers  are  not  well  adapted  for  the  purpose,  as  they  are  much  too 
large  for  the  amount  of  heat  going  to  them,  and  the  area  of  the  tubes  is 
not  -ufficient  to  take  the  gas  from  two  furnaces  without  causing  an  objection- 
able amount  of  back-pressure.  The  plant  was  built  without  any  idea  of  using 
waste-heat  boilers,  and  it  was  impossible  to  place  the  latter  as  close  to  the 
furnaces  as  they  should  be.  Furnace  and  boiler  are  connected  by  an  under- 
ground brick-flue,  in  wilich  the  temperature  of  the  gas  drops  about  100° 
Pahr.,  losing  40  per  cent,  of  its  available  heat.  If  the  boilers  were  close 
to  the  furnaces,  the  horsepower  of  each  would  be  70  instead  of  42.  Even 
under  these  unfavourable  conditions  the  boilers  have  been  very  advantageousj 
as  one  boiler  easily  supplies  the  steam  necessary  for  two  batteries  of  pro- 
ducers. With  such  low  gas-temperatures  the  heating-surface  of  the  boilers 
is,  of  course,  not  as  efficient,  and  the  flue-areas  need  to  be  considerably  larger 
than  for  coal-firing. 

It  has  been  found  that,  under  these  conditions,  with  gases  at  450°  Fahr., 
about  3  horsepower  can  be  obtained  for  each  ton  of  coal  gasified,  and  that 
this  amount  is  increased  or  decreased  by  1  horsepower  for  a  variation  of  50° 
Fahr.  in  the  temperature  of  the  gas  entering  the  boiler-setting.  In  Ger- 
many similar  furnaces  fired  with  gas  from  bituminous  coal  have  given  rather 
better  results,  as  they  were  equipped  with  especially-designed  water-tube 
boilers.  Both  in  the  United  States  and  in  Germany  the  use  of  the  boilers 
has  had  no  visible  effect  on  the  working  of  the  furnaces.  A.P.A.S. 

Hand-firing:       Soft       Coal       Under       Power-plant       Boilers. — By       Henry 
Kreisinger.     Technical  Paper  No.  80,  Bur.  Mines,  1915,  pages  1-83. 

This  report  contains  descriptions  of  methods  of  firing  soft  coal  under 
power-plant  boilers  and  of  methods  of  handling  fires,  so  as  to  produce  the 
least  smoke  and  to  obtain  the  most  heat  from  the  fuel.  These  descriptions 
are  followed  by  discussions  of  the  process  of  combustion  and  of  the  princijml 
losses  of  heat  in  an  average  power-plant.  The  methods  described  have  been 
tested  in  many  plants  by  the  writer  when  he  was  employed  as  a  fuel  engineer 
by  a  large  coal  company.  The  descriptions  and  discussions  are  so  arranged 
that  each  chapter  is  a  complete  unit,  and  can  be  read  by  itself. 

The  paper  deals  with  questions  relating  to  the  placing  of  the  coal  on 
the  fuel-bed  ;  the  frequency  of  firing  and  the  amount  of  coal  to  be  fired  at  one 
time;  the  regulation  of  the  draught;  the  thickness  of  the  fuel-bed;  the 
cleaning  of  fires;  clinkering;  the  burning  of  coal  containing  much  slack;  the 
combustion  of  coal ;  the  burning  of  smoky  coal  without  smoke  in  a  hand- 
fired  furnace;  losses  in  power  generation  in  steam-plants;  the  steaming 
value  of  coal  as  shown  by  calorimetric  determination;  and  the  care  of  boilers. 
The  paper  is  copiously  illustrated.  A.P.A.S. 

nameless     Surface-combustion     for    Boiler-firing:. — By     O.     Dobbelstein. 
' '■'//< rkati f,  1915,  vol.  1.,  pages  525-536. 
The   author   gives   the   results   of   two    series   of   experimental   trials   with 
the  Schnabel-Bone  system  of  boiler-firing  with  flameless  surface-combustion, 
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the  fuel  in  tin-  one  case  consisting  of  coke-oven  gas  and  in  the  other  of  tar- 
oil.  In  the  first  case,  about  12-4  pounds  per  square  foot  (GO  kilogrammes  per 
square  metre)  of  beating  surface  was  attained  with  an  efficiency  of  about  89 
per  cent.  In  the  second  ease,  a  performance  of  -4  7  pounds  per  square  foot 
1 1  jo  kilogrammes  per  square  metre)  was  attained  with  an  efficiency  of  82  per 
cent.  In  the  forms  tried,  neither  of  the  experimental  boilers  showed  itself 
fitted  for  continuous  working.  A.R.L. 

Underground  Mechanical  Switch  Arrangements  at  the  Auguste-Victoria 
Colliery  and  at  the  Saturn  Pit. — By  O.  Dobbei.stein.     Gluckauf,  1914, 
vol.  1.,  pages  339-343. 
In  view  of  the  increasing  danger  and  loss  of  time  arising  from  the  work- 
ing of  the   intricate    system    of   switches  for   underground    locomotive    work, 
recourse  has  been  taken  at  the  above  pits  to  a  system  by  which  switches  and 
signals  are  worked  from  a  central  station.     The  switches  are  worked  by  com- 
pressed air  by  the  aid   of  cylinders,  the  piston-rods  of  which   stand  in   con- 
nexion with  the  points.       At  the  Saturn  Pit,  the  system  is  further  extended 
by  a  system  of  light   signals,  which,  among  other  things,  indicate  the  pass- 
ing of  engines  with  full   and  with  empty  trains  respectively.  A.R.L. 

Explosion    of    an    Internally-fired    Boiler. — By    V.    Firket.        Ann.    Mines 
Belgique,  1914,  vol.  xix.,  pages  401-431. 

The  boiler  in  question  was  horizontal,  fitted  with  two  furnaces,  one  of 
which  collapsed.  The  deformed  plates  showed  signs  of  corrosion,  which  was 
the  subject  of  the  author's  investigation.  It  was  found  that  the  water  sup- 
plied to  the  boiler  was  in  a  marked  degree  acidulous.  Since  1902  about  00242 
per  cent,  of  soda  had  been  introduced  into  the  cistern  per  day,  and  this  is 
thought  to  have  produced  a  progressive  concentration  of  soluble  salts  that 
were  being  continuously  carried  in  by  the  feed-water.  After  the  accident,  a 
thick  crust  of  white  saline  matter  was  found,  and  a  liquid  in  the  bottom  of 
the  boiler  proved  to  be  a  solution  almost  saturated  with  saline  matter. 
Crystals  of  sulphate  of  lime  adhered  to  the  plates  of  the  boiler.  It  is 
pointed  out  that  oxygen  introduced  into  the  feed-water  transforms  the 
ferrous  salts  into  the  ferric  state,  and  in  the  case  in  question  a  ferric-hydrate 
precipitation  was  produced  in  the  alkaline  solution.  Mr.  Firket  cites  papers 
by  Kammerer  and  by  Prof.  Burgess  showing  how  such  conditions  produce 
corrosion,  and  appends  a  translation  of  a  paper  read  before  the  electric 
section  of  the  Western  Society  of  Engineers  by  Prof.  Burgess  on  "  Corrosion 
of  Boilers  considered  as  an  Electro-chemical  Action."  The  author  proposes 
to  continue  his  investigations,  and  to  make  a  further  report  on  the  results. 

A.R.L. 


Explosions  of  Boilers  of  Hot-water  Installations. — By  —  Defline.  Ann. 
Minis  Paris,  1914,  series  11,  vol.  v.,  pages  439-461. 
The  author  gives  particulars  of  three  accidents  with  the  boilers  of  thermo- 
siphon  installations,  two  of  which  have  occurred  at  sea  and  one  on  land, 
within  recent  years.  Water  in  boilers  at  the  basement  in  each  case  circu- 
lated through  an  expansion-tank  at  the  highest  point  of  the  installation  by 
means  of  a  rising  hot-water  main  and  a  system  ot  pipes  leading  down  again 
with  branches  led  to  baths  and  douches  at  the  different  decks  or  floors.     The 
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system  was  in  each  case  provided  with  a  number  of  stopcocks  for  the 
shutting-off  of  parts  of  the  installation  to  effect  repairs  or  otherwise,  but  was 
without  safety-valves.  The  explosions  were  caused  by  mistakes  made  with 
the  cocks.  Mr.  Defline  shows  that  ordinary  safety-valves,  to  which  objection 
is  made  on  account  of  leakage,  can  be  replaced  by  mercury  safety-valves  on 
the  Guignet  system.  He  discusses  other  safety-devices,  such  as  manometers, 
steam-escape  pipes,  weak  films,  fusible  plugs,  and  three-way  cocks,  and  their 
respective  objections,  and  in  conclusion  suggests  a  strengthening  of  the 
boilers  themselves  and  the  employment  of  such  safety-devices  as  may  be 
found  adapted  to  the  local  circumstances  in  each  case.  A.R.L. 

Electric    Aerial    Railways    in    German    Mining-    Districts. — By    — ■   Wintee- 
meyeb.     Der  Bergban,  1914,  vol.  xxvii.,  pages  213-215  and  238-241. 

Surface  mechanical  haulage  in  mining  work  is  of  two  kinds,  and  minerals 
are  usually  conveyed  either  by  endless  rope  of  by  electric  haulage.  The  former 
system  is  chiefly  useful  where  delivery  is  required  at  a  considerable  distance, 
in  large  quantities,  and  over  ground  offering  many  surface  inequalities,  the 
load  having  to  be  carried  over  valleys,  railways,  and  even  towns.  Rope 
haulage  is  also  not  affected  by  weather  conditions,  and  slight  gradients  can 
be  easily  surmounted  automatically,  and  without  risk.  In  a  mine  in  Ger- 
many 200  tons  of  waste  or  goaf  are  transported  per  hour  over  a  distance  of  2^ 
miles  (4  kilometres).  For  short  distances,  for  transporting  materials  above 
ground  from  one  part  of  a  mine  to  another,  electric  haulage  is  now  much 
used.  The  writer  claims  for  it  a  small  consumption  of  energy  at  a  low  cost,. 
adaptability,  and  high  efficiency. 

The  usual  system  in  Germany  is  to  have  one  or  more  cars  running  on 
elevated  rails,  carrying  the  cage  and  an  electro-motor.  The  action  is  either 
self-contained  or  the  current  is  transmitted  from  a  distance,  and  the  haulage 
is  of  two  kinds,  with  or  without  elevators.  In  the  Bleichert  system  the  cars 
are  driven  by  a  direct-current  motor ;  the  speed  is  about  200  feet  (60  metres) 
per  minute,  and  the  power  required  varies  from  I  to  2  horsepower  according 
to  the  load ;  the  steering  gear  is  automatic.  Electric  haulage  is  worked  in 
Germany  on  the  block  system,  and  each  car  switches  off  the  current  in  the 
section  through  which  it  has  just  passed,  until  the  line  is  clear.  For  surmount- 
ing gradients,  separate  electrically-driven  endless  ropeways  are  interspersed  at 
intervals,  to  which  the  cars  are  automatically  coupled  and  uncoupled,  as  re- 
quired. Where  there  are  great  differences  of  level,  an  electric  elevator  is 
used.  Efforts  have  been  made  of  late  years  to  reduce  the  number  of  inter- 
mediate stages,  and  to  counteract  the  swaying  of  the  cars.  The  writer 
describes  various  types  used  in  Germany,  some  to  collect  and  store  the  coal 
for  local  consumption,  others  to  supply  fuel  for  the  boilers  and  coal-dust  for 
the  superheaters.  E.M.D. 

Reliability  of  the  Electric-acoustic  Signalling:  Arrangements  in  Mines. — 

By  H.  Klivee.     Gliickauf,  1914,  vol.  1.,  pages  128-134. 

Repeated  failures  of  electric  apparatus  to  transmit  the  signals  required 
of  them  had  induced  the  author  to  make  a  methodical  examination  into  the 
working  of  such  systems  in  different  mines,  and  into  the  causes  of  the  failures 
that  here  and  there  occurred.  The  result  reached  by  him  was  that  the 
working  of  such  apparatus  was,  in  general,  satisfactory,  and  that  the  failures 
that  occurred  were  for  the  most  part  due  to  faulty  installation.     He  points 
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<>ut  that  all  such  installations  should  be  made  waterproof  and  dustproof,  and 
that  the  use  of  chemical  elements  should  be  avoided.  Further,  he  pleads  for 
careful  attention  to  a  number  of  electrotechnical  rules.  A.R.L. 

Accidents    caused    in    Mines    by   the    Use    of    Electricity. — By    J.    LiEBERT. 
Inn.  Minis  Belgique,  1914,  vol.  xix.,  pages  307-348. 

Alter  giving  particulars  of  thirty-two  fatal  accidents  with  electric  appara- 
tus, the  author  proceeds  to  investigate  their  causes.  Thirty  took  place  with 
three-phase  current  of  voltages  varying  from  130  to  6,500.  In  only  two  cases 
was  continuous  current  in  question,  the  voltage  being  about  500.  In  most  of 
the  cases  the  voltage  was  below  500.  The  general  conclusions  arrived  at  are 
that  the  popular  belief  that  weak  currents  are  harmless  is  a  mistaken  one, 
and  that  currents  passing  transversely  through  the  human  body,  so  that  the 
action  of  the  heart  is  suspended,  are  particularly  dangerous.  Stress  is  laid 
on  the  recommendation  that  installations  should  be  inspected  very  sharply 
and  at  frequent  intervals.  It  is  pointed  out  that  careful  study  of  the  regu- 
lations by  men  in  charge  of  installations  would,  in  many  cases,  have  pre- 
vented the  occurrence  of  accidents.  The  author  pleads  for  the  very  careful 
conduct  of  inquests,  so  that  causes  may  be  ascertained  and  guarded  against 
in  future.  In  particular,  he  considers,  report  should  be  made  as  to  whether 
the  neutral  points  of  the  three-phase  installations  in  question  had  been 
insulated  or  earthed.  He  points  out  that  the  medical  reports  are  sometimes 
insufficient.  They  should,  he  maintains,  mention  any  indications  that  there 
may  be  of  burning,  and  state  whether  the  current  passed  across  the  body. 
Further,  attention  should  be  given  to  the  hands  of  the  victims  and  to  the 
question  of  protecting  them,  as  also  to  their  shoes  and  to  the  floorings  on 
which  thev  rested.  A.R.L. 


METALLURGY,   CHEMICAL  INDUSTRIES,   ETC. 

Ore-dressingr    by    the    Siebel-Freygangr    Method    in    the    Upper    Hessian 
Mines. — By  C.  Kobrich.     Gltickauf,  1914,  vol.  I.,  pages  481-485. 

The  Preygang  apparatus,  which  is  applied  by  the  Siebel-Freygang  firm 
in  place  of  the  ordinary  ore-washing  plant,  consists  in  the  main  of  a  slanting 
iron  tube  enclosing  a  worm.  Drenched  material,  introduced  at  the  lower 
end  of  the  tube,  is  driven  towards  the  upper  end  by  the  worm.  At  rather 
less  than  half  length  of  this  main  tube,  a  smaller  tube,  provided  with  overflow 
holes,  branches  off  at  right-angles  to  its  upper  side.  The  top  of  the  branch 
is  below  the  top  of  the  main  tube,  and  the  overflow  holes  can  be  closed  to 
any  desired  extent.  The  material  can  then  be  washed  as  much  as  is  neces- 
sary at  the  lower  end  of  the  tube,  and  leaves  the  upper  end  freed  of  the 
waer.  If  necessary,  the  material  can  be  put  through  two  such  appliances  in 
succession,  or  it  may  be  previously  broken  up  in  a  mill.  Examples  are  given 
of  the  application  of  the  system  at  several  works  in  which  it  has  given  satis- 
faction. A.R.L. 

Murex    Process   for   Separating   Ores. — By   W.    Witter.      (Esterr.   Zeitschr. 
f.  lUrg-  u.  Hiittcnu-es.,  1014,  vol.  lxii.,  pages  43-45. 

This  is  a  new  process  for  separating  various  metals  from  their  ores  in 
cases  where  separation  by   water  or  by  gravity  is   not  possible,  or  does  not 
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suffice.  It  rests  on  the  principle  that  when  crude  oil,  petroleum-residue,, 
and  creosote  are  intimately  mixed  with  crushed  ore,  they  adhere  only  to  the 
metallic  portions,  leaving  the  valueless  minerals  untouched.  The  oil  is 
mixed  with  a  magnetic  substance,  usually  magnetic  iron  or  pyrite,  and  forms 
a  thin  layer  over  the  metal;  the  two  can  then  be  taken  out  with  a  magnet. 
The  crushed  ore  is  mixed  with  water,  rotated  in  a  drum  with  a  small  quan- 
tity of  the  magnetized  oil,  and  brought  into  contact  with  an  electro-magnet. 
For  ores  containing  4  to  6  per  cent,  of  metal,  the  oil  required  is  0'8  per  cent, 
of  the  metal;  and  to  treat  25  tons  of  crushed  ore  7  horsepower  per  24  hours 
is  needed  to  drive  the  drum.  When  the  proportions  of  ore,  water,  and  mag- 
netized oil  have  once  been  determined,  the  process  is  automatic. 

E.M.D. 

Investigations  into  the  Formation  of  Ammonia  and  Cyanhydrogen  in 
the  Distillation  of  Coal. — By  O.  Simmeesbach.  Gliickauf,  1914,  vol.  1., 
pages  739-744. 

On  the  basis  of  scientific  inquiry  into  the  distillation  of  coal,  the  author 
comes  to  the  following  conclusions:  — 

Ammonia  for  the   most  part  forms  after  the  caking  of  the  coke  is  com- 
pleted.     It  does  so  at  a  temperature  that  is  the  same  for  every  kind  of  coal. 

The  temperature  varies  between  1,472°  and  1,652°  Fahr.  (800°  and  900° 
Cent.),  according  to  the  percentage  of  nitrogen  combinations  in  the  coal. 

The  disintegration  of  the  ammonia  begins  at  1,652°  Fahr.  (900°  Cent.), 
and  increases  with  the  temperature.  The  formation  of  cyanhydrogen  increases 
with  the  quantity  of  ammonia  and  with  the  temperature. 

In  the  coking  of  coal  the  quantity  of  cyanhydrogen  accounts  for  about  1'2 
per  cent,  of  the  nitrogen  of  the  coal  and  about  5  per  cent,  of  the  ammonia. 

Steam  reduces  the  formation  of  cyanhydrogen,  but  inproves  the  yield 
of   ammonia. 

Higher  gas-velocity  restricts  the  disintegration  of  the  ammonia  and  pro- 
motes the  formation  of  cyanogen. 

The  size  of  grain  of  the  coal  does  not  affect  the  yield  of  ammonia. 

A.R.L. 

Briquettingr  of  Ore  and  Furnace-dust  with  Gas-filter  Dust  as  Cement — 
By  O.  Kippe.  Stahl  u.  Eisen,  1914,  vol.  xxxiv.,  pages  1164-1165. 

Gas-filter  dust,  which  is  a  cheap  bye-product  of  the  blast-furnace  ob- 
tained in  the  process  of  dry-gas  purification,  has  been  subjected  to  a  series  of 
experiments,  in  order  to  test  its  value  as  a  cement  for  briquettes.  An  addition 
was  made  to  the  ore  of  from  5  to  10  per  cent,  of  filter-dust,  and  the  resulting 
compound  was  formed  into  briquettes,  which  were  then  hardened  in  so-called 
"  hardening  stoves  "  for  a  period  of  from  6  to  10  hours  under  a  pressure  of 
from  7  to  10  atmospheres.  Experimental  tests  showed  them  to  be  sufficiently 
strong  for  the  purpose  intended.  The  writer  gives  the  results  of  some  of  these 
made  with  the  material  heated  up  to  from  570°  to  750°  Fahr.  (300°  to  400° 
Cent.),  and  of  others  in  which  the  temperature  was  increased  to  1,830°  and 
2,010°  Fahr.  (1,000°  and  1,100°  Cent.).  When  thus  heated,  the  briquettes  did 
not  fall  to  pieces,  as  in  the  case  of  those  bound  by  some  other  cements,  but 
were  found  to  have  become  stronger.  The  porosity  also  of  the  briquettes  was 
measured,  and  was  found  to  have  a  mean  value  of  about  108°  Fahr.  (42°  Cent.). 
A-  ,i  further  experiment,  an  addition  of  from  i  to  1  per  cent,  of  lime  was  made- 
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to  the  gas-filter  dust.     With  tlii-  cement,  the  briquettes  were  found  to  be 
still   stronger.  A.R.L. 

Standards  for  Tests  of  Gas-producers. — Anon.  Stahl  it.  Eiscn,  1914,  vol. 
xxxiv.,    pages   236-238. 

In  order  to  promote  uniformity  in  the  testing  of  gas-producers,  the  Steel- 
works Committee  of  the  Association  of  German  Metallurgists  in  1912  instituted 
enquiries  at  the  different  works  as  to  the  procedure  employed  by  them.  On 
the  basis  of  the  reports  sent  in  they  formulated  a  standard  method  of  testing 
the  producers,  and  recommended  it  for  general  use  in  the  trade.  The  heads 
of  this  are  given  in  tabular  form,  and  include  particulars  of  type  of  producer, 
fuel,  amount  of  ash,  gas  used,  efficiency,  power  required,  etc.,  and  a  series  of 
formulae  are  given  for  rapidly  calculating  the  most  important  values  from 
the  readings   taken.  A.R.L. 

Investigations  into  the  Working:  of  the  Dry-gas  Purifying  Plant  of  the 
Halberg  Works. — By  F.  Mayer.  Stahl  u.  Eiscn,  1914,  vol.  xxxiv..  pages 
225-231. 

The  writer  gives  the  results  of  investigations  made  by  him  into  the 
working  of  the  above  plant,  which  is  intended  for  a  normal  hourly  output  of 
635,000  cubic  feet  (18,000  cubic  metres)  of  gas  at  a  temperature  of  32°  Fahr. 
(0°  Cent.).  The  plant  consists  in  the  main  of  a  cooler,  a  heater,  a  filtering- 
tank,  and  a  ventilator.  The  power  required  was  66"8  horsepower  for 
825,000  cubic  feet  (23,300  cubic  metres),  the  output  at  the  experimental  trials. 

A.R.L. 


Separation   and    Briquetting   of    Iron-ore    in   Scandinavia. — By   A.    Beiel- 
stein.     Stahl  n.  Eiscn,  1914,  vol.  xxxiv.,  pages  41-46  and  100-105. 

In  the  form  of  a  communication  of  the  doings  of  the  Blast-furnace  Com- 
mittee of  the  Association  of  German  Metallurgists,  the  writer  gives  a  review 
of  the  ore-separation  practice  of  Scandinavia.  The  principal  point  brought 
out  is  the  introduction  of  a  wet  system  of  enrichment  of  the  poorer  ores  and  of 
their  manufacture  into  good  briquettes.  This  is  considered  to  have  greatly 
assisted  the  development  of  the  industry.  The  Swedish  output  of  briquettes 
has  risen  from  57,000  tons  in  1906  to  288,553  tons  in  1912.  A.R.L. 


Winning  of  the  Bye-products  from  Generator  Gases  in  the  Metallurgical 
Industry. — By  O.  Wolff.  Stahl  u.  Eisen,  1914,  vol.  xxxiv.,  pages 
473-480  and  579-585. 

The  writer  shows  that  the  market  for  sulphate  of  ammonia  is  very 
extensive  and  the  opening  for  this  product  very  good,  despite  various  forms 
of  competition.  He  traces  the  history  of  the  utilization  of  bye-products  from 
generator-gas,  and  emphasizes  the  fact  that  economical  use  of  the  heat  is 
the  basis  of  success  of  plant  of  this  kind.  He  states  that  1  cubic  foot  of 
generator-gas,  which  usually  costs  000127d.  (1  cubic  metre,  0'38  pfennig),  can 
be  produced  by  a  suitable  plant  for  about  00006d.  (018  pfennig),  and  that  in 
gas-engines  1  kilowatt  per  hour  can  be  produced  for  about  012d.  (1  pfennig). 

A.R.L. 
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Mixing  Plants  for  Coking  Coals. — By  F.  Korten  Stahl  u.  Eisen,  1914, 
vol.  xxxiv.,  pages  269-274. 
In  a  communication  from  the  Coking  Committee  of  the  Association  of 
German  Metallurgists  the  author  observes  that  the  increase  of  the  steel- 
production  has  also  increased  the  requirements  as  regards  coke,  and  that  the 
supply  of  fat  coal  available  is  no  longer  sufficient.  In  order  to  obtain  good 
coke  from  lean  coal,  it  becomes  necessary  to  use  furnaces  of  other  patterns  to 
crush  the  coals,  or  to  mix  them  with  richer  kinds.  Sketches  are  given  of  a 
number  of  different  mixing  plants  designed  to  meet  the  new  conditions,  and 
also  a  description  of  a  mixing  process  in  use  at  the  Concordia  Colliery,  by 
which  about  the  desired  percentage  of  addition  of  richer  coal  was  attained  in 
82  per  cent,  of  the  1,000  cases  dealt  with.  The  additions  proved  to  be  in  no 
case  less  than  22,  nor  more  than  28  per  cent.  A.E.L. 


Firing   of    Coke-ovens   with    Gas   from    Other   Sources. — By    B.    BiEBMANN. 
Stahl  u.  Eisen,  1914,  vol.  xxxiv.,  pages  620-624. 

In  view  of  the  increase  of  the  field  of  application  of  coke-oven  gas,  the 
Friedrich-Wilhelm  Hiitte  in  Mulheim-Ruhr  in  1912  laid  down  a  coking  plant 
capable  of  being  fired  either  by  its  own  gas  or  by  blast-furnace  gas.  or  partly 
by  the  one  and  partly  by  the  other  of  these.  The  results  of  firing  with  the 
much  cheaper  blast-furnace  gas  were  better  than  those  with  the  coke-oven 
gas,  and  less  dirt  and  soot  were  in  the  former  case  produced.  On  the  other 
hand,  attention  is  called  to  the  circumstance  that  when  the  blast-furnaces 
are  off,  the  supply  of  gas  from  them  fails.  The  writer  considers  that  collier- 
ie-  could  in  many  cases  use  generator-gas  profitably  as  fuel,  and  set  the  more 
valuable  coke-oven  gas  free  for  other  purposes.  He  also  gives  instances  in 
which   this   principle   has   already   been    applied.  A.R.L. 


Investigations   into  the  Temperature   Conditions   in   Coke-ovens. — By  O. 

Simmebsbach.     Stahl  u.  Eisen,  1914,  vol.  xxxiv.,  pages  954-958. 

The  writer  communicates  the  results  of  measurements  of  temperature 
made  at  the  different  parts  of  a  Koppers  coke-oven  of  dimensions  of  about  33 
feet  by  VJ\  inches  by  7  feet  8  inches  (10  by  O'o  by  23  metres)  containing  8'8 
tons  of  coal,  equivalent  to  about  62  tons  of  coke.  The  coking  process  lasted 
29  hours.  The  temperature  of  212°  Fahr.  (100°  Cent.)  lasted  longer  at  the  dis- 
charging side  than  at  the  middle  and  at  the  opposite  side,  and  complete 
evaporation  of  moisture  was  effected  three  hours  sooner — that  is  to  say,  at  the 
twelfth  hour — at  the  former  of  these  than  at  the  latter.  The  de-gasification 
of  the  coal  then  began,  accompanied  by  a  gradual  rise  of  temperatuie  up  to 
the  nineteenth  hour.  The  temperature  of  the  side  opposite  the  discharge 
remained  with  little  alteration  from  the  twentieth  to  the  twenty-fourth  hour, 
while  at  the  middle  and  at  the  discharge  side  it  continued  to  rise.  At  the 
twenty-ninth  hour  the  temperature  at  the  discharge  side  was  about  1,650° 
Fahr.  (900°  Cent.),  whereas  elsewhere  it  was  about  2,000°  Fahr.  (1,100°  Cent.). 
Since  the  coke  at  the  discharge  side  was  properly  burned  through,  the  writer 
concludes  that  an  excess  of  heat  was  applied  elsewhere.  He  gives  a  series  ">f 
diagrams  and  tables  of  heat-values,  which  he  further  analyses.        A.B.L. 
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Contribution  to  the   Heat  Technics   of  the    Koppcrs   Coke-ovens, — By   A. 
Wiu'zkk.     Qliickauj,  1914,  vol.  1..  pages  649-659  and  692-700. 

The  author  makes  a  study  of  the  teal  technics  of  the  two  kinds  of 
Keppere  coke-ovens  n<>\\  in  general  use,  and  compares  the  amount  of  heal 
expended  on  them  in  actual  practice.  Ho  finds  that,  although  they  are 
among  the  besl  in  the  market,  neither  of  them  makes  very  economical  use  of 
tlic  heal   produced.  A.R.L. 


ADMINISTRATION    AND   STATISTICS 

Prussian  National  Geological  Institution. — By  F.  Beyschlag.  Zeitschr.  /. 
prakt.  Oeologie,  1914,  vol.  xxii.,  pages  22-29. 

In  a  report  of  a  speech  delivered  by  the  author,  the  history  of  the 
above  Institution  since  its  foundation  about  43  years  ago,  and  a  general 
outline  of  its  ends  and  aims,  i-  given.  In  addition  to  the  investigation  and 
mapping-oul  of  the  geological  conditions  of  the  hills  and  plains  of  Germany, 
and  to  thr  construction  of  a  history  <>f  the  different  convulsions  in  and 
alterations  undergone  by  the  earth's  crust  within  the  country,  the  Institu- 
tion has  made  it  its  business  to  determine  the_subsoil  water-levels  and  other 
particulars  of  interest  to  agriculturists,  to  publish  handbooks,  and  to  collect 
and  arrange  specimens  obtained  at  home  and  in  the  colonies.  The  objects  of 
the  Institution  arc  stated  to  be,  not  only  the  furtherance  of  pure  science, 
but,  also  the  promotion  of  the  interests  of  the  country,  whether  as  regards 
farming,  afforestation,  mining,  or  other  branches  of  industry.  In  recent  years 
it  has  been  largely  in  request  for  advice  as  to  water  schemes  of  all  kinds, 
tunnels,  and  mining  ventures.  Within  the  last  5  years  professional  opinions 
have  been  given  out  by  it  at  the  rate  of  one  every  two  days.  It  keeps  itself 
informed  of  all  mining  operations  and  conditions,  so  as  to  be  always  ready  to 
give  advice.  Courses  of  study  are  arranged  for  mining  engineers,  teachers  of 
agriculture,  and  others,   and  considerable  advantage  is  taken  of  them. 

A.E.L. 

Aims,  Courses  of  Study,  and  Arrangement  of  the  Royal  Metallurgical 
School  of  Duisburg. — By  F  Erbeeich.  Stahl  u.  Eisen,  1914,  vol. 
xxxiv  ,  pages  174-182. 

The  above  school,  which  was  a  further  development  of  an  older  one  in 
Bochum,  was,  in  its  present  form,  founded  on  April  1st,  1894.  It  is  intended 
for  the  instruction  of  the  officials.  The  students  attending  it  have  for  t In- 
most part  had  a  previous  training  of  from  6£  to  6|  years.  The  author  gives  a 
list  of  the  subjects  taught.  In  1912,  the  cost  of  working  the  school  amounted, 
in  addition  to  the  product  of  the  fee  of  30s.  per  half  year's  course,  to  about 
A'102  (2,080  marksi,  10  per  cent,  of  this  being  borne  by  the  town  and  90  per 
cent,  by  the  State.  A  school  of  engineering  is  associated  with  it,  and  the 
two  establishment-  together  represent  a  value  of  about  £'49,000  (1,000,000 
marks).  A.R.L. 

Germany's  Winning:  and  Consumption  of  and  Foreign  Trade  in  Coal  in 
1913.— By  E.  JuNGST.  Oluckauf,  1914.  vol.  ].,  pages  490-501  and 
544-549. 

The  German  output  for  1913  is  given  as  191*5  million  tons  of  coal  and 
87'5  million  tons  of  lignite.     The  consumption  of  coal,  whether  in  the  crude 
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state  <>r  in  the  state  of  coke  or  briquettes,  was  158  million  tons.  The  con- 
sumption per  head  of  population  for  1912  is  shown  to  be  as  follows:  — 
For  the  United  States,  4'89  tons;  Great  Britain,  3'89  tous;  and  Germany, 
3'51  tons;  Belgium  and  Canada  coming  next  at  a  not  mucb  smaller  rate. 
If  lignite  were  reckoned  at  half  the  heating  value  of  coal,  tbe  German  figures 
would  have  to  be  reduced  to  about  2'85  tons.  Germany's  imports  and  exports 
of  coal  in  1913  were  about  717  and  19  per  cent,  of  the  consumption  of  the 
country  respectively.  The  imports  of  British  coal  in  1913  into  the  Baltic 
ports  of  Germany  were  nearly  26  million  tons,  into  the  ports  of  the  North 
Sea  about  6-24  millions,  and  into  the  inland  districts  0'364  million  tons.  About 
54'5  per  cent,  of  the  British  imports  came  from  the  Tyne  group  of  ports,  the 
East  Spottish  ports  coming  next,  with  about  285  per  cent.,  and  the  Humber 
ports  following  with  11'65  per  cent.  Of  the  coal  brought  into  Hamburg, 
61'2  per  cent,  came  from  Britain.  Dr.  Jiingst  further  analyses  the  figures  of 
the  German  output  for  1913,  and  shows  the  relative  participation  of  the 
different   districts  of  Germanv   in   the  total.  A.R.L. 


Rope  Statistics  of  the  Upper-Silesian  Zinc-ore  Mines. — By  W.  Nimptsoh. 
Gliickauf,  1914,  vol.  1.,  pages  10-14. 

A  comparison  is  here  made  of  the  conditions  of  working  and  of  the  work 
done  by  winding-ropes  before  breakage  in  the  Bonn  ore-mines,  the  Breslau 
coal-mines,  and  the  Breslau  lead  and  zinc-ore  mines.  It  appears  that  the 
Breslau  lead  and  zinc-ore  mines  are  the  shallowest,  and  with  their  lighter 
ropes  also  do  the  least  work.  The  Breslau  coal-mines  are  the  deepest,  and 
their  heavy  ropes  do  the  most  work.  The  Bonn  ropes  wind  more  often, 
and,  with  about  the  same  amount  of  total  work  performed,  remain  longer  in 
place  than  those  at  the  Breslau  mines.  The  costs  of  the  Bonn  and  Breslau 
ropes  per  unit  are  about  equal,  but  are  each  little  more  than  half  that  of 
the   coal-mine  ropes.  A.R.L. 

Suhl  Iron-mining  Industry:  Reasons  for  its  Decay,  and  Possibilities  of 
its  Resuscitation. — By  P.  Rfsswttem.  Zeitschr.  f.  prakt.  Geologie, 
1914,  vol    xxii.,  pages  273-277. 

The  town  of  Suhl,  on  the  southern  border  of  the  Thuringian  Forest,  is  said 
to  owe  its  existence  to  the  presence  of  iron-mines  worked  in  the  earlier 
centuries.  The  writer  traces  the  history  of  the  mines  through  many  vicissi- 
tudes of  war  and  other  interruptions  of  work  till  their  final  abandonment. 
Attempts  to  reopen  them  were  repeatedly  made,  and  abandoned  for  want  of 
sufficient  capital  and  on  account  of  difficulties  of  transport.  The  chances  of 
a  successful  reopening  are  considered  to  be  better  now  than  formerly. 
Although  the  more  readily  accessible  seams  have  been  worked  out,  others 
at  greater  depths  are  known  to  exist,  and  several  projects  for  the  sinking  of 
deep  shafts  have  been  formed.  The  writer  raises  a  warning  voice  against 
attempts  to  utilize  old  workings,  and  advises  that  independent  shafts  should 
be   sunk. 

As  regards  transport,  a  special  low  tariff  has  lately  been  instituted, 
by  which  it  will  be  possible  to  send  ore  to  Westphalia  and  Upper  Silesia. 

A.R.L. 
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Mining    in    the    German    Colonies    in    1912-1913. — Anon.       Gluckauf,    1914, 
vol.  1.,  pages  298-301. 

In  addition  to  the  production  of  mica,  the  mining  industry  of  German 
East  Africa  made  considerable  progress  in  the  financial  year  1912,  and  the 
dues  of  various  kinds  for  permission  to  work  minerals  were  expected  to  reach 
,£2,450  (50,000  marks).  Aboul  1,000,000  carats  (204  kilogrammes)  of  gold  and 
153,806  tone  oi  mica,  the  Latter  worth  aboul  £23,500  (481,507  marks),  were 
produced.  Pearls,  salt,  and  hones  of  fossil  animals  also  were  among  the 
products.  The  Cameroons  have  been  prospected,  bu1  minerals  worth  work- 
ing have  not  ye1  been  proved  there  in  Togoland  iron-ore  mines  worked  by 
the  native-,  represent  the  only  actual  mining,  as  distinguished  from  prospect- 
ing undertakings  in  existence.  In  German  South-West  Africa  diamond- 
mining  has  been  very  successful,  and  the  results  of  prospectings  for  gold, 
silver,  copper,  and  tin  have  given  great  encouragement.  Good  results  were 
obtained  in  diamond-mining  by  taxing  the  net  products  instead  of  the  gross 
winnings.  The  production  of  diamonds  in  1912  was  1,180,000  carats  (242,641 
grammes).  Extensive  marble  quarries  arc  being  opened,  but,  owing  to  diffi- 
culties of  transport ,  not  much  marble  has  as  y<.-\  been  forwarded.  In  German 
New  Guinea  an  expedition  to  investigate  the  prospects  of  gold-working  on  a 
large  scale  was  found  to  1h>  insufficiently  equipped,  and  further  work  was 
postponed.  Petroleum  was  discovered,  and  was  found  to  contain  a  high  per- 
centage of  heavy  oil.  From  the  island  district  138,000  tons  and  from  Angaur 
54,000  tons  of  phosphate  were  exported  in  1912.  A.R.L. 

Petroleum   Industry   in   Rumania. — By  W.   Schtjxz.      Gluckauf,  1914,  vol.   1., 

pages  161-171. 

The  author  calls  attention  to  the  rapid  development  of  the  petroleum 
industry  in  Rumania,  which  country  produced  5,010  tons  of  oil  in  1865, 
1,545,000  tons  in  1911,  and  about  1,807,000  tons  in  1912.  The  last-named  out- 
put, which  represented  an  advance  of  17  per  cent,  on  that  of  1911,  brought 
Rumania  into  the  fourth  place  amongst  the  petroleum-producing  countries 
of  the  world.  The  wells  are  on  the  slopes  of  the  Carpathians  and  on  the 
hilly  ground  between  these  and  the  Black  Sea,  and  most  of  the  oil  is  shipped 
at  the  port  of  Conatanza.  The  depths  of  the  boreholes  vary  from  330  to 
3,940  feet  (100  to  1,200  metres),  the  average  number  of  them  producing  oil  in 
recent  years  being  about  850.  The  life  of  a  well  in  the  best  district  is  about 
5  years.  Arrangements  are  being  made  for  cheap  transport  of  the  oil  by  way 
of  the  Danube  and  the  Ludwig  Danube-Main  Canal,  by  which  it  is  hoped 
that  the  Standard  oil  Company's  monopoly  can,  as  regards  Germany,  be 
broken.  The  right  of  exploitation  of  the  oil  belongs  to  the  owner-  of  the 
land.  The  State,  which  in  Rumania  is  the  largest  land-owner,  let-  its 
rights  to  exploiters  .it  a  suitable  rate,  and  in  addition  levies  a  tax  of  1  per 
cent,  on  all  oil-winnings.  A.H.L. 

Swedish  State  Contracts  with  the  Iron-mining;  Companies  of  Lapland. — 

By  1'.  Nicor.  Ann.  Mines  Paris,  1914,  vol.  vi.,  pages  5-81. 
Owing  to  a  fear  that  the  very  rich  iron-ore  mine-  of  Lapland  might  be- 
come exhausted  to  the  detriment  of  the  nation,  the  Swedish  Government  in 
1907  forbade  their  unlimited  exploitation,  but  came  to  an  agreement  with 
the  owners  concerned— the  Luossavaara-Kiirunavaara,  Gellivare,  and 
Grangesberg-Oxelo-uml  Companies-  by  which  these  should  be  allowed  to  wir 
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and  export  a  certain  number  of  tons  of  ore  per  year  on  terms  otherwise 
favourable  to  them.  This  agreement  was  further  amended  in  1908.  As  a 
result  of  fresh  borings  and  investigations,  it  was  ultimately  established  that 
the  beds  of  phosphoric  iron-ore  were  much  more  extensive  than  had  formerly 
been  supposed.  There  being  a  danger  of  newly-discovered  rich  ores  in  Chile 
and  Brazil  supplanting  the  Swedish  ones  in  the  markets  of  the  world,  a  new 
contract  was  entered  into  with  the  three  Laplandic  companies,  by  which  their 
privileges  as  regards  output  and  export  were  extended  by  gradually 
increasing  amounts,  until  in  the  years  1925-1952  they  will  be  allowed  to  win 
about  6,420,000  tons  per  annum,  or  about  40  per  cent,  more  than  under  the 
old  agreements. 

The  total  exports  of  Swedish  iron-ore  in  1913  are  given  as  under:  — 

Tons. 

Germany                5,020,932 

Great   Britain                   672,592 

America                   372,104 

Belgium                   231,647 

France        38,044 

Other  countries      19,221 


Total  6,354,540 

A.E.L. 


Mineral  Wealth  of  and  Mining  tn  Australia. — By  H.  Jtjnghann.     Gliickauf, 
1914,  vol.  1.,  pages  581-587. 

The  author  reviews  in  detail  the  resources  of  Australia,  and  finds  that 
her  mining  and  metallurgical  possibilities  are  very  considerable,  but  that 
until  the  country  is  more  extensively  opened  up  and  more  favourable  condi- 
tions of  labour  prevail  in  it,  they  will  be  available  only  in  exceptionally  good 
states   of   the   market  A.E.L. 


What  Joint-stock  Company  Enterprise  can  Effect  in  Mining-. — By  F.  Bock 
Gluckauf,  1914,  vol.  1.,  pages  14-26,  66-74,  and  100-111. 
After  a  review  of  the  mining  operations  in  Prussia  in  the  years  1893-1911, 
with  regard  in  particular  to  those  of  the  Euhr  coal-mining  district,  the 
author  comes  to  the  conclusion  that  the  increase  of  the  dividend  obtained  per 
ton  of  coal  won  within  this  period  has  been  due  very  largely  to  the  advant- 
ageous working  of  the  Syndicate.  It  is  conceded  that  technical  improve- 
ments, such  as  those  effected  in  the  manufacture  of  briquettes  and  in  the 
utilization  of  the  bye-products,  have  further  increased  the  prosperity  other- 
wise attained;  but,  after  due  allowance  has  been  made  for  such  influences, 
it  i-  shown  that  the  dividends  obtained  per  ton  of  output  have  risen  at  a 
much    higher    rate    than    the    standard    selling  prices.  A.E.L. 


Valuation  of  Mines.— By    J.  D.  Kendall.     Trans.  Can.  Min.  Inst.,  1914,  vol. 
xvii.,   pages  142-154. 

The  author  points  out  that  by  "  mines "  he  means  not  merely  a  hole  in 
the  ground  or  a  number  of  such  holes,  but  also  the  ungotten  bodies  of  mineral 
which  may  be  worked  by  holes,  or  by  extensions  or  multiplications  of  such 


DRANSACTIONS    AM)    PERIODICALS.  59 

holes.  The  throe  main  types  of  ore-deposits  are:  (1)  bed  and  bed-like  de- 
posits; (2)  vein--  and  vein-like  deposits;  and  (3)  irregularly-shaped  deposits. 
After  describing  briefly  the  main  features  of  these  deposits,  and  certain  cir- 
cumstances affecting  their  value,  the  author  states  that  the  irregularities  of 
form  and  consequent  uncertainty  of  extent,  combined  with  the  liability  to 
change  in  grade  and  mineral  character,  present  by  far  the  greatest  difficul- 
ties thai  are  encountered  in  mine  valuation.  In  probably  a  majority  of 
cases  the  major  part  of  a  deposit  that  has  to  be  valued  cannot  be  seen, 
and  very  little  is  known  about  it  in  consequence  of  the  inadequacy  of  develop- 
ment-work. In  such  circumstances  one  frequently  finds  that  valuers  with 
lively  fancies,  ignoring  the  known  irregularities  and  uncertainties  in  the  be- 
haviour of  mineral  deposits,  make  the  most  astounding  statements  as  to 
what  they  call  "ore  in  Bight,"  which,  it  i^  soon  seen,  is  nothing  more  than 
"  ore  in   imagination." 

In  view  of  the  great  uncertainty  as  to  the  extent  and  character  of  ore- 
deposits,  it  may  safely  be  asserted  that  the  "  present  value"  of  a  mine  de- 
pends almost  entirely  upon  its  "  ore  in  sight" — in  other  words,  upon  the  "ore 
blocked  out."  Beyond  that  there  is,  of  course,  "ore  probable,"  and  some 
writers  talk  of  "ore  possible."  The  present  value  of  "ore  probable  "  is  very 
uncertain,  and  varies  inversely  with  the  length  "of  time  that  must  elapse  be- 
fore it  can  be  worked.  That  is  so,  of  course,  with  all  ore,  but  in  the  case  of 
"ore  probable"  there  may  be  a  large  body  of  "ore  blocked  out"  which  has 
to  be  worked  first,  and,  therefore,  the  annuity  to  be  derived  from  the  "  ore 
probable  "  may  be  subject  to  several  years  deferment,  so  that,  after  allowing 
a  proper  amount  for  redemption  of  the  capital  sunk  in  purchase  and  develop- 
ment, as  well  as  a  rate  of  interest  to  a  purchaser  suitable  to  the  risk,  the 
presenl  value  "  may  be  very  small.  For  like  reasons  "possible  ore"  is  not 
worth  considering  in  determining  present  cash  values.  Should  the  "ore 
probable  "  prove  to  be  much  larger  than  the  estimate,  the  vendor,  who  asks 
for  immediate  cash,  probably  does  not  get  all  that  he  is  entitled  to,  but  that 
does  not   justify  such  a  method — even  from  the  purchaser's  point  of  view. 

Both  "  probable  ore  "  aud  "  possible  ore  "  are,  in  the  writer's  opinion, 
best  dealt  with  by  deferred  payments,  either  on  periodical  estimates  of  fur- 
ther quantities  blocked  out  after  the  initial  purchase,  or  by  a  royalty  per  ton 
of  ore  extracted.  Both  of  these  methods  are  perfectly  fair  to  the  vendor, 
whilst  they  prevent  the  purchaser  from  running  risks  that  are  altogether 
unnecessary,  and  are  exceedingly  dangerous — sometimes  ruinous.  If  a 
property  contains  only  20,000  tons  of  ore,  a  vendor  cannot  complain  if  he  is 
only  paid  for  20,000  tons,  although  he  may  have  based  his  selling  price  on 
500,000.  The  writer  has  known  a  mine  sold  on  a  statement  that  there  were 
"650,000  tons  of  ore  thoroughly  proved,"  and  when  41,879  tons  had  been 
worked  the  known  ore-body  in  the  property  in  question  was  practically  ex- 
hausted. The  '"thoroughly  proved"  ore  was  at  the  best  only  "ore  prob- 
able":  it    was  not  blocked  out. 

In  the  above  remarks  "ore  in  sight"  may  be  taken  to  include  coal. 
Although  that  mineral  occui's  in  such  a  way  that  its  extent  is  more  easily 
determined  than  that  of  other  mineral  deposits,  yet  it  is  necessary  that  a  field 
shall  have  been  properly  explored  by  boring  or  otherwise  before  a  reliable 
estimate  of  its  value  can  be  formed.  Seams  may  be  cut  out  by  faults  or  un- 
comformit  ies,  and  partings  which  are  of  little  moment  in  one  part  of  the 
field  may  expand  in  another  until  the  value  of  a  seam  is  greatly  reduced  or 
vanishes  altogether. 
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Hitherto  the  questions  dealt  with  have  mainly  related  to  the  quantity  of 
ore.  The  equally  important  one  of  quality  may  now  be  referred  to.  Qual- 
ity to  .i  large  extent  is  independent  of  quantity,  but  it  is  often  found  that 
ore  along  the  outer  and  inner  margins  of  a  deposits  is  poorer  than  that  a 
foot  or  two  away  from  them.  In  such  cases,  therefore,  the  wider  a  deposit 
is,  the  I-  38,  '>i  her  things  being  equal,  will  be  the  proportion  of  inferior  ore. 
In  order  to  determine  the  average  of  the  different  payable  qualities  in  a 
mineral  deposit — one  of  the  most  essential  factors  in  mine  valuation — it  is 
necessary  thai  the  deposit  shall  be  opened  up  to  such  an  extent  as  to  afford  a 
general  idea  of  the  inner  nature  of  that  part  of  it  for  which  it  is  proposed  to 
pay  cash.  The  determination  of  quantity  and  quality  are  of  the  first  impor- 
tance, as  on  them  hang',  to  a  large  extent,  the  further  factors  of  working 
cost  and  selling  price.  As  a  deduction  from  the  foregoing  considerations,  it 
is  clear  that  all  valuations  should  be  based  on  data  derived  from  accurate 
assay  projections — horizontal  and  vertical. 

With  regard  to  the  interest  to  be  allowed  to  a  purchaser  and  the  amount 
to  be  set  aside  for  redemption,  even  for  "  ore  blocked  out,"  the  rate  should 
never  be  less  than  12  per  cent.,  and  might  have  to  be  made  25  per  cent,  or 
more,  depending  on  the  mining  and  commercial  risks.  In  mines  liable  to 
gas  explosions  or  to  sudden  inrushes  of  water,  or  to  numerous  and  serious 
labour  troubles,  or  to  damage  from  revolutionists,  or  in  which  the  mineral 
produced  is  liable  to  unusual  fluctuations  in  price,  a  rate  of  interest  to  a 
purchaser  that  is  commensurate  with  the  greater  risk  must  be  allowed.  The 
rate  allowed  on  amounts  set  aside  for  redemption  should  be  that  of  gilt- 
edged  securities — say  3 J  or  4  per  cent.  The  writer  would  not  have  thought 
it  necessary  to  mention  these  rates  if  he  had  not  seen  reports  on  mines,  in 
which  there  was  not  any  ore  blocked  out,  that  allowed  only  11  per  cent,  to 
the  purchaser,  without  any  special  allowance  for  redemption.  As  the  latter 
allowance  may,  in  some  cases,  be  as  large  or  larger  than  the  aggregate  of 
the  interest  allowed  to  a  purchaser,  and  ought  always  to  be  a  primary  con- 
sideration, the  omission  to  provide  for  it  is  very  serious.  A.P.A.S. 


Present  International  Position  of  Workmen's  Unemployment  Insurance. 

— By  E.  Hornek.     (Est err.  Zeitschr.  f.  Berg-  u.  Huttenwes.,  1914,  vol. 
lxii.,  pages  346  and  362-365. 

In  a  report  drawn  up  by  the  Vienna  magistrates  the  position  of  this 
difficult  and  complex  question  in  various  European  countries  up  to  the  years 
1911,  1912,  and  1913  is  considered.  The  system  adopted  in  Switzerland  varies 
with  each  canton.  As  early  as  1895  compulsory  workmen's  insurance  was 
started  in  St.  Gallen,  but  without  success.  In  Berne  insurance  in  1911  and 
1912  was  voluntary,  each  trade  insuring  separately.  In  Canton  Appenzell  the 
Cantonal  Government  guarantees  a  credit  up  to  50  per  cent,  of  the  funds 
raised  by  the  workmen.  In  Bale  and  other  towns  the  unemployment  funds 
are  drawn  from  three  sources — the  Central  Government,  the  town,  and  the 
workmen's  contributions.  The  State  pays  a  fixed  sum  towards  the  cost  of 
administration,  and  supplements,  if  necessary,  the  workmen's  payments. 

The  most  important  system  hitherto  in  force  has  been  introduced  in 
Geneva.  In  1901  a  union  of  various  communes  and  syndicates  was  foi'med, 
and  the  principle  followed  of  a  contribution  from  the  communal  funds  in  a 
certain  fixed  proportion  to  the  workmen's  payments.  The  communal  sub- 
vention was  not  to  exceed  100  per  cent.,  and  the  men's  unemployed  benefit  was 
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fixed  it  LOd.  (I  tram)  a  day  for  not  more  than  60  days  in  the  year.  In 
actual  practice  the  workmen's  contributions  rose  to  66  per  tint.,  and  in  ten 
years  there  was  a  reduction  of  50  per  cent,  in  tho  households  thus  supported. 
The  Genevan  system  has  been  extended  to  Belgium,  where  in  1912  a  tenth 
only  of  the  industrial  population  contributed.  It  lias  also  been  followed  in 
France.  Since  L905  the  French  state  grants  aid  to  each  society  undertaking 
to  support  its  unemployed  members.  The  State  subvention  amounts  to  20 
nt.  to  loeal  societies,  and  :30  \xn-  cent,  to  societies  having  branches  in 
three  departments  and  1,000  active  members.  In  Denmark,  where  the  un- 
employment insurance  law  dates  from  1907.  the  State  guarantees  a  subvention 
of  a  third  to  recognized  societies,  up  to  a  maximum  of  about  .£13,500 
iL'Mt.itOO  Kr.i. 

The  same  system  of  voluntary  workmen's  contributions  and  proportional 
State  payments  has  been  applied  to  Norway  and  Finland.  In  Germany  differ- 
ent arrangements  obtain  in  various  towns,  but  the  men's  contributions  are 
supplemented  mostly  from  municipal  and  not  from  the  State  funds.  The 
amount  of  the  contribution  varies  with  the  locality.  In  Cologne  the  town  has 
contributed  25  per  cent.,  and  unemployed  assistance  is  given  for  thirty- 
four  weeks  in  the  year.  In  some  German  towns,  however,  unemployment 
benefit   is  carried  out   without    any  outside   assistance. 

The  writer  considers  that  the  (iencvan  system  does  not  help  to  educate  the 
men  in  self-help,  and  that   a  certain  amount  of  compulsion  is  desirable,  if  not 
ry.        Voluntary   unemployment   funds   tend  to   be  absorbed   by   those 
workmen  with  whom  unemployment  is  a  regularly  recurring  evil.     The  sub- 
ject is  yet  in  its  initial  stage,  and  requires  much  further  investigation. 

E.M.D. 


Houses  for  Mining:  Towns. — By  Joseph  H.   White.     Bulletin  No.  87,  Bur. 
Mines,  1914,  pages  1-64. 

The  United  States  Bureau  of  Mines,  in  co-operation  with  the  Bureau  of 
Public  Health,  is  studying  sanitary  conditions  in  and  about  mines,  with  the 
object  of  pointing  out  how  those  conditions  that  are  a  menace  to  the  health  of 
the  miner  may  be  most  efficiently  removed  or  remedied.  In  this  Bulletin  are 
presented  suggestions  on  the  planning  of  mining  towns  and  the  construction  of 
miners'  houses.  The  Bulletin  does  not  profess  to  be  a  treatise  on  the  so-called 
"  housing  problem,"  and  only  mentions  sociological  issues  incidentally.  Its 
purpose  is  to  supply  facts  on  the  building  of  well-lighted,  well-ventilated, 
warm,  attractive,  and  economical  houses  for  miners,  these  houses  being 
supposedly  units  of  an  industrial  village  or  town  the  building  and  manage- 
ment of  which  are  under  the  control  of  a  corporation,  so  that  special  conditions 
hold  -tuli  as  do  not  apply  to  houses  built  and  owned  by  individual  miners. 

The  subjects  dealt  with  comprise  the  town  site  and  the  arrangement  of 
the  town;  types  of  houses;  windows,  doors,  and  artificial  lighting; 
ceiling  ventilators  and  louvres;  artificial  illumination;  fireplaces,  stoves, 
chimney-,  and  flues;  interior  and  exterior  finish;  foundations;  framework; 
the  roof;  the  yard  and  its  appurtenances;  and  water  and  wastes.  Sample 
detailed  plan-  and  elevation-  of  miner-'  houses  are  also  included  in  the 
Bulletin.  A   I'.A.S. 
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II.— LIST  OF  FATAL  AND  NON  -  FATAL  EXPLOSIONS  OF 
FIREDAMP  OR  COAL-DUST,  AND  BAROMETER,  THER- 
MOMETER, etc.,  READINGS  FOR  THE  YEAR  1914. 


Compiled  by  PERCY  STRZELECK1. 


The  barometer,  thermometer,  etc.,  readings  have  been  supplied  by  the 
permission  of  the  authorities  of  Glasgow  Observatory,  and  give  some 
idea  of  the  variations  of  atmospheric  temperature  and  pressure.  As 
the  barometer  at  Glasgow  is  180  feet  above  sea-level,  the  readings 
have  been  reduced  to  32  feet  above  sea-level,  by  the  addition  of  0'150 
inch  to  each  reading,  and  the  barometrical  readings  are  reduced  to  32° 
Fahr. 

Owing  to  the  readings  at  Kew  Observatory  being  now  recorded  in 
millibars  and  centibars,  their  publication  has  been  discontinued  in  the 
Transactions.  A  copy  of  these  readings  is,  however,  filed  in  the 
Institution  Library  for  reference  purposes. 

The  statistics  of  fatal  and  non-fatal  explosions  have  been  obtained 
from  H.M.  Divisional  Inspectors  of  Mines.  The  times  recorded  are 
Greenwich  mean  time,  in  which  midnight  equals  0  or  24  hours. 


Table  I. — Summary  of  Explosions  of  Firedamp  and  Coal-dust  in  the 
several  Mines-inspection  Divisions  during  1914. 


Mines-inspection  Division. 

Fatal  Accidents. 

Non-fatal  Accidents. 

No. 

Deaths. 

Injured. 

No. 

Injured. 

Lancashire,  North  Wales, 
and  Ireland    ... 

Midland  and  Southern  ... 

Northern  ... 

Scotland 

South  Wales 

York  and  North  Midland 

0 

1 

3 
3 
1 

2 

0 
o 

7 

3 

1 

13 

0 

> 

2 

0 
1 
3 

1 

8 

9 

40 

24 

11 

1 
12 
19 
56 
28 
15 

Totals      

10              26 

7 

93 

131 
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Table    II.— List   of   Fatal   Explosions  of   Firedamp  |or   Coal-dust   in 
Collieries  in  the  several  Mines-inspection  Divisions  during  1914. 


1914. 

Colliery. 

County. 

Mines-inspection 
Division. 

Deaths. 

No.  of 
Persons 
Injured. 

Feb.  21,   5-30* 

Fauidhead(No.l  Pit) 

Dumfries 

Scotland 

1 

0 

April   3,  13-45 

Meiklehill  (No.  2  Pit) 

Dumbarton  ... 

Do. 

1 

0 

May  18,    7-30 

Porthdafen(No.l  Pit) 

Carmarthen  ... 

South  Wales... 

1 

1 

„    30,  13-50 

Wharncliffe  Silkstone 

York 

York  and  North 
Midland 

12 

3 

June  22,    130 

Haigh           

York 

Do. 

1 

0 

July    3,    8-0 

Shettleston 

Lanark 

Scotland 

1 

0 

..      .-,.  18-35 

Covvpen  (Mill  Pit)  ... 

Northumber- 
land 

Northern 

2 

1 

Aug.    4,    8-0 

Clifton          

Cumberland  ... 

Do. 

3 

1 

„     16,  22-35 

Newburgh     ... 

Northumber- 
land 

Do. 

2 

0 

Oct.   15,    2-30 

Sandfield  (No.  4  Pit) 

Stafford 

Midland      and 
Southern 

2 

1 

26 

7 

Kvm-i  time  doubtful. 


Table  III.— List  of  Non-fatal  Explosions  of  Firedamp  or  Coal-dust  in 
Collieries  in  the  several  Mines-inspection  Divisions  during  1914. 


1914. 

Colliery. 

County. 

Mines-inspection 
Division. 

No.  of 
Persons 
Injured. 

Jan.     2,  13-0 
„        9,    2-0 
„        9,    4-0 
„      21,    7-30 
„      22,  13-45 
„      28,    0-5 
„      29,  12-30 

Moody's  Graigola 

Minto  (No.  1  Pit) 

Tory coed 

Varteg  Hill 

East  Plean  (No.  4  Pit) 

Aberbaiden 

Gilmilnscroft  (No.  1  Pit) 

Glamorgan 

Fife        

Glamorgan 
Monmouth 
Stirling  ... 
Glamorgan 
Ayr        

South  Wales  .. 
Scotland 
South  Wales  ... 

Do. 
Scotland 
South  Wales  ... 
Scotland 

1 
1 
1 
1 
1 
2 
3 

Feb.     3,  22  30 
„      11,20-30 
„      17,  21-30 
„      18,    2-15 
„      20, 22-0 

Dillwyn            

Glengarw 

Newbattle 

Glengarw 

South    Moor    (William 

Pit) 
Cannock  Chase 

Cramlington  (Lamb  Pit) 
Lochgelly  (Mary  Pit)... 
Shady  Birchwood 

Frankfield         

Glamorgan 

Do. 
Edinburgh 
Glamorgan 
Durham 

South  Wales  ... 

Do. 
Scotland 
South  Wales  ... 
Northern 

1 
1 
1 
2 
1 

„      21,    740 

.,      22,    7-0 
.,      23,  13-0 
..      24,    7-5 

„      28,    30 

Stafford 

Northumberland 

Fife        

Derby 

Lanark  ... 

Midland  and 

Southern 
Northern 
Scotland 
York  and  North 

Midland 
Scotland 

1 

1 

1 

1 

1 

Mar.     5,  12-30 

8,  22-15 

„      19,    715 

„      19,14-35* 

Aberbaiden 

Kenmuirhill  (No.  2  Pit) 
Herdshill 

Cowdenbeath     (No.    10 
Pit) 

Cwmclydach     

Niddrie  (No.  12  Pit)   ... 
Bank 

Broom  house      

Glamorgan 
Lanark  ... 

Do 

Fife        

South  Wales  ... 
Scotland 

Do. 

Do. 

1 
2 
1 
2 

,.      25,    9-45 
.,      26,  170 
„      26,  21-30 

„      28,    7-0 

Glamorgan 
Edinburgh 

Cheshire 

Lanark  .... 

South  Wales  ... 
Scotland 
Midland  and 

Southern 
Scotland 

1 

1 
2 

2 

*  Exact  time  doubtful. 
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Table  III. — Continued. 


1914. 

Colliery. 

County. 

Mines-inspection 
Division. 

No  of 
Persons 
Injured. 

April    I.     2-0 

Copper  Pit        

Glamorgan 

South  Wales  ... 

] 

9.  10-15 

Nitshill  (Victoria — 
Ironstone) 

Renfrew 

Scotland 

1 

9,  18-0 

Now  Cwrngorse 

Glamorgan 

South  Wales  ... 

1 

.,      10,    7-30 

Shettleston 

Lanark  ... 

Scotland 

2 

„       15,    20 

Glascoed 

Denbigh 

Lancashire, 
North  Wales, 
and  Ireland 

1 

„      15, 23-45 

Bannockburn   ... 

Stirling 

Scotland 

1 

„      22,  17-55 

Grove     ... 

York      

York  and  North 
Midland 

2 

.,      23.    830 

Pencraig 

Glamorgan 

South  Wales  ... 

1 

„      23,  120 

Foulshiels 

Linlithgow 

Scotland 

1 

.,      28,  230 

Saltervvood 

Derby    ... 

York  and  North 
Midland 

2 

May    7,  22-15 

Minto 

Fife    ... 

Scotland 

1 

.,      13.  12-0 

Cefn-y-Bryn     ... 

Glamorgan 

South  Wales  ... 

1 

,.       14,    3-0 

Rosehall  (No.  7  Pit)    ... 

Lanark  ... 

Scotland 

1 

„      J4,    7-15 

Corngreaves     ... 

Stafford... 

Mil  Hand  and 
Southern 

2 

„      23,  11-50 

Bloomfield  Hall 

Stafford... 

Midland  and 
Southern 

1 

„      25,  10-20 

New  London     ... 

Nottingham 

York  and  North 
Midland 

1 

„      27,    0-30 

Cilely  (No.  2  Pit) 

Glamorgan 

South  Wales  ... 

1 

June    1,   6-30* 

Girfnock            

Renfrew 

Scotland 

1 

,,         5,  1615 

Carmyle  (No.  1  Pit)    ... 

Lanark  ... 

Do. 

] 

8.  17-30 

Bank  (No.  1  Pit) 

Ayr         

Do. 

1 

,.      11,20-0 

Beili  Glas 

Glamorgan 

South  Wales  ... 

1 

,.      15,  12-0 

Cilely     

Do. 

Do. 

1 

„      24,11-0 

Hunsworth  Lodge 

York       

Y"ork  and  North 
Midland 

1 

„      30,  14-30 

Tong  (No.  1  Pit) 

Do 

York  and  North 
Midland 

1 

July     2,  11-45 

Oak  wood 

Glamorgan 

South  Wales  ... 

1 

3,    8-0 

South  Longrigg 

Lanark  ... 

Scotland 

1 

„      10,    0-30 

Frankfield         

Do 

Do. 

1 

„      20,  14-30 

Tvnybedw 

Glamorgan 

South  Wales  ... 

1 

„      27,  13-0 

Whitrigg  (No.  5  Pit)... 

Linlithgow 

Scotland 

1 

„      28,    5-50 

Kilton    ... 

York       

Northern 

1 

„      29,    6-30 

Holmes  (No.  4  Pit)     ... 

Ayr         

Scotland 

2 

„      29,  15-45 

Gilbertfield  (No.  2  Pit) 

Lanark  ... 

Do. 

1 

„      31,    6-30 

Pwllbach           

Glamorgan 

South  Wales  ... 

1 

Aug.      4,  12-20* 

Walkinsbaw  (No.  2  Pit) 

Renfrew 

Scotland 

1 

9,    5-45 

Holmside  (Thomas  Pit) 

Durham 

Northern 

1 

„      16,  23-0 

Blaengwawr 

Glamorgan 

South  Wales  ... 

2 

„      24,    5-50 

Birkensbaw 

York       

York  and  North 
Midland 

1 

„      25,  13-0 

Nitshill  (Victoria  No.  1 

Pit) 

Burnhope 

Renfrew 

Scotland 

1 

„      27,  12-0 

Durham 

Northern 

5 

Sept.    2,    0-30 

Gilbertfield  (No.  2  Pit) 

Lanark  ... 

Scotland 

1 

7,    1-30 

Nantydyrus 

Glamorgan 

South  Wales  ... 

2 

>,      H,    9-0 

East  Plean  (No.  4  Pit) 

Stirling 

Scotland 

1 

„      15,  15-30 

Crackley           

Stafford... 

Midland  and 

2 

Southern 

Exact  time  doubtful. 
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1914. 

Colliery. 

County. 

Mines-inspection 
Division. 

No.  of 
Persona 
Injured. 

Sept.   28,    8-45 

Moor  Green 

Nottingham 

York  and  North 
Midland 

1 

.,       30,  15-30 

Prestongrange     (Moi- 
risonbhaven    No.   2 
Pit) 

Haddington 

Scotland 

1 

Oct.     1,    9-0 

New  Langley  ... 

Derby    

York  ami  North 
Midland 

3 

8,    7-40 

Birch  Coppice  ... 

Warwick 

Midland  and 
Southern 

1 

.,      15,  15-0 

Abererave 

Brecon  

South  Wales  .. 

1 

.,      20.  13-0 

Ellismuir 

Lanark  ... 

Scotland 

1 

21,  2230 

Bloomfield  Hall 

Stafford 

Midland  and 
Southern 

1 

„      22.    7-30 

Skeilyton          

Lanark  ... 

Scotland 

3 

..      23,  130 

Carfin  (No.  1  Pit) 

Do 

Do. 

1 

..      24,  170 

South  Normanton 

Derby     

J 

York  and  North 
Midland 

1 

..      25,  22-30 

Warrix  (No.  2  Pit)     ... 

Ayr 

Scotland 

1 

„      29,  23-30 

Murdostoun 

Lanark  ... 

Do. 

2 

Nov.    3,  10-0 

Swan  wick 

Derby    

York  and  North 

Midland 

1 

9,  2330 

Cape  (New  Slant) 

Glamorgan 

South  Wales  ... 

1 

„      11,11-40 

Tudhoe  ... 

Durham 

Northern 

6 

.,      11,  16-55 

Cowley  ... 

Do 

Do. 

1 

„       13,  18-0 

North  Motherwell 

Lanark  

Scotland 

2 

„      30,  12-20 

Great  Wyrley  ... 

Stafford 

Midland  and 
Southern 

2 

Dec.     1,  15-40 

Frankrield 

Lanark  ... 

Scotland 

1 

,.        2,  12-15 

Kilton    ... 

York       

Northern 

2 

„        2,  22-25 

West  Auckland 

Durham 

Do. 

1 

2,  23-30 

Mynydd  Newvdd 

Glamorgan 

South  Wales  ... 

1 

«,  22-30 

Ferniegare  (No.  1   Pit) 

Lanark  ... 

Scotland 

1 

9.    7-30 

Biggarford  (No.  1    Pit) 

Do. 

Do. 

5 

„      31,    715 

.Moncur  (No.  4  Pit) 

Ayr        

Do. 

2 
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Table  IV. — Barometer.  Thermometer,  etc.,  Readings.  1914. 
Glasgow  Observatory. 


JANUARY. 

FEBRUARY. 

Barometer. 

Tempera- 
ture. 

0  0 
0  « 

Barometer. 

Tempera- 
ture. 

gj 

- 

0  a 

6 

°'3 

cd 

9  A.M. 

9  P.M. 

Max. 

Miu. 

"g        9  A.M. 

9  p.m. 

Max. 

Min. 

2  a 

- 

S'S 

n 

S'i 

1 

30-411 

30391 

451 

32-3 

w 

1      29-484 

29-547 

52-8 

37-6 

SaW 

2 

30203 

30-336 

48-3 

43-7 

NW 

2     29-573 

29-482 

52-1 

50-4 

SSW 

3 

30-283 

29-981 

47-1 

42-0    ! 

W 

3     29-724 

29-670 

511 

40-1 

E 

4 

29-774 

29-340 

46-7 

41-3 

W 

4     29-681 

29-711 

51-0 

48-3 

SSW 

5 

29-327 

29-144 

41-7 

32-2 

w 

5     29-718 

29-752 

521 

48-2 

SSW 

6 

29-480 

29-890 

37-4 

32-3 

sw 

6     29-590 

29-453 

48-8 

42-9 

S 

7 

29-981 

29-862 

42-0 

29-2 

sw 

7     29-348 

29-101 

453 

38-0 

SSE 

8 

29-764 

29-729 

49-3 

41-1 

sw 

8     28-997 

29-143 

47-4 

41-9 

SW 

9 

29-799 

29-920 

49-2 

42-5 

NE 

9     29-643 

29-561 

45-6 

363 

SE 

In 

29-950 

30-089 

45-6 

42-7 

NE 

10      29-540 

29-439 

49-3 

39-9 

S 

11 

30-265 

30-405 

44-1 

32-5 

SE 

11      29-188 

29-149 

47-3 

41-6 

wsw 

12 

30-538 

30-632 

34-8 

30-1 

ESE 

12     29-192 

29-005 

44-7 

35-4 

SSE 

13 

30-640 

30-590 

34-7 

32-3 

EXE 

13     29-387 

29-266 

48-1 

37-7 

SW 

14 

30511 

30-447 

37-6 

33-5 

NE 

14     29-225 

29-084 

511 

403 

wsw 

15 

30-399 

30-321 

36-1 

30-3 

N 

15     29-038 

29-424 

52-5 

40-1 

sw 

16 

30-190 

30-025 

34-3 

23-3 

N 

16     29-666 

29-802 

436 

36-5 

sw 

17 

29-930 

29-979 

40-4 

337 

N 

17     29-789 

29-199 

45-2 

34-6 

ssw 

18 

30-044 

30-055 

39-6 

361 

ENE 

18     29-228 

29-181 

45-4 

35-7 

sw 

19 

30-031 

30-025 

38-7 

35-2 

ESE 

19     29-136 

29-226 

42-2 

35-3 

E 

20 

30-080 

30-072 

37-3 

35-7 

ESE 

20     29-281 

28-878 

462 

37-1 

SSE 

21 

30-088 

30-122 

37-3 

32-7 

S 

21 

28-699 

28-861 

46-1 

38-7 

SW 

22 

30-132 

30-078 

37-1 

35-1 

SE 

22 

28-413 

28-278 

44-7 

35-4 

E 

23 

30-005 

29-900 

39-1 

34-9 

S 

23 

28-571 

28-942 

45-9 

38-9 

SW 

24 

29-785 

29-751 

50-3 

38-6 

SSW 

24 

29  269 

29-587 

47-0 

38-6 

sw 

25 

29-673 

29-283 

52-6 

38-4 

ssw 

25 

29-767 

29-765 

44-6 

33-6 

w 

26 

29-769 

29-854 

49-5 

36-8 

sw 

26 

29-723 

29-823 

45-5 

37-5 

ssw 

27 

29-944 

29-941 

45-7 

351 

w 

27 

29-972 

29-926 

47-0 

331 

NKW 

28 

29-921 

29-631 

44-2 

391 

sw 

28 

29-806 

29-706 

49-9 

44-6 

ssw 

2:1 

29-693 

29-503 

43-1 

39-0 

w 

• 

30 

29-466 

29-429 

51-3 

39-0 

sw 

31 

29-256 

29-510 

521 

39-4 

ssw 

MARCH. 

APRIL. 

1 

29714 

29-740 

45-8 

35-4 

W 

1 

29753 

29-735 

545 

46-5 

SW 

2 

29-765 

29-749 

46-0 

35-1 

W 

2 

29-683 

29-593 

53-2 

44-6 

SW 

3 

29-597 

29533 

43-7 

1    37-5 

w 

3 

29-798 

29-S15 

53-3 

43-6 

W 

4 

29449 

29-318 

48-2 

40-2 

sw 

4 

29-764 

29-590 

51-0 

38-7 

ESE 

5 

29-405 

29-030 

47-9 

39-3 

s 

5 

29-205 

29-024 

49-1 

43-9 

SW 

6 

28-902 

29-271 

47-8 

372 

wsw 

6 

28-976 

29-057 

48-1 

40-2 

W 

7 

29-390 

29-407 

44-0 

35-2 

wsw 

7 

28-992 

29041 

45-8 

37-5 

W 

8 

29-318 

29  348 

43-8 

33-1 

NE 

8 

29-213 

29-456 

47-6 

40-5 

WNW 

9 

29-445 

29-446 

40-8 

27-3 

N 

9 

29-255 

29141 

51-8 

38-9 

SE 

10 

29-514 

29-675 

42-1 

29-7 

NNW 

In 

29-183 

29-368 

52-8 

45-0 

SW 

11 

29-798 

29-677 

43-3 

31-8 

w 

11 

29-554 

29-831 

49-6 

41-2 

WNW 

12 

29-493 

l»niM» 

46-7 

331 

ENE 

12 

29-755 

29-681 

49-1 

39-3 

SW 

13 

29-690 

29-335 

48-8 

39-0 

E 

13 

29-671 

29-894 

49-0 

41-0 

WSW 

11 

28-815 

29-117 

48-3 

41-4 

SSW 

11 

30-099 

30  392 

50-5 

39-3 

WNW 

15 

29-431 

29307 

45-3 

39-5 

NW 

15 

30-464 

30-434 

55-2 

36-3 

W 

16 

29-399 

29-718 

44-1 

33-1 

WNW 

16 

30-412 

30-309 

61-8 

38-2 

W 

17 

29-586 

29-170 

437 

35-3 

SW 

17 

30-206 

30-096 

65-6 

42-9 

SE 

is 

28-993 

29-016 

42-7 

34-7 

WNW 

18 

30-147 

30-151 

65-1 

40-1 

SE 

lo 

29-007 

2S-!<!*1 

41-6 

337 

E 

19 

30-190 

30-172 

65-7 

40-4 

WSW 

20 

28-935 

29-021 

41-4 

34-7 

N 

20 

30-218 

30-239 

66-6 

42-0 

SW 

21 

29-109 

29-132 

47-3 

37-9 

NNW 

21 

30-263 

30-171 

681 

43-0 

w 

22 

29*179 

29321 

48-1 

35-1 

NW 

22 

30-027 

29-903 

62-6 

44-1 

sw 

2:; 

29-307 

29-185 

45-1 

34-4 

S 

23 

30-017 

30-065 

50-8 

41-8 

wsw 

2! 

29-112 

29096 

49-1 

w 

21 

30-029 

30-171 

531 

44-5 

WNW 

25 

29-048 

29-023 

47- 1 

355 

E 

2.", 

30-400 

30-465 

571 

43-9 

NW 

26 

29-242 

29-487 

44-2 

38-3 

NE 

26 

30-473 

30-441 

574 

44-2 

w 

27 

29-729 

29-897 

49-6 

32-3 

W 

27 

30-418 

30-337 

58-8 

43-1 

w 

28 

29-950 

29-808 

50-1 

32-5 

ESE 

28 

30-244 

30-109 

61-1 

43-3 

wsw 

29 

29-728 

29-762 

50-2 

40-6 

SSE 

29 

30-058 

29-989 

58-9 

41-8 

ENE 

30 

29-680 

29-586 

53-9 

44-0 

SW 

30 

30-043 

30-140 

53-3 

41-8 

NE 

31 

29-81C 

29-919 

54-6 

45-6 

SW 
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MAY. 

JUNE. 

Barometer. 

Tempera- 
ture. 

og 
a  2 
2  Z 

Barometer. 

Tempera- 
tore. 

o  = 
g§ 

.2-2 

i 

Oil 

9  a.m. 

9  P.M. 

Max. 

Miu. 

t  a 

2 

9  A.M. 

9  P.M. 

Max. 

Min. 

1.2 

S 

B'p 

- 

53-9 

0  S 

1 

30263 

483 

384 

E 

1 

30-046 

29-873 

41-9 

WSW 

a 

30-252 

30047 

554 

403 

s 

2 

30-026 

30130 

62-7 

47-4 

NE 

3 

29'836 

29-583 

50-6 

396 

E 

3 

30-1  17 

30-098 

06-1 

411 

WSW 

4 

29418 

29302 

571 

486 

SW 

4 

30-095 

30-092 

64-4 

509 

W 

5 

29  223 

29356 

52- 1 

47-0 

SW 

5 

29941 

29-977 

590 

48-6 

WSW 

6 

29-476 

29-413 

54-3 

46-4 

WSW 

6 

29-933 

29-879 

59-9 

47-4 

w 

7 

29-294 

29-275 

48-4 

453 

WSW 

7 

29-664 

29-640 

531 

42-6 

WSW 

8 

29232 

29*446 

474 

12-8 

WWW 

8 

29-814 

29931 

54-2 

43-3 

NNE 

9 

29-985 

460 

39-3 

N 

•J 

29-884 

29-923 

66-5 

509 

NE 

10 

29-811 

29-799 

527 

374 

ssw 

10 

29-855 

30010 

61-9 

51-3 

EXE 

11 

29-738 

30023 

53-2 

397 

w 

11 

30-087 

30-057 

70-1 

47-0 

NE 

12 

30-167 

30-027 

49- 1 

38-0 

w 

12 

30028 

30-098 

64-0 

50-2 

NE 

L3 

29-978 

30-136 

551 

41-4 

w 

13 

30-136 

30-028 

70-2 

535 

ENE 

14 

30- 192 

30-203 

61-1 

479 

w 

14 

30  123 

30-106 

67-6 

52-2 

NE 

15 

30235 

30-341 

65-8 

4  1-2 

WNW 

15 

30-137 

30-107 

71-7 

51-8 

ENE 

16 

30-311 

30-291 

60-4 

47-7 

NE 

16 

30-061 

29-779 

76-1 

48-5 

W 

17 

30-306 

30-280 

66-9 

503 

SSW 

17 

29-977 

29-922 

78-1 

52-8 

SW 

18 

30-283 

30-280 

58-9 

49- 1 

W 

is 

29-915. 

29-982 

72-4 

54-9 

SW 

19 

30-364 

59-4 

501 

W 

L9 

29-970 

29-855 

68-4 

51-8 

SW 

20 

30-105 

30-184 

54-8 

48-3 

W 

20 

29-760 

29-702 

61-8 

56-1 

SSE 

21 

30059 

30-046 

58-6 

47-8 

W 

21 

29-711 

29-700 

61-9 

51-3 

w 

22 

30-038 

30-U15 

56-0 

47-7 

WSW 

22 

29-702 

29-752 

57-1 

46-1 

ssw 

23 

29917 

30030 

56-7 

441 

NW 

23 

29-822 

29-915 

63-7 

48-7 

w 

24 

30-169 

30-282 

51-0 

375 

N 

24 

30-039 

30040 

590 

471 

SW 

25 

30-289 

30-211 

540 

40-1 

NW 

25 

30135 

30-296 

621 

53-0 

w 

26 

30175 

30149 

61-1 

40-1 

NW 

26 

30-209 

30-116 

66-4 

48-8 

SW 

27 

30154 

30-085 

60-S 

433 

NW 

27 

30-040 

30-210 

66-3 

48-7 

w 

28 

30-045 

29-959 

581 

49-3 

W 

28 

30-139 

30-112 

59-7 

49-9 

SW 

29 

29-846 

29-876 

550 

47-7 

SW 

29 

30-140 

30-069 

66-5 

55-2 

WSW 

30 

30-008 

30-028 

60-9 

48-1 

w 

30 

29-918 

29-916 

69-4 

52-9 

WSW 

31 

29-852 

30-043 

57-4 

47-2 

w 

JULY. 

AUGUST. 

1 

29-889 

29-621 

60-2 

48-4 

ENE 

1 

29-603 

29-559 

67-3 

551 

S 

2 

29-481 

29-598 

633 

55-8 

SW 

2 

29-474 

29-412 

60-8 

53-9 

NE 

3 

29737 

29-957 

62-6 

51-7 

WNW 

3 

29-417 

29-445* 

60-7 

51-0 

SW 

4 

29-944 

29797 

671 

431 

SE 

4 

29-463 

29  539 

591 

50-8 

SW 

5 

29-695 

29-675 

645 

521 

SE 

5 

29-535 

29-562 

61-3 

52-0 

WSW 

6 

29-529 

29571 

58-9 

55-2 

SW 

6 

29-522 

29-601 

59-5 

52-3 

ssw 

7 

29713 

29-835 

692 

53-2 

SW 

7 

29-747 

29-838 

61-5 

50-6 

SW 

8 

29749 

29-894 

69-6 

53-8 

SE 

8 

29-599 

29-508 

61-6 

49-2 

SSE 

9 

30013 

30-124 

653 

572 

W 

9 

29-668 

29-731 

65-6 

54-6 

SW 

10 

30165 

30-127 

716 

49-8 

NE 

in 

29-857 

29-986 

62-9 

53-8 

SW 

11 

30-059 

29-996 

68-8 

551 

ENE 

11 

30-080 

30-245 

615 

52  6 

w 

12 

29-957 

29967 

64-9 

57-0 

E 

12 

30247 

30-183 

70-4 

538 

w 

13 

29-977 

29925 

713 

52-5 

SW 

13 

30-153 

30-067 

721 

50-4 

E 

14 

29-802 

29776 

71-9 

596 

SSW 

L4 

29-998 

29-913 

76-6 

56-0 

ENE 

15 

29-764 

29-789 

68-3 

57-0 

SW 

15 

29-955 

30-044 

64-8 

536 

NE 

16 

29-727 

29-753 

643 

541 

w 

16 

30-068 

30045 

66*1 

50-2 

E 

17 

29-835 

29-847 

64-2 

558 

w 

17 

30-101 

30-091 

67-9 

519 

E 

18 

29757 

29716 

621 

54-7 

w 

Is 

30-120 

30-107 

675 

49-1 

E 

19 

29653 

29647 

67-2 

567 

E 

19 

30-080 

30035 

63-8 

541 

NE 

20 

29713 

29-744 

72-8 

58-4 

ESE 

21 1 

30  121 

29-968 

67'5 

52-9 

S 

21 

29745 

29-707 

76-3 

591 

E 

21 

29-941 

29-929 

649 

51-3 

SW 

22 

29-663 

29-613 

61-0 

53-1 

WNW 

22 

29926 

29-797 

67-9 

52-9 

SW 

23 

29-485 

29-440 

61-0 

51-7 

W 

23 

29-650 

29-735 

69-7 

573 

SW 

24 

29453 

29374 

58-2 

50-7 

WSW 

24 

29-672 

29-854 

65-3 

576 

WSW 

25 

29-354 

29-415 

54-5 

48-8 

w 

25 

29-848 

29  667 

68-1 

513 

WSW 

26 

29435 

29-438 

579 

49-7 

w 

26 

29-472 

29638 

653 

54-0 

SW 

27 

29531 

29-601 

63-7 

45-4 

NW 

27 

29-886 

30-041 

65-9 

50-3 

WNW 

28 

29685 

29773 

69- 1 

48-0 

KNE 

28 

30-080 

30-137 

60-4 

52-2 

SW 

29 

29871 

29-923 

63-9 

47-7 

NNE 

29 

30194 

30-198 

63-9 

53-8 

w 

30 

29-962 

29-927 

59-5 

51-2 

SW 

30 

30-191 

30-252 

63-4 

521 

SW 

31 

29-845 

29-747 

632 

46-7 

s 

31 

30-298 

30-297 

641 

49-6 

E 
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SEPTEMBER. 

OCTOBER. 

Barometer. 

Tempera- 
ture. 

O  O 

a 

D-d 
t*  a 

Barometer. 

Tempera- 
ture. 

CO 

1      9  a.m. 

9  P.M. 

Max. 

Min. 

d 

03 

9  A.M. 

9  P.M. 

Max. 

Min. 

=> 

3? 

n 

S'£ 

1     30-251 

30-218 

61-6 

52-3 

NE 

i 

30-007 

30-078 

57-3 

53-3 

WNW 

2     30-179 

30-138 

71-2 

59-5 

sw 

2 

30-205 

30-087 

56-1 

43-3 

WNW 

3     30-133 

30123 

67-9 

58-5 

WNW 

3 

30-021 

30-098 

575 

49-4 

W 

4 

30-151 

30-178 

62-8 

55-3 

E 

4 

30-219 

30-329 

56-8 

49-1 

wsw 

5 

30-204 

30-183 

611 

48-2 

E 

5 

30-208 

30-166 

60-1 

51-2 

WNW 

6 

30-197 

30-106 

641 

472 

NE 

6 

30-252 

30-243 

58-8 

49-7 

W 

7 

30-053 

29-951 

67-4 

48-2 

NNE 

7 

30-235 

30-165 

56-6 

50-6 

SW 

8 

29-888 

29-831 

66-3 

52-9 

ENE 

8 

30-118 

30-147 

57-4 

49-0 

w 

9 

29840 

29-854 

613 

571 

ENE 

9 

30-167 

30-194 

59-2 

49-4 

WNW 

10 

29-855 

29-681 

67-4 

57-8 

E 

in 

30-158 

30-091 

56- 1 

471 

SW 

11 

29-477 

29-545 

60-3 

48-9 

W 

11 

29-980 

29-838 

54-5 

48-3 

SE 

L2 

29-559 

29-364 

54-3 

471 

wsw 

12 

29-730 

29-717 

54-8 

48-1 

W 

13 

29-499 

29-508 

573 

42-7 

w 

13 

29676 

29-777 

53-1 

43-2 

w 

U 

29-140 

29-142 

59-9 

49-6 

sw 

14 

29-984 

30-161 

52-4 

44-4 

E 

1  15 

29-492 

29-578 

54-0 

46-3 

w 

15 

30228 

30-200 

52-9 

341 

ENE 

16 

29-655 

29-519 

56-4 

46-3 

ssw 

16 

30-217 

30-200 

55-9 

461 

ENE 

17 

29-302 

29-464 

56-6 

48-7 

w 

17 

30-165 

30-131 

556 

47-1 

WNW 

18 

29-659 

29-729 

56-9 

47-2 

w 

18 

30-159 

30-218 

52-7 

41-4 

WNW 

19 

29-852 

29-850 

53-2 

44-0 

w 

19 

30-278 

30-256 

49-8 

350 

N 

20 

30-084 

30-231 

54-8 

40-9 

N 

20 

30-249 

30-204 

54-1 

45-4 

SSE 

21 

30-281 

30-251 

52-4 

35-7 

NNE 

21 

30-029 

29-731 

51-9 

43-4 

E 

22 

30-217 

30-154 

58-0 

36-2 

ssw 

22 

29-621 

29-618 

50-1 

41-4 

ENE 

23 

30-093 

30-145 

58-2 

51-3 

s 

23 

29-640 

29-688 

55-1 

48-7 

ENE 

24 

30-177 

30144 

62-2 

52-2 

sw 

24 

29-777 

29-861 

54-3 

46-1 

ENE 

25 

30043 

29-976 

61-8 

47-3 

sw 

25 

29-753 

29-498 

52-3 

43-2 

E 

26 

30-020 

30-168 

574 

50-9 

w 

26 

29-718 

29-629 

55-1 

48-3 

WNW 

27 

30-207 

30-026 

58-0 

49-0 

w 

27 

29-542 

29-457 

50-9 

42-1 

WSW 

28 

29-887 

30-150 

56-3 

46-1 

WNW 

2s 

29-409 

29-447 

49-1 

38-6 

SW 

2!) 

30-337 

30-311 

56-3 

38-7 

w 

29 

29-703 

29-786 

50-7 

36-3 

NE 

.'ill 

30-257 

30-164 

57-4 

39-8 

w 

:io 

29-751 

29-636 

48-2 

44-3 

NE 

31 

29-470 

29-420 

51-1 

47-1 

ENE 

NOVEMBER. 

DECEMBER. 

1 

29-460 

29-503 

52-8 

47-8 

E 

1 

29133 

29-297 

44-3 

40-0 

ssw 

2 

29  483 

29440 

51-0 

44-5 

ENE 

2 

29-370 

28-822 

50-1 

39-6 

s 

a 

29-457 

29-635 

535 

48-5 

ESE 

3 

28-988 

29-280 

46-6 

36-3 

sw 

4 

29-753 

29-773 

50-2 

38-6 

E 

4 

29-037 

28-482 

446 

33-5 

E 

6 

29-721 

29-569 

50-4 

46-8 

NE 

5 

28-817 

29-300 

41-6 

37-5 

WNW 

6 

29-608 

29-787 

52  9 

49-3 

SE 

6 

29-487 

28-756 

40-6 

33-6 

ESE 

7 

29-933 

29-909 

52-9 

45-3 

SW 

7 

28-817 

28-847 

462 

392 

SW 

8 

29-827 

29-809 

55-5 

47-2 

SW 

8 

28-957 

29-175 

45-8 

42-0 

SW 

9 

29-789 

29-717 

55-6 

42-7 

SW 

9 

29-395 

29-535 

453 

40-4 

sw 

10 

29-971 

29-712 

53-2 

43-9 

w 

in 

29-649 

29-692 

40  9 

359 

E 

11 

29-428 

29-502 

50-5 

37-3 

w 

11 

29-563 

29-414 

42-5 

34-4 

E 

12 

29-652 

29-692 

44-1 

38-0 

w 

12 

29-521 

29-423 

43-6 

33-6 

ENE 

13 

29-122 

29-119 

52-9 

38-8 

w 

13 

29-090 

28-854 

42-7 

34-0 

ENE 

14 

29-585 

29593 

39-3 

321 

WNW 

14 

28-817 

28-881 

451 

38-8 

ENE 

15 

29-171 

29-302 

37-9 

30-5 

NE 

15 

29-039 

29-277 

44-1 

40-2 

N 

K, 

29-671 

30-101 

44-3 

360 

N 

16 

29-643 

29720 

43-4 

35-1 

W 

17 

30-330 

30-472 

38-1 

335 

NE 

17 

29-564 

29-363 

48-4 

42-9 

sw 

18 

30-568 

30-483 

37-3 

27-4 

E 

18 

29-288 

29-290 

45-1 

39-7 

sw 

19 

30-231 

30-267 

50-2 

35-4 

W 

1<| 

29-287 

29-195 

40-1 

29-2 

NW 

jo 

30-286 

30-243 

44-0 

33-7 

NE 

2d 

29-200 

29-300 

351 

28-5 

SW 

21 

30-138 

30-013 

352 

28-4 

NE 

21 

29-407 

29-653 

368 

28-0 

E 

J2 

29-968 

29-952 

431 

34-7 

ENE 

22 

29-783 

29-771 

36-8 

30-6 

E 

2:; 

29  900 

29-828 

40-3 

301 

NNE 

2:; 

29-879 

30-021 

38-8 

28-3 

NE 

24 

29-617 

29-593 

433 

36-3 

W 

24 

30-134 

30-128 

36-5 

27-7 

NNE 

25 

29-629 

29-343 

46-8 

34-2 

SE 

25 

29953 

29-788 

42-0 

29-0 

SE 

.'i, 

29  114 

29-240 

53-2 

44-9 

SW 

26 

29-485. 

29-754 

45-8 

39-0 

SW 

-'7 

29-496 

29  556 

45-6 

41-1 

WSW 

27 

29-087 

29-199 

45-3 

35-6 

SSW 

28 

29-215 

29  465 

49-3 

411 

sw 

28 

29-070 

29-111 

36-3 

30-4 

s 

29 

29-324 

29-213 

52-9 

411 

sw 

29 

29-405 

29-680 

39-1 

29-7 

w 

30 

28-873 

29-073 

53-7 

42-5 

ssw 

30 

29-510 

29-116 

42-1 

32-2 

SE 

31 

29-139 

29-179 

39-2 

33-9 

SW 
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ANNUAL  REPOET  OF  THE  COUNCIL,  1914-1915. 

The  Institute  has  sustained  a  greal  loss  through  the  death  of 

Mr.  George  May.  who  was  elected  a  member  in  the  year  18G2, 
served  on  the  Council  from  the  year  18783  and  was  elected  Presi- 
dent in  1896.  He  contributed  to  the  Transactions,  and  took  a 
lively  interest  in  the  affairs  of  the  Institute. 

They  also  deplore  the  deaths  of  Messrs.  James  Kobson  Brass 
and  Ronald  Edwin  White,  who  were  killed  in  the  European  War. 

A  decrease  in  the  membership  has  to  be  reported  for  the  fifth 
year  in  succession.  The  additions  to  the  register,  and  the  losses 
by  death,  resignation,  etc..  are  shown  in  the  following  table  :- 

Additions  

Losses     ... 

Gain 

Loss        19  44  25  31  28 

It  will  be  seen  from  the  table  that  the  fall  in  membership  this 
year  is  due  to  a  decrease  in  the  additions.  This  decrease  is  no 
doubt  in  part  the  result  of  the  removal  of  the  headquarters  of 
The  Institution  of  Mining  Engineers  to  London  in  1909,  and  an 
effort  must  be  made  to  increase  the  membership  from  local 
sources.  Agents  and  managers  in  the  district  could  materially 
help  by  inducing  their  officials  to  become  members  or  associates 
of  the  Institute. 

The  membership  for  the  last  six  years  is  shown  in  the  follow- 
ing table  :  — 

Year  ending  August  1st.  1910.  1911.  1912.  1913.  1914.  1915. 

Honorary  members        ...  26  27  24  23  24  25 

Members 926  921  893  874  846  824 

Associate  members        ...  106  107  101  100  97  91 

Associates           214  209  204  205  206  207 

Students             54  43  43  38  34  31 

Subscribers         ...         ...  35  35  33  33  35  36 

Totals  ...  1,361       1,342       1,298       1,273       1,242       1,214 


The  deaths  (15)  include  the  following: — Members:  Eight 
Hou.  Lord  Merthyr  of  Senghenydd,  William  Barrow.  .Joseph 
Cook,  Tames  Fairley,  Grainger  Heslop,  Frederick  Charles 
Keighley,  David  Alexander  Louis,  George  May,   Peter  Yilbelm 
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Tuxen  and  Henry  Wall.  Associate  members:  George  Marie 
Capell,  Charles  William  Cliipohase  Henderson  and  George 
Humphreys-Davies.  Students:  lames  Robson  Brass  and  Ronald 
Edwin  White. 

The  resignations  (;!T)  include  the  following:  Honorary 
member:  John  Gerrard.  Members:  Douglas  Philip  Brown, 
William  Haslam  Cross,  Walter  Currie,  William  Charlton 
Daglish,  William  Galloway,  James  Edwin  Gowland,  William 
Stukeley  Gresley,  Robert  Grunson,  Henry  Wallace  Gregory 
Halbaum,  William  Spence  Haswell,  John  Hogg,  Bennet  Johns, 
Hugh  Liddell.  Thomas  Lishman,  Henry  William  Martin, 
Marshall  Greene  Moore.  Andrew  Robertson,  Jean  Adolf 
Roelofsen.  John  Baseley  Selby,  Frederick  Joseph  Stephens, 
Harry  Harkness  Stoek,  Alfred  John  George  Swinney,  James 
Turnbull,  Alexander  Houstonne  Ward,  William  Wilson  and 
William  Armstrong  Woodeson.  Associate  members:  Edward 
Haviland  Hiley  and  Percy  Buckton  Watt.  Associates:  John 
Valentine  Bell,  William  Cummings,  Frank  Forster,  Christopher 
Heaps,  Edward  Middlemass  Lewiss,  John  Thomas  Melville  and 
Richard  Charlton  Simpson.     Student:   Frank  Fletcher. 

The  Council  is  compiling  a  list  of  members  serving  with  the 
forces  and  the  following  list,  which  is  by  no  means  complete, 
shows  how  well  the  Institute  is  represented:  — 

Adam,  T.  W.  (Barnsley),  14th  Service  Battalion,  York  and  Lancaster  Regiment 

(Lieutenant). 
Aldis,  Gerald  (Seghill),  Army  Service  Corps  (Lieutenant). 
Almond,  C.   P.    (Enfield),  Royal  Engineers   (2nd  Lieutenant). 
Anhkrson,  R.   W.    (Wallsend),  Tvne  Electrical  Engineers   (Lieutenant). 
Ashton,  Sir  Robert  P.   | London),  4th  Queen's  (Railway  Guard)  (Major). 
Atkinson,  W.   H.   (Tow  Law),  Cadet  Officers'  Training  Corps. 
Avery,     W.      E.      (Birtley),      16th     Battalion,      Northumberland     Fusiliers 

(Lieutenant). 
Barber,     N.     E.     (Doncaster),    8th     Battalion,     King's     Royal     Rifles     (2nd 

Lieutenant). 
Barrett,  R.  S.  (Dudley),  Royal  Engineers,  Coast  Defence  (Lieutenant). 
Bell,    Marshall    B.    (Felling-upon-Tyne).    Naval    Auxiliary    Sick    Berth    Re- 
serves— St.   John's   Ambulance   Association    (Reserve   Ward   Master). 
Bigge,  D.  L.  Selby  (Glasgow),  Northumberland  Hussars  Imperial  Yeomanry 

(Lieut. -Colonel). 
Blackett,    G.    E.    (Sacriston),    1st /8th    Battalion,    Durham    Light    Infantry 

(2nd  Lieutenant). 
Blackett,    W.    C.    (Sacriston),    2nd/8th    Battalion,    Durham    Light   Infantry 

(Lieut. -Colonel). 
Blair,  R.  R.  (Whitehaven),  O.C.A.  Company,  5th  Battalion,  Border  Regiment 

(Captain). 
Booth,      James      F.       f  r  elling-upon-Tyne),      Royal      Army      Medical      Corps 

(Lieutenant). 
Bowen,    David    (Leeds),    2nd /8th    Battalion    (Leeds   Rifles),    West   Yorkshire 

Regiment   (Lieutenant). 
Brass,     J.     R.     (Sacriston),     lst/8th     Battalion,     Durham     Light     Infantry 

(Lieutenant).       Killed  in  action. 
Charlton,  B.  H.  (Tow  Law1),  4th  Battalion,  Yorkshire  Regiment  (Captain). 
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Charlton, G.  P.  H.  (Seaton  Delaval),  10th  Battalion,  Smith  Wales  Borderers 
(Lieutenant) 

Chipper,  Cecil  (Ovingham),  4th   Battalion,   Northumberland  Fusiliers  (Cap- 
tain). 
Clephan.  (iiY  (Newcastle-upon-Tyne),  2nd  Line,  4th  Northumbrian  (Howitzer) 

Field  Artillery   Brigade  (Lieutenant). 
Cooke,  11.  M.  A.  (Mysore,  India),  Kolar  Goldfield  Rifle  Volunteers  (Captain). 
Cothay,  F.  H.   (Sunderland),   Royal  Navy   (Temporary  Engineer  Lieutenant'). 
Coulson,  W.  H.  (Durham),  8th  Battalion,  Durham  Light  Infantry  (Captain). 
Coxon,    Samuel    B.    (Newcastle-upon-Tyne),    Mechanical    Transport    Section, 

Army  Service  Corps  (Corporal). 
Crawhall,  J.  S.  (Stanhope),  Royal  Engineers  (2nd  Lieutenant). 
Ckh  hton-Stuart,   Lord    Ninian    (Falkland,    Fife.-,  hi  re).   6th   Battalion,    Welsh 

Regiment  (Lieut.-Colonel). 
Dick-Clelani>.  A.    F.    (Mexico),  Royal   Engineers   (Lieutenant). 
Dillon,  N.  M.  (Seaham  Harbour),  14th  Battalion  (Pioneers),  Northumberland 

Fusiliers   (2nd  Lieutenant). 
Ditmas.    F.    I.    Leslie    (Hammerwich),    Deputy    Assistant    Director    Railway 

Transport  (Captain). 
Dixon,  Clement  (Bulawayo),  Rhodesia  Volunteer  Reserve  Force  (  ). 

Dixon.   George   (Newthorpe),    Royal  Engineers   (2nd  Lieutenant).     Killed   in 

action. 
Earnshaw,  Oscar   (Hamsterley  Colliery),   Northumberland  Hussars  Imperial 

Yeomanry   ( Sergeant). 
English,    II.    E.    (Fence    Houses),    9th    Battalion,    Durham    Light    Infantry 

(Captain). 
English,  John   (Felling-upon-Tyue),  9th   (Service)  Battalion,   Durham  Light 

Infantry  (Major). 
Ford,  L.   D.   (Bokaro,  India),  2nd  Battalion,   Queen   Victoria's  Own  Sappers 

and   Miners  (2nd  Lieutenant). 
Garrett,  F.  C.  (Newcastle-upon-Tyne),  Northern  Cyclists'  Reserve  Battalion 

(Lieut.-Colonel). 
Creenwell.  0.   H.   (Poynton),  2nd   8th  Battalion,  Manchester  Regiment   (2nd 

Lieutenant). 
Gregson,    E.    M.    (Southport),    1st    ith    Battalion,    Loyal    North    Lancashire 

Regiment  (Captain). 
Gregson,   G.   A.    (Southport),  Royal   Engineers    (Lieutenant). 
Guthrie,  K.  M.    (Darlington),  8th  Battalion,  Durham  Light  Infantry    (2nd 

Lieutenant). 
Hall,  Rowley   (South  Hylton),  17th   (Service)  Battalion,   Durham  Light  In- 
fantry' (Corporal). 
Bancs,  H.  M.  (Nagpnr,  India),  Indian  Army  Reserve  of  Officers,  attached  to 

176th  Company  Royal  Engineers  (Lieutenant).     Awarded  Military  Cross. 
Hare,    A.    B.    (Bishop    Auckland),    6th    Battalion,    Durham    Light    Infantry 

(Lieutenant). 
Hay,     Douglas     (Durham),     50th     (Northumbrian)     Divisional     Ammunition 

Column,  Royal  Field  Artillery  (Lieutenant). 
Heatherington,  Arnold  (Birtley),  Border  Regiment  (Private). 
Hopper,  G.   W.   N.    (Stockton-upon-Tees),  5th  Battalion,   Durham   Light   In- 
fantry (Major). 
Hunter,     J.     Percy     (Newcastle-upon-Tyne),     Royal     Field     Artillery     (2nd 

Lieutenant). 
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I'Anson-Robson,   W.  L.    (Newcastle-upon-Tyne),   Tynemouth  Royal  Garrison 

Artillery   (Lieutenant). 
Jacobs,  George  (Sunderland),  Royal  Army  Medical  Corps  (Corporal). 
Johnson,  H.  H.  (London),  Royal  Sussex  Regiment  (Captain). 
Kayll,  A.  C.  (  Newcastle-upon-Tyne),  6th  Battalion,  Northumberland  Fusiliers, 

Second  Line  (Lieut. -Colonel). 
Kent,    G.    H.    S.    (Newcastle-upon-Tyne),    Motor    Cycle    Scout,    3rd    Cavalry 

Brigade  (Corporal,  Royal  Engineers). 
Kirkup,  E.  H.  (Birtley),  8th  Battalion,  Durham  Light  Infantry  (Captain). 
Kirkup,  Philip,  Jun.  (Birtley),  8th  Battalion,  Durham  Light  Infantry,  First 

Line  (Lieutenant). 
Lacey,  F.  P.  S.   (Manchester),  Royal  Artillery  (Lieutenant). 
Leybourne,   Elliot   Angus    (Gateshead-upOn-Tyne),   8th   Battalion.    Durham 

Light  Infantry   (Lieutenant). 
Logan,  R.  S.  M.  (Newburn),  4th  Battalion,  Northumberland  Fusiliers  (Cap- 
tain). 
Lyall,  Edward  (Darlington),  Royal  Army  Medical  Corps  (Lieutenant). 
Martin,  Tom  Pattinson,  Jun.    (Workington),  Argyll   and   Sutherland   High- 
landers (Lance-Corporal). 
Meriyale,    Vernon    (Acklington),    7th    Battalion,    Northumberland    Fusiliers 

(Captain). 
Morgans.  Godfrey  E.   (London),  Royal   Naval  Divisional  Engineer.-.  (Major). 
Morison,    A.    M.    (Acklington),    Royal    Flying   Corps,    Military    Wing    (2nd 

Lieutenant). 
Muse,  T.  J.  (Newcastle-upon-Tyne),  9th  Battalion,  Northumberland  Fusiliers 

(Corporal). 
Nelson,  R.  (London),  17th  (Service)  Battalion,  Northumberland  Fusiliers  (2nd 

Lieutenant). 
Nicholson,  J.  H.  (Blyth),  Royal  Garrison  Artillery  (Major). 
I'arringtox,  M.  L.  (Sunderland),  Coldstream  Guards  (Corporal). 
Pearson,    R.    G.    (Paardekop,    Transvaal),    Botha's    Xatal    Horse    Regiment, 

South  Africa  (Captain) 
I'ringlk.  J.   A.    (Maiikuppam,   India),   Kolar  Goldfield   Rifle  Volunteers    (2nd 

Lieutenant). 
PniPHHEY,  C.  E.  (Ryton-upon-Tyne),  10th  Battalion,  Durham  Light  Infantry 

(  Lieutenant). 
Ridley,   William     (Tow  Law),     8th     Battalion,     Durham     Light     Infantry 

(Lieutenant). 
Ritson,  J.  R.   (Durham),  8th  Battalion,  Durham  Light  Infantry  (Major). 
Rogers,  J.  N.  O.  (Hetton-le-Hole),  1st /8th  Battalion,  Durham  Light  Infantry 

(2nd   Lieutenant). 
Roose,  H.  F.  G.  (Chile,  South  America),  London  Electrical  Engineers  (Royal 

Engineers,  2nd  Lieutenant). 
Saint,  T.  A.   (Newcastle-upon-Tyne),  8th  Battalion,  Durham  Light  Infantry 

(Lieutenant). 
Scott,    C.    W.    (Gateshead-upon-Tyne),    19th    (Service)   Battalion,    Northum- 
berland Fusiliers  (2nd   Lieutenant). 
Scott,    Herbert   K.    (London),   Northumberland  Hussars  Imperial  Yeomanry 

I  2nd  Lieutenant). 
Shapley,      C.     E.     W.     (Torquay),     5th     Battalion,     Devon     Regiment     (2nd 

Lieutenant). 
Shiel,    F.    R.    A.    (Burnopfield),    1st    Northumbrian    Brigade,    Royal    Field 

Artillery    (Captain). 
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Simpson,   Claude   P.    B.    (Blaydon-upon-Tyne),    1st /9th    Battalion,    Durham 

Light    Int. mi  ry   i  Lieutenanl ). 
SiMi'Sds.    |\    K.    (Blaydon-upon-Tyne),    2nd  '. >t h    Battalion,    Durham    Light 

Infant  i  \    (( lolonel). 

I'kkky,    A.    M.    (Newcastle-upon-Tyne),    Durham    Portress    Boyal    Engineers 

(Major). 
Thomas,  \l.  Clabr  (Washington),  9th  Battalion.  Durham  Light  [nfantry  (2ml 

Lieutenanl ). 
Thomlinson,    William    (Seaton    Carew),    19th    'Service)    Battalion,    Durham 

Light  Infantry  (Major). 
Yak v ill,   \Y.    W.    (Talybont),  4th  Battalion,  Northumberland   Fusiliers   (2nd 

Lieutenant). 
Walton-Brown,  Stanley   (Seghill),  Army  Service  Corps   (Lieutenant). 
Watson,    Thomas,  Jun.  (Darlington),  17th  (Service)  Battalion,  Durham  Light 

Infantry  ^2nd  Lieutenant). 
Weeks,  F.  M.  (Craghead),  Sth  Battalion,  Durham  Light  Infantry,  First  Line 

(2nd  Lieutenant). 
White,  K.  E.   (Blyth),  Boyal  Engineers  (2nd  Lieutenant).     Killed  in  nttinn. 
\\  iiitehead,  Percy  C.  (Torquay),  Royal  Field  Artillery  (2nd  Lieutenant). 
Wilbkaham,   A.    G.   B.    (London),   Royal   Anglesey    (Special    Reserve),    Royal 

Engineers  (Lieutenant). 
Wild,  R.   P.   (Cheltenham),  L3th  (Forest  of  Dean)  Battalion,  Gloucestershire 

Regiment    (2nd   Lieutenant). 
Wilkinson,  W.  F.   (Whitchurch),  Railway  Transport  (Captain). 
Wilson,  W.  Smith  (Newcastle-upon-Tyne),  Durham  Fortress  Royal  Engineers 

(Lieutenant). 
Wood,  T.  O.   (Cramlington),  7th  Battalion,  Northumberland  Fusiliers  (Cap- 
tain). 
Wraith,  C.  O.   (Leeuwpoort,  Transvaal),  East  African  Pioneers   (Private). 
Whightson,    W.     I.     (Stockton-upon-Tees),    5th     Battalion,     Durham     Light 

Infantry    (2nd   Lieutenant). 
JTOTTNG,  Charles  (Rowlands  Gill),  St.  John's  Ambulance  Brigade   (Corporal). 
Young,   J.    A.    (Gateshead-upon-Tyne),    V.D.,    National    Reserve    (Major   and 

Hon.  Lieut. -Colonel. 

The  Library  has  been  maintained  in  an  efficient  condition 
during  the  year;  the  additions,  by  donation,  exchange  and  pur- 
chase, include  600  hound  volumes  and  2(i  pamphlets,  reports, 
etc.;  and  the  Library  now  contains  about  15,339  volumes  and 
557  unbound  pamphlets.  A  card-catalogue  of  the  books,  etc., 
contained  in  the  Library  renders  them  easily  available  for 
reference. 

Members  would  render  useful  service  to  the  profession  by  the 
pics. 'illation  (ii  books,  reports,  plans,  etc.,  to  the  Institute,  to 
lie  preserved  in  the  Library,  and  thereby  become  available  for 
reference. 

An  exchange  of  Transactions  has  been  arranged,  during'  the 
year,  with  the  Sudan  Geological  Survey. 

The  course  of  lectures  for  colliery  engineers,  enginewrights, 
and  apprentice  mechanics  arranged  to  lake  wi  Armstrong  College 
were  suspended  on  account  of  the  war. 

Mr.  Thomas  Douglas  continues  to  represent  the  Enstitute  as 
a  Governor  of  Armstrong  College,  and  Mr.  J  (dm  II.  Merivale,  in 
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((injunction  with  the  President  (Mr.  T.  Y.  Greener),  represents 
the  Institute  on  the  Council  of  the  College. 

Mr.  Thomas  Edgar  Jobling  continues  to  represent  the  Insti- 
tute upon  the  Board  of  Directors  of  the  Institute  and  Coal  Trade 
Chambers  Company ,  Limited. 

The  President  continues  a  Representative  Governor  upon  the 
Court  of  Governors  of  the  University  of  Durham  College  of 
Medicine  during  his  term  of  office. 

The  International  Congress  of  Mining,  Metallurgy,  Applied 
Mechanics  and  Practical  Geologv.  which  was  to  have  taken  place 
in  London  during  the  year  1915,  was  abandoned  on  account  of 
the  war. 

The  representatives  of  the  Institute  upon  the  Council  of  The 
Institution  of  Mining  Engineers  during  the  past  year  were  as 
follows: — His  Grace  the  Duke  of  Northumberland,  Messrs. 
P.  S.  Anderson,  W.  C.  Blackett,  W.  Cochran  Carr,  Benjamin 
Dodd,  J.  W.  Frvar,  T.  Y.  Greener,  Reginald  Guthrie,  Samuel 
Hare,  A.  M.  Hedlev,  T.  E.  Jobling,  J.  P.  Kirkup,  Philip 
Kirkup,  C.  C.  Leach,  Henry  Louis,  J.  H.  Merivale,  W.  C. 
Mountain.  P.  E.  Ornsby,  Walter  Rowley,  P.  P.  Simpson,  .John 
Simpson,  Simon  Tate,  J.  G.  Weeks,  W.  13.  Wilson  and  E. 
Seymour  Wood. 

Under  the  will  of  the  late  Mr.  John  Daglish,  funds  have 
been  placed  at  the  disposal  of  Armstrong  College  for  founding  a 
Travelling  Fellowship,  to  be  called  the  "  Daglish  "  Fellowship, 
candidates  for  which  must  be  nominated  by  the  Institute.  Mr. 
Samuel  Dean  was,  in  January,  1915,  again  awarded  the  Fellow- 
ship, and  suitable  arrangements  have  been  made  for  Mr.  Dean  to 
gain   knowledge  and  experience  abroad. 

G.  C.  Greenwell  gold,  silver  and  bronze  medals  may  be 
awarded  annually  for  approved  papers  "  recording  the  results  of 
experience  of  interest  in  mining,  and  especially  where  deductions 
and  practical  suggestions  are  made  by  the  writer  for  the  avoidance 
of  accidents  in  mines." 

A  G.  C.  Greenwell  bronze  medal  has  been  awarded  to  Mr. 
Robert  Clive  for  his  paper  upon  "  Stone-dusting  at  Bentley 
Colliery :  Report  to  the  Doncaster  Coal  Owners'  (Gob-fires) 
Committee." 

Prizes  have  been  awarded  to  the  writers  of  the  following 
papers,  communicated  to  the  members  during  the  year 
1914-1915:  — 

"  Coal-mining  in  Mexico."   By  Mr.  Edward  Otto  Forster  Brown,  M.I.M.E. 
"  Notes  on  Coal -mining  in  the  State  of  Illinois,  United  States  of  America." 

By  Mr.  Samuel  Dean,  M.I.M.E. 
"  Eydraulic  Stowing  in  the  Gold-mines  of  the  Witwatersrand."     By  Mr. 

Berent  Conrad  Gullachsen,  M.I.M.E. 
"  The  Prevention  of  Overwinding  and  Overspeeding  in  Shafts."     By  Mr. 

Gordon  George  Thomas  Poole,  M.I.M.E. 

The  papers  printed  in  the  Transactions  during  the  year  are 

as  follows :  — 

"The   Killingworth   Colliery    (New   South   Wales)   Explosion."     By   Mr. 
James  Ashworth. 
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"Coal-mining  in  Mexico."    By  Mr.  Edward  Otto  Forster  Brown,  M.I.M.E. 
••  The  Maikop  Oilfield,  South  Russia."     By  Mr.  William  Calder,  M.I.M.E. 
"Mining  in  Burma."     Part  I      By  Mr.  Cecil  William  Chater,  M.I.M.E. 
"Winding-engine  Signals."    By  Mr.  Wilfrid  H.  Davis. 
"  Notes  on  Coal-mining  in  t  he  Stale  of  Illinois.  United  Slate-  of  America." 

By   Mr.   Samuel    Dean.   M.I.M.E 
"Coal-mining  in  the  state  of  Pennsylvania,   United  states  of  America." 

By  Mr.   Samuel    Dean.  M.I.M.E. 
"  Hydraulic  Stowing  in  the  Gold-mines  of  the  Witwatersrand."    By  Mr. 

Be  re  nt    Conrad   Gullaclisen,    M.I.M.E. 
"The    Lateral     Friction    of    Winding-ropes."      By    Mr.    Henry    Wallace 

Gregory   Balbaum,  M.I.M.E. 
"The     Winding-drums    of     Practice     and     of    Theory;     with     Note-,     on 

Factors  of  Safety  and   Economy  of   Winding-ropes."     By   Mr.    Henry 

Wallace   Gregory    Halbaum,   M.I.M.E. 
"  The  Prevention  of  Overwinding  and  Overspeeding  in  Shafts."     By  Mr. 

Gordon   George   Thomas   Poole,    M.I.M.E. 
"A     Portable     Electrical     das-detecting    Device    for    Use    with    Miners' 

Lamps."     By  Mr.   George  J.   Ralph. 

X(i  excursion  meetings  have  been  held  during  the  year.  The 
Council  hope  to  re-arrange  the  postponed  excursion  to  Eskineals 
on  the  conclusion  of  the  war. 

During  the  year  Mr.  \Y.  0.  Tate  presented  a  lamp  to  the 
collection  which  the  Institute  are  forming  to  replace  that 
destroyed  by  tire  at  the  Brussels  Exhibition. 

The  rooms  of  the  Institute  have  been  used,  during  the  year,  by 
the  Newcastle-upon-Tyne  Economic  Society;  the  North-East 
Coast  Association  of  Chartered  Secretaries;  the  Armstrong' 
College;  the  Newcastle  Local  Section  of  the  Institution  of 
Electrical  Engineers;  the  North  of  England  Branch  of  the 
Association  of  Mining  Electrical  Engineers;  the  British 
Koundryniens'  Association:  the  Newcastle  Jewish  Literary  and 
Social  Society;  the  Lawn  Tennis  Association:  and  the  North  of 
England  Gas  Managers3  Association. 

The  Council  beg  to  report  that  the  North  Eastern  Railway 
Company  have,  for  the  present,  withdrawn  the  privilege  of 
reduced  railway-fares  to  members  attending  general  or  excursion 
meetings  of  the  Institute.  The  Council  hope,  however,  that 
should  the  concession  be  renewed  after  the  war  it  will  lead  to 
an  increased  attendance  at  the  meetings. 

The  Institution  of  Mining  Engineers  has  now  completed  its 
twenty-sixth  year,  and  the  members  are  to  be  congratulated  on 
its  progress.  During  the  year  it  has  been  granted  a  Royal  Charter 
of  Incorporation. 

Meetings  were  held  in  Stoke-upon-Trent  in  September,  1914, 
and  in  London  in  June,  1915. 


\\\l    \l.     EtBPOHT    OF    THE    FINANCE    COMMITTEE. 


.WMAL  REPORT  OF  THE  FINANCE  COMMITTEE, 

1914-1915. 

A  statement  of  accounts  for  the  year  ending  -June  30th, 
L915,  duly  audited,  is  submitted  herewith  by  the  Finance  Com- 
mittee. 

The  total  receipts  were  £2,697  9s.  5d.  Of  this  amount 
£42  8s.  \v;is  paid  as  subscriptions  in  advance,  leaving" 
£2,655  Is.  5d.  as  the  ordinary  income  of  the  year,  as  compared 
with  £2,749  lis.  9d.  in  the  previous  year.  The  amount  received 
as  ordinary  subscriptions  for  the  year  was  £1,966  lis.,  and 
arrears  £194  17s..  as  against  £2,104  12s.  and  £249  T5s.  respec- 
tively in  the  year  1913-14.  Transactions  sold  realized 
£8  17s.  5d.,  as  compared  with  £31  13s.  5d.,  and  the  amount 
received  for  interest  on  investments  was  £396  15s.,  as  compared 
with  £398  Is.  l()d.  the  previous  year. 

The  expenditure  was  £2,271  0s.  5d.,  as  against  ±,"-2.752  9s.  5d. 
in  the  previous  year.  Increases  are  shown  in  rent,  rates,  and 
taxes.  Library  purchases,  postages,  telephones,  etc.,  and  report- 
ing. Decreases  are  shown  in  the  contributions  to  The  Institu- 
tion of  Mining  Engineers,  salaries  and  wages,  insurance,  heat- 
ing, liuh ting,  and  water,  furniture  and  repairs,  printing  and 
stationery,  incidental  expenses,  travelling  expenses,  prizes  for 
papers,  and  library  catalogue. 

The  balance  of  income  over  expenditure  was  £42(>  9s.,  and 
adding  to  this  the  amount  of  £(>74  5s.  lid.  from  the  previous 
year,  leaves  a  credit  balance  of  £1,100  14s.   6d. 

The  names  of  25  persons  have  been  struck  off  the  member- 
ship list  in  consequence  of  non-payment  of  subscriptions.  The 
amount  of  subscriptions  written  off  was  £140  18s.,  of  which  £78 
was  for  sums  due  for  the  year  1914-1915,  and  £62  ISs.  for 
arrears. 

Tt  is  probable  that  a  considerable  proportion  of  this  amount 
will  be  recovered  and  credited  in  future  years.  Of  the  amount 
previously  written  off  £49  2s.  was  recovered  during  the  past 
year. 

THOS.  Y.  GREEXER,  President. 
August  5th,  1915 
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XIV  ACCOUNTS. 

Dr.  The  Tbbasubeb  in  Account  with  The  Nobth  of  England 

fob  the  yeab  ending 

June  30th,  1914. 

To  balance  of  account  at  bankers     ...         

„         ,,       in  Treasurer's  hands 

June  30th,  1915. 

To  dividend  of  7£  per  cent,  on  207  shares  of  £20  each  in 
the  Institute  and  Coal  Trade  Chambers  Company, 
Limited,  for  the  year  ending  June  30th,  1915        ...       310  10     0 

,,    interest  on  mortgage  of  £1,400  with  the  Institute  and 

Coal  Trade  Chambers  Company,  Limited     49     0     0 

„  dividend  on  £340  consolidated  5  per  cent,  preference 
stock  of  the  Newcastle  and  Gateshead  Water 
Company  ...  ...  •••  •••  •••  ...         17     0     0 

„    dividend  on  £450  ordinary  stock  of  the  Newcastle  and 

Gateshead  Gas  Company  ...  ...         20     5     0 


396  15     0 
To  sales  of  Transactions         ...  ...  ...  ...  ...  8  17     5 

Capital  Fund  :  amount  received  on  account  of  £155  15s.  3d. 

paid  by  the  Institute  last  year  ...  ...  ...  125     0     0 

To  Subscriptions  fob  1914-1915,  as  follows: — 

664  members @  £2  2s. 

76  associate  members  ...  ...         @  £2  2s. 

158  associates  ...         ...         ...         ...         @  £1  5s. 

23  students     @  £1  5s. 

21  new  members         ...         ...  ...         @  £2  2s. 

3  new  associate  members    ...  ...  @  £2  2s. 

8  new  associates       ...  ...  ...  (w  £1  5s. 

10  new  students  ...  ...  ...         @  £1  5s. 

1  new  subscribing  firm        ...  ...         @,  £2  2s. 

34  subscribing  firms... 

1.966  11     0 
Less,  subscriptions  for  current  year  paid  in  advance 

at  the  end  of  last  year  ...  36  19     0 

1,929  12     0 
Add.  arrears  received      ...  ...  ...  ...  ...        194  17     0 


1,394  8 

0 

159  12 

0 

197  10 

0 

28  15 

0 

44  2 

0 

6  6 

0 

10  0 

0 

12  10 

0 

2  2 

0 

1,855  5 

0 

111  6 

0 

Add,  subscriptions    paid  in   advance   during    current 
year        


2.124     9     0 
42     8     0 


2,166  17     0 


£3,371  14  11 
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June  30th.  1915. 


Ck. 


June  30th,  1915. 
By  salaries  and  wages 

.,  insurance 

.,  rent,  rates,  uiul  tuxes 

.,  heating,  lighting,  etc. 

,,  furniture  and  repairs 

.,  bankers'  charges     ... 

„  library 

,,  printing,  stationery,  etc.   ... 

,,  postages,  telephones,  etc.   ... 

,,  incidental  expenses 

..  travelling  expenses 

.,  prizes  for  papers    ... 

,,  reporting  general  meetings 

.,  library  catalogue     ... 

,.  stamping  receipts  for  subscriptions         ...  ... 

..   International  Congress  of  Mining,  Metallurgy,  Applied 

Mechanics   and    Practical  Geology,   London,  1915, 

7.1  per  cent,  of  guarantee 
„   law  charges... 

By  The  Institution  of  Mining  Engineers:    Calls,  etc. 
Less,  amounts  paid  by  authors  for  excerpts 


£   s. 

d. 

438  6 

7 

13  11 

3 

38  19 

7 

15  3 

7 

96  3 

8 

21  0 

0 

43  6 

3 

173  1 

2 

91  1 

5 

69  15 

11 

26  8 

4 

5  5 

0 

14  14 

0 

3  0 

0 

20  16 

8 

7  10 

0 

1  1 

0 

1,193  10 
1  14 


1,079     4     5 


1.191  16     0 


By  first  instalment  on  account  of  £500  ih  per  cent.  War 
Loan.  1925  1945  

By  balance  of  account  at  bankers :  deposit  account  ...  500  0  0 
i)  ii  n  „  current  account  ...  520  0  3 
i,         ,,         in  Treasurer's  bands       ...  55  14     3 


2.271     0     5 
25     0     0 

1,075  14     6 


£3,371  14  11 
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ACCOUNTS. 


Db.  Thb  Tbbasttbeb  of  The  Nobth  of  England  Institute  of  Minino 


To  846  members, 

52  of  whom  have  paid  life-compositions. 

794 

2  not  included  in  printed  list. 

796  @  £2  2s. 

To     97  associate  members. 

10  of  whom  have  paid  life-compositions. 


87 


@  £2  2s. 


£       s.    d.       £       s.    d.       £       s.    d. 


To  206  associates, 

1  of  whom  has  paid  a  life-composition. 

205 

1  not  included  in  printed  list. 

206  @  £1  5s- 

To  34  students  @  £1  5s. 

To  35  subscribing  firms 

To  21  new  members  @  £2  2s. 

To       3  new  associate  members  (S  £2  2s. 

To       8  new  associates  (a)  £1  5s. 

To  10  new  students  @  £1  5s. 

To       1  new  subscribing  firm  @  £2  2s. 

To  arrears,  as  per  balance-sheet,  1913-1914    ... 

Add,  arrears  considered  irrecoverable,  but  since  paid 

To  subscriptions  paid  in  advance  during  the  current  year 


1,671  12     0 


182  14     0 


257  10  0 

42  10  0 

113     8  0 

44     2  0 

6     6  0 

10     0  0 

12   10  0 

2     2  0 

231  14  0 

49     2  0 


2,267  14     0 


75     0     0 


280  16     0 
42     8    0 


£2,665  18    0 
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and  Mechanical  Engineers  in  Account  with  Subscriptions,  1914-1915.       Cr. 


paid. 
£      s.  d. 

By  66 1  members,  paid @  £2  2s.  1,394     8     0 

106         „  unpaid  ...  (a  £2  2s 

7         „  resigned         ...  @,  £2  2s.  

1  ,,  excused  payment        @,  £2  2s.  

2  „  dead @  £2  2s 

10         „  struck  off  list  @  £2  2s 


By    34  subscribing  firms,   paid  ...  ...       Ill     6  0  

1  „  „      unpaid        ...         2     2     0 

35 

By    21  new  members,  paid        ...         @  £2  2s.         44     2  0  

By      3  new  associate  members,  paid     @  £2  2s.  6     6  0  

By      8  new  associates,  paid       ...  @  £1  5s.         10     0  0  

By    10  new  students,  paid         ...         @  £1  5s.         12  10  0  

By       1  new  subscribing  firm,  paid        @  £2  2s.  2     2  0  

1,966  11  0 

By  arrears  194  17  0 

2,161     8  0 
By  subscriptions  paid  in  advance    during  tbe 

current  year      ...         ...         ...         ...         42     8  0 


STRUCK  OFF 

UNPAID. 

LIST. 

£   s.  d. 

£   s.  d. 

!22  12  0 

14  14  O 

2  2  0 

4  4  0 

33  12  0 

796 

By    76  associate  members,  paid  @  £2  2s.       159  12     0           

7         „  „         unpaid         @  £2  2s 14  14     0             

1         „  „         resigned      @  £2  2s 2     2     0 

1  „  „        dead             @  £2  2s 2     2     0 

2  „  „     struck  off  list  @  £2  2s 4     4     0 

87 

By  158  associates,  paid @  £1  5s.       197  10     0           

39         „  unpaid           ...          @  £1  5s 48  15     0             

2         „  resigned        ...         @  £1  5s 2  10     0 

7  „  struck  off  list           @  £1  5s 8  15     0 

206 

By    23  students,  paid     @  £1  5s.         28  15     0           

8  „  unpaid            ...          @  £1  5s 10     0     0             

1  „  resigned         ...         @  £1  5s 15     0 

2  „  dead ®  £1  5s 2  10     0 

34 


298  3  0 

78  0  0 

23  1  0 

62  18  0 

2.203  16     0      321     4     0       140  18     0 
£2,665^18    0 


LIST    OF    COMMITTEES. 


LIST  OF  COMMITTEES  APPOINTED  BY  THE  COUNCIL, 

1915-1916. 


Mr.  Sidney  Bates. 

Mr.  W.  C.  Blackett. 

Mr.  C.   S.  Carnes. 

Mr.  W.  Cochran  Carr. 


Finance  Committee. 

Mr.  Thomas  Douglas. 
Mr.  T.  E.  Forster. 
Mr.  T.  E.  Jobling. 

Mr.   C.  C.   Leach. 
Mr.  John  Morison. 


Mr.  M.  W.  Parrington. 
Mr.  John  Simpson. 
Mr.  J.  B.  Simpson. 
Mr.  J.  G.  Weeks. 


Mr.  Sidney  Bates. 

Mr.  W.  C.  Blackett. 

Mr.  C.   S.  Carnes. 

Mr.  W.  Cochran  Carr. 


Arrears  Committee. 
Mr.  Thomas  Douglas. 
Mr.  T.   E.  Forster. 
Mr.  T.  E.  Jobling. 
Mr.   C.  C  Leach. 
Mr.  John  Morison. 


Mr.   M.  W.  Parrington. 
Mr.  John  Simpson. 
Mr.  J.  B.  Simpson. 
Mr.  J.  G.  Weeks. 


Mr.  R.  S.  Anderson. 
Mr.  J.  B.  Atkinson. 
Mr.  R.  W.  Berkley. 
Mr.  Frank  Coulson. 
Mr.   Benjamin  Dodd. 


Library  Committee. 

Mr.  Mark  Ford. 
Mr.  J.  H.  B.  Forstek. 
Mr.  T.  E.  Forster. 
Mr.  A.  M.  Hedley. 
Mr.   A.   C.    Kayll. 


Prof.  Henry  Louis. 
Mr.  W.  C.  Mountain. 
Mr.  F.  R.  Simpson. 
Mr.  John  Simpson. 
Mr.  J.  G.  Weeks. 


Mr.  J.   B.   Atkinson. 
Mr.  R.   W.  Berkley. 
Mr.  C.  8.  Carnes. 
Mr.  T.   E.   Forster. 


Prizes  Committee. 

Mr.  Samuel  Hare. 
Mr.  C.  C.  Leach. 
Prof.  Henry  Loiis. 
Mr.  W.  C.  Mountain. 


Mr.  John  Simpson. 
Mr.   Simon  Tate. 
Mr.  J.  G.   Weeks. 
Mr.  E.  Seymour  Wood. 


Selection  and  Editing  of  Papers  Committee. 


Mr.   J.  B.  Atkinson. 
Prof.  P.  Phillips  Bedson 
Mi.   W.  C.   Blackett. 


Mr.  H.  F.  Bulman. 
Mr.  T.  E.  Forster. 
Mr.  Philip  Kirkup. 
Prof.  G.  A.  L.  Lebour. 


Prof.  Henry  Louis. 
Mr.  W.  C.  Mountain. 
Mr.  J.  G.  Weeks. 


N.B.  —The  President  is  ex-officio  on  all  Committees. 


REPRESENTATIVES    ON    THE    COUNCIL    OF    THE 

INSTITUTION    OF   MINING    ENGINEERS, 

1915-1916. 


Mr.  R.  S.  Anderson. 
Mi  .  Sidney  Bates. 
Mr.  W.  C.  Blackett. 
Mr.  W.  Cochran  Carr. 
Mr.  Benjamin  Dodd. 
Mr.  J.  W.  Fryar. 
Mr.  T.  Y.  Greener. 
Mr.  Reginald  Guthrie. 


Mr.  Samuel  Hare. 
Mr.  A.  M.  Hedley. 
Mr.  T.  E.  Jobling. 
Mr.  J.  P.  Kirkup. 
Mr.  Philip  Kirkup. 
Mr.  C.  C.  Leach. 
Prof.  Henry  Louis. 
Mr.  J.  H.  Merivale. 


Mr.  Vf.  C.  Mountain. 
Mr.  R.  E.  Ornsby. 
Mr.  Walter  Rowley. 
Mr.  F.  R.  Simpson. 
Mr.  John  Simpson. 
Mr.  J.  G.  Weeks. 
Mr.  W.  B.  Wilson. 
Mr.  E.  Seymour  Wood. 


OFFICERS.  xix 

OFFICERS,     1915-191*;. 


PAST-PRESIDENTS  (ex-offirio). 
Sir  LINDSAY  WOOD,  Bart.,  The  Hermitage,  Chester-le-Street. 
Mr.  JOHN  BELL  SIMPSON,  Bradley  Hall,  Wylam,  Northumberland. 
Mr.  THOMAS  DOUGLAS.  The  Garth,  Darlington. 

Mr.  WILLIAM  ARMSTRONG,  Elmtield  Lodge,  Gosforth,  Newcastle-upon-Tyne. 
Mr.  JOHN  GEORGE  WEEKS,  Bedlington,  Northumberland. 
Mr.  WILLIAM  OUTTERSON  WOOD,  South  Hetton,  Sunderland. 
Mr.  JOHN  HERMAN  MERIVALE,  Togston  Hall,  Acklington,  Northumberland. 
Mr.  THOMAS  EMERSON  FORSTER,  3,  Eldon  Square,  Newcastle-upon-Tyne. 
Mr.  MATTHEW  WILLIAM  PARRINGTON,  Wearmouth  Colliery,  Sunderland. 
Mr.  WILLIAM  CUTHBERT  BLACKETT,  Acorn  Close,  Sacriston,  Durham. 

PRESIDENT. 
Mr.  THOMAS  YOUNG  GREENER,  Urpeth  Lodge,  Beamish,  County  Durham. 

VICE-PRESIDENTS. 

Mr.  JOHN  BOLAND  ATKINSON,  9,  Kensington  Terrace,  Newcastle-upon-Tyne. 

Mr.  SAMUEL  HARE,  Howlish  Hall,  Bishop  Auckland. 

Mr.  THOMAS  EDGAR  JOBLING,  Bebside,  Northumberland. 

Mr.  CHARLES  CATTERALL  LEACH,  Seghill  Hall,  Northumberland. 

Prof.  HENRY  LOUIS,  4,  Osborne  Terrace,  Newcastle-upon-Tyne. 

Mr.  FRANK     ROBERT     SIMPSON,     Hedgefield     House,     Blaydon-upon-Tyne, 
County  Durham. 

COUNCILLORS. 

Mr.  ROBERT  SIMPSON  ANDERSON,  Highfield,  Wallsend,  Northumberland. 

Mr.   HENRY  ARMSTRONG,  Collingwood  Buildings,  Collingwood  Street,  New- 
castle-upon-Tjme. 

Mr.  SIDNEY  BATES,  The  Grange,  Prudhoe,  Ovingham,  Northumberland. 

Mr.  RICHARD  WILLIAM  BERKLEY,  Marley  Hill,  Swalwell,  County  Durham. 

Mr.  CHARLES  SPEARMAN  CARNES,  Marsden  Hall,  South  Shields. 

Mr.  WILLIAM  COCHRAN  CARR,  Benwell  Colliery,  Newcastle-upon-Tyne. 

Mr.  FRANK  COULSON,  Shamrock  House,  Durham. 

Mr.  BENJAMIN  DODD,  Percy  House,  Neville's  Cross,  Durham. 

Mr.  MARK  FORD,  Washington  Colliery,  Washington  Station,  County  Durham. 

Mr.  JOHN  HENRY  BACON  FORSTER,  Whitworth  House,  Spennynioor. 

Mr.  ARTHUR  MORTON  HEDLEY,  Eston  House,  Eston,  Yorkshire. 

Mr.  ALFRED  CHARLES  KAYLL,  Gosforth,  Newcastle-upon-Tyne. 

Mr.  JOHN  MORISON,  14,  Saville  Row,  Newcastle-upon-Tyne. 

Mr.  WILLIAM  CHARLES  MOUNTAIN,  8,  Sydenham  Terrace,  Newcastle-upon- 
Tyne. 

Mr.  JOHN  SIMPSON,  Follonsby,  Hawthorn  Gardens,  Monkseaton,  Whitley  Bay, 
Northumberland. 

Mr.  SIMON  TATE,  Trimdon  Grange  Colliery,  County  Durham. 

Mi.  RICHARD  LLEWELLYN  WEEKS,  Willington,  County  Durham. 

Mr.  ERNEST  SEYMOUR  WOOD,  Cornwall  House,  Murton,  County  Durham. 

TREASURER. 
Mr.  REGINALD  GUTHRIE,  Neville  Hall,  Newcastle-upon-Tyne. 

SECRETARY. 
Mr.  JOHN  HERMAN  MERIVALE,  Neville  Hall,  Newcastle-upon-Tyne. 

ASSISTANT    SECRETARY. 
Mr.  ALLAN  CORDNER,  Neville  Hall,  Newcastle-upon-Tyne. 

AUDITORS. 
Messrs.  JOHN  G.  BENSON  and  SONS,  Newcastle-upon-Tyne. 

BANKERS. 
LLOYDS  BANK  LIMITED  (LAMBTON'S  BRANCH),  Grey  Street,  Newcastle- 
upon-Tyne. 


LIST    OF    MEMBERS. 

LIST     OF     MEMBERS, 

AUGUST  7,  1915. 


PATRONS. 

His  Grace  the  DUKE  OF  NORTHUMBERLAND. 

The  Most  Honourable  the  MARQUESS  OF  LONDONDERRY 

The  Right  Honourable  the  EARL  OF  DURHAM. 

The  Right  Honourable  the  EARL  GREY. 

The  Right  Honourable  the  EARL  OF  LONSDALE. 

The  Right  Honourable  the  EARL  OF  WHARNCLIFFE. 

The  Right  Reverend  the  LORD  BISHOP  OF  DURHAM. 

The  Right  Honourable  LORD  ALLENDALE.   " 

The  Right  Honourable  LORD  BARNARD. 

The  Right  Honourable  LORD  RAVENSWORTH. 

The  Very  Reverend  the  DEAN  AND  CHAPTER  OF  DURHAM. 


HONORARY  MEMBERS  (Hon.  M.I.M.E.). 

*  Honorary  .Members  during  term  of  office  only. 

Date  of  Election. 

1  JOHN  BOLAND  ATKINSON,  9,  Kensington  Terrace,  New- 
castle-upon-Tyne   Aug.    2,  1913 

T WILLIAM    NICHOLAS  ATKINSON,  I.S.O.,    H.M.   Inspector 

of  Mines,  123,  Cathedral  Road,  Cardiff  Aug.     4,  18S8 

3  RICHARD  DONALD  BAIN,  Aykleyheads,  Durham        June  10,  1911 

4*  Prof.  PETER  PHILLIPS  BEDSON,  Armstrong  College,  New- 
castle-upon-Tyne. Transactions,  etc.,  sent  to  co  Basil 
Anderton,  Public  Library,  Newcastle-upon-Tyne       ...         ...  Feb.   10,  1883 

5  THOMAS  DOUGLAS,  The  Garth,  Darlington  (Past-President, 

Member  of Council) ...         ...         ...         ...         ...         ...         ...  Dec.   14,  1912 

6  Prof.  WILLIAM  <  JARNETT,  London  County  Council  Education 

Office,  Victoria  Embankment,  London,  W.C.  Not.  24,  1894 

7*Dr.  WILLIAM  HENRYHA  DOW.  Armstrong  College. Newcastle- 
upon-Tyne     Feb.   12,  1910 

8  Sir  HENRY  HALL,  I.S.O.,  Brookside,  Chester  June  10,  1911 

9*HUGH    JOHNSTONE,    H.M.    Inspector   of   Mines,   3,    Priory 

Road.  Edgbaston,  Birmingham Oct.    13,  1906 

10*Prof.  GEOUGE  ALEXANDER  LOUIS  LEBOUR,  Armstrong 
College,  Newcastle-upon-Tyne.  Transactions,  etc.,  sent  to 
Radcliffe  House,  Corbridge,  Northumberland  ...  ...  Nov.      ],  1879 

11* JOHN     DYER     LEWIS,    H.M.     Inspector     of  Mines,    2,    St. 

Helen's  Crescent,  Swansea  ...  ...  ..  ...  ...   Dec.    11,  1909 

12*Prof.  HENRY  LOUIS,  Armstrong  College,  Newcastle-upon- 
Tyne.  Transactions  sent  to  The  Librarian,  Armstrong 
College,  Newcastle-upon-Tyne Dec.    12,  1896 

13*ROBERT  McLAREN,    H.M.    Inspector   of    Mines,    Drumclair, 

Airdrie  Dec.    13,  1902 

14*THOMAS    HARRY    MOTTRAM,    H.M.     Inspector   of   Mines, 

Doncaster       .  .         ...         ...         ...         ...         ...  ...         ...  June  10,  1911 

15  DANIEL  MURGUE,  Hotel  des  Ingenieurs,  St.  Etienne  (Loire), 

France  June  20,  190S 

16*ROBERT  NELSON,  H.M.  Electrical  Inspector  of  Mines,  Mines 

Department,  Home  Office,  Whitehall,  London,  S.  W.  ...  Dec.    11,  1909 

I7V\RTHUR  DARLING  NICHOLSON,   H.M.  Inspector  of  Mines, 

Astlev,  Manchester  ...  ...  ...  ...  ...   June  10,  1911 

IS'Sir  RICHARD  AUGUSTINE  STUDDERT  REDMAYNE,  H.M. 
Chief  Inspector  of  Mines,  Mines  Department,  Home  Office, 
Whitehall,  London.  S.WT Dec.    11,1909 

19  Dr.   AUBREY  STRAHAN,  Director  of  the  Geological   Survey 

of  Great  Britain,  Jermyn  Street,  London,  S.W.         ...  ..  Aug.     1,  1914 


LIST    Ob'    M  KM  UK  US. 
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I  >;i t . ■  oi  Election. 
20*  Prof.    HENRV  STROUDj  Armstrong  College,  Newcastle-upon- 

1  > "°  •••         Nov.     5,  1892 

21  Dk.  JETHRO  JUSTINIAN  HARRIS  TEALL,  174,  Rosendale 

Road,  Dulwich,  London,  S.E.      ...         ...  \xu,      \    1914 

22»Pbo».  WILLIAM  M  0  N  DELL  THORNTON,  Armstrong  College',  ' 

Newcastle-upon-Tyne        ...         ..  ...  .  Feb    12    1910 

23*WILLIAM   WALKER,  H.M.  Deputy  Chief  Inspector  of  Mines) 

Ma|>ledene,  Ashtead.  Epsom         ...         ...  Oct     14    1905 

24*Prof.  ROBERT  LUNAN  WKIGHTON,  2,  Park  Villas,  Gosforthi 

Newcastle-upon-Tyne         ...         ...  ...         ...   April    2    1S9S 


25*JOHN    ROBERT    ROBINSON    WILSON,    H.M.    Ins,,, dor   of 

.Mines,  Westfield  Drive,  Gosforth,  Newcastle-upon-Tyne    ...  Aug.     2, 
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MEMBERS  (M.I.M.E.). 

Marked  "  have  paid  life  compositioD. 

1  Abbott,   Henry   Arnold,   H.M.  Inspector  of  Mines,    18 

Priory  Road,  Sharrow,  Sheffield    ... 

2  Abel,    Walter    Robert,    Scottish    Provident    Buildings 

Mosley  Street,  Newcastle-upon-Tyne 

3  Acutt,  Sidney,  Mooi  Plaats,  P.O.  Hatherley,  Transvaal 

4  Adair,  Hdbert,  Gillfoot,  Egremont,  Cumberland  ... 

5  Adams,  George  Francis,  Chief  Inspector  of  Mines  in  India 

Dhanbaid,  E.I.  Railway,  Manbhum,  Bihar  and  Orissa 
India     ...  ...  

6  Adams,  Phillip  Francis  Burnet,  Surveyor-General  for  the 

Orange  Free  State,  Government  Office,   Bloemfontein 
Orange  Free  State,  South  Africa 

7  Adamsun,  Thomas,   Colerson  Villa   Hazaribagh,  Bihar  and 

Orissa,  India   ... 
S  Ainsworth,    Herbert,    P.O.    Box    1553,    Johannesburg 

Transvaal  ..  ...         ...         

9  Ainsworth,    John    W.,    Bridgewater    Offices,    Walkden 

Manchester 

10  Aldridge,  Walter  Hull,  c/o  William  B.  Thompson,  14 

Wall  Street,  New  York  City,  U.S. A 

1 1  Allan,  Philip,  Clarke  Street,  Sunshine,  Victoria,  Australia 
1-.!   ALLISON,    J.    J.    C,    Woodland    Collieries,    Butterknowle 

Count}7  Durham 

13  Almond,   Charles    Percy,   Avoca    Lodge,   Village    Road 

Enfield,  Middlesex    ... 

14  Anderson,  Rohert  Simpson,  Highfield,   Wallsend,  North 

um berland  ( Member  of  Council)    ...         ...         ...         ...  A 

I.")  Anderson,    William   Thomas,  P.O.   Box  57,  East  Rand 
Transvaal 

16  Andrews,  Arthur,  Lyndhurst,  Darras  Hall,  Northumber 

land 

17  Andrews,  Edward  William,  4,  Ashwood  Terrace,  Sunder 

land 
I8*Angwin,    Benjamin,      3,     Penlu     Terrace,     Tuckingmill 
Camborne 

19  Annett,  Hugh  Clarkson,  Horden  Colliery  Office,  Horden 

County  Durham 

20  APPLEBY,  William  Remsi.n,  Minnesota  School  of  Mines,  The 

University  of  Minnesota, Minneapolis,  Minnesota,  U.S.  A. 

21  Archer,  William,  Victoria  Garesfield,  Lintz Green,  County 

Durham 

22  Armstrong,  George   Herbert  Archibald,  Castle  View, 

Chester-le-Street 

23  Armstrong.   Henry,  Collingwood  Buildings,   Collingwood  A. 

Street,  Newcastle-upon-Tyne  (Member  of  Council) 


Date  of  Election 
and  of  Transfer. 

Feb.  13,  1904 

Dec.  8,  1906 
Dec.  10,  1904 
April  8,  1905 


Aug.  5,  1905 


Oct.  12,  1901 

Feb.  10,  1894 

Feb.  14,  1903 

Dec.  14,  1895 


Feb.  S, 
June  10, 
Feb  1 3. 
June  8, 
Oct.  9, 
June  13, 
June  9, 
Aug.  4, 
Aug.  3, 


1908 
1905 
1886 
1889 
1909 
1914 
1S83 
1S8S 
1SS9 


Oct.  12,  1912 

Aug.  2,  1902 

Aug.  4,  1906 

Nov.  24,  1S94 
Feb.  15,  1906 
June  20,  1908 
Feb.  8,  1913 

April  14,  1894 
Aug.  6,  1892 
Aug.  3,  1895 

April  8,  1905 
April  14,  1SS3 
June  8,  1889 


LIST   OF    MEMBERS. 


Date  of  Election 
and  of  Transfer. 

24  Abhstkong,    William,    Elmfield    Lodge,    Gosforth,    New-  S.  April    7 

castle-upon-Tyne  (Past-President,  Member  of  Council)  M.  Aug     6 

25  Arnold,  Thomas,  Castle  Buildings,  Llanelly            April  13 

'26  ASHMORE,  George  Percy,  95,  Linden  Gardens,  Kensington, 

London,  W Feb.   13 

27*Ashton,  Sir  Ralph  Percy,  c  o  Kilburn,  Brown  and  Com- 
pany, Orient  House,  New  Broad  Street,  London,  E.C.  Aug.    2 

28  Askevold,  Harald          Oct.  14 

29  Atkinson,  John    Boland,   9,   Kensington   Terrace,   New- 

castle-upon-Tyne (Vice-President,  Member  of  Council)  Oct.    11 

30  Attwood,  Alfred   Lionel,  Rio  Tinto  Company,  Limited, 

Vista  Aleqre,  11,  Minas  de  I.io  Tinto,  Spain     ...         ...  Aug.    5 

31  Avery,    William    Ernest,    Toft   Hill    Cottage,    Birtley,  S.  June    8 

County  Durham         ...         ...         ...         ...         ...         ...  M.  June  19 

32  Bailes,  Thomas,  Jesmond  Gardens,  Newcastle-upon-Tyne  Oct.      7 

33  Bain,  Richard  Donald,  Aykleyheads,  Durham     ...          ..  S.  March  1 

M.  Aug.    5 

34  Bainbridge,    Emerson    Muschamp,  2,  Woodbine  Avenue, 

Gosforth,  Newcastle-upon-Tyne     ...        ....          ...          ...  Feb.      8 

35  Barnard,  Robert,  The  Manse,  Armadale,  West  Lothian  ..  Dec.    11 

36  Barnes,  James,  Vale  of  Clwydd  Colliery  and  Brickworks, 

Lithgow,  New  South  Wales,  Australia    ...          ...          ...  Oct.     9 

37  Barrass,  Matthew,  Wheatley  Hill  Colliery  Office,  Thorn-  S.  Eel..     9 

lev,  County  Durham  ...          ...          ...          ...          ...          ...  A.Aug.     1 

M.  Dec.     8 

38  Barrett,  Charles   Rollo,   Whitehill   Hall,   Pelton   Fell,  S.  Nov.     7 

Count j'  Durham         ...         ...  ...         ...         ...         ...  A.M.  Aug.     7 

M.  Dec.    11 

39  Barrett,  Rollo  Samuel,  Brookside,  Seaton  Burn,  Dudley,  S.  Dec.     9 

Northumberland         ...          ...          ...          ...          ...          ...  A.  Aug.     1 

M.  June  14 

40  Barrs,    Edward,    Cathedral    Buildings,    Newcastle-upon- 

Tyne      Aug.     7 

41*Bartholomew,    Charles   William,   Blakesley   Hall,    near 

Towcester        .  .         ...         ...         ...         ...         ..          ...  Dec.     4 

42  Bartlett,    George    Pilcher,     Theatre     Lane,     Durban, 

Natal,  South  Africa  .. .           .           Dec.    11 

43  Batchelor,  Owen  Salusbury,  P.O.  Box  221,   Kamloops, 

British  Columbia       ...          ...          ...          ...          ...          ...  June  14 

44  Bates,  Sidney,  The  Grange,  Prudhoe,  Ovingham,   North-  A.  Feb.      8 

umberland  (Mtmher  of  Council)     ...          ..           ...          ...  M.  June    8 

45  Bates,  Thomas  Lionel,  Alfred  Street,  Waratah,  New  South 

Wales,  Australia        Feb.   12 

46  Bateson,   Walter  Remington,   P.O.  Box  1051,   Halifax, 

Nova  Scotia Feb.    11 

47  Batey,  John  Wright,  Elmtield,  Wylam,  Northumberland  Feb.     9 

48  Bawden,   Ernest   Robson,  Mina  do  Pintor,  Correio  de  S 

Joao  da  Madeira,  Portugal             ...                     ...         ...  April    8 

49  Bayliss,  Ernest  John,  c'o  The  M.  F.  H.  Syndicate,  Limited, 

Conquista,  Provincia  de  Cordoba,  Spain  ..           ...         ...  April  13 

50  Beard,  James  Thom,  c'o  Coal  Age,  505,  Pearl  Street,  New 

York  City,  U.S. A Feb.    14 

51  Bekenn,  Alexander  Richard,  Fairleigh  Colliery,  Limited, 

P.O.  Box  30,  Newcastle,  Natal,  South  Africa Feb.      9 

52  Bell,   Joseph  Fenwick,   Eppleton  Hall,   Hetton-le-Hole, 

County  Durham         April  12 

53  Bell,  Reginald,  Shildon  Lodge  Colliery,  Darlington        ...  Dec.    13 

54  Bell,  Walter,  co  Pvman,  Bell  and  Company,  Hull            ...  S.Oct.       8 

M.  Feb.    10 

55  Bell,  William  Ralph,  Hylton  Colliery,  Sunderland      ...  A.Oct.    13 

M.  Dec.    12 
50  Bennett,   Arthur    Edgar,    Estacion   de   Cerro   Muriano, 

Provincia  de  Cordoba,  Spain           ...         ...         ...         ...  Dec.    14,1912 
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Date  of  Election 
anil  of  Transfer. 


57  Bennett,  Alfred  Benry,  Bedminster,  Easton,  Kiogawood  A.M.  April  10,  1886 

and  Parkfield  Collieries,  Limited,  Easton  Colliery  .Bristol      M.  June    8,  1889 

58  Benson,  Robert  Setmoub, Teesdale  Iron  Works,  Stockton- 

upon-Tees         ...  April    8,  1911 

59  Berkley,    Richard     William,     Marley    Hill,    SwalweH,       S.  Feb.   14,  1874 

County  Durham  [Member  of  Council)       A.M.Aug.    7,1880 

M.  June    8,  1889 

60  Best,   Earle,   12,   Station    Road,   Hetton-le-Hole,  County 

Durham  April  13,  1912 

61  Bigg-Wither,  Harris,  The  Mount,  Gathurst,  Wigan        ...  Jan.    19,  1895 

62  Bigge,    Denys    Leighton    Selby,    Mercantile   Chambers, 

53,  Bothwell  Street,  Glasgow       June  10,  1903 

63  Bigland,  Hubert  Hallam,  o  o  J.  H.  Holmes  and  Company, 

19,  Waterloo  Street,  Glasgow        Dec.    14,1901 

64  Biri>,  EDWARD  ER3KINE,  c/o  George  Elliot  and  Company, 

Limited,  16,  Great  George  Street,  Westminster,  London,  A.M.  Aug.    5,  1905 

S.W M.  Dec.    14,  1907 

65*Birkinshaw,    Frederick   Edson,  Marbella,    Provincia  de 

Malaga,  Spain  Dec.    10,  1910 

66  Blackett,    William    Cuthbert,  Acorn    Close,    Sacriston,        S.  Nov.     4,  1876 

Durham  (Past-President,  M ember  of  Council) A.M.Aug.     1,1885 

M.  June     8,  1889 

67  Blaiklock,  Thomas   Henderson,  The  Flatts,  near  Bishop 

Auckland  April  13,  1901 

68  Blair,  Robert  Richmond,  Richmond    Hill,     Whitehaven      A.  Aug.     2.  1902 

M.  Feb.    11,  1911 

69  Blandford,  Thomas,  13,  Town  Moor  Avenue,  Doncaster  ...        S.  Dec.    12,  1903 

A.  Aug.    3,  1907 
M.  June  12,  1909 

70  Blatcheokd,  William   Hooper,   Greytown,  Natal,  South 

Africa ...  Feb.   10,  1912 

71  Blenner-Hassett,  Gerald,  P.O.  Box  914,  Durban,  Natal, 

South  Africa    ...  Oct.    14,1911 

72  Bonniwell,    Percival  Ormond,   222-225,  Strand,  London, 

W.C Dec.    12,  1903 

73  Booth,  Frederic  Lancelot,  Ashington  Colliery,  Morpeth        S.  Feb.   10,  1894 

A.  Aug.    4,  1900 
M.  April   8,  1911 

74  BORLASE,  William    Henry,  Greenside  Lodge,  Glenridding, 

Penrith  Aug.     4,  1894 

75  BoWEN,  David,  68,  Prudential  Buildings,  Park  Row,  Leeds  April   3,  1909 

76  Bowman,    Francis,    Ouston    Colliery    Office,     Chester-le-       A.  June    8,  1895 

Street M.  Feb.   13,  1904 

77 "Bracken,   Thomas   Wilson,  40,  Grey   Street,  Newcastle- 
upon-Tyne       ...  Oct.    14,  1899 

7S  Braidford,     William,    Jun. ,    South  Garesfield  Colliery, 

Lintz  Green,  County  Durham         ...         ...         June  14,  1902 

79  Bramwell,  Hugh,  Great  Western  Colliery,  Pontypridd    ...        S.  Oct.      4,  1879 

A.M.  Aug.     6,  1887 
M.  Aug.     3,  1889 

80  Breakell,  John  Edwin,  58,  Langridge  Road,  Earl's  Court, 

London,   S.W.  April25,  1S96 

81*Brinell,  Johan  August,  Niissjo,  Sweden      June    9,  1900 

82  Brodigan,  Charles  Bernard,  Angelo  Deep,  East  Rand, 

Transvaal        Oct.    13,  1906 

S3  Brooksisank,    Frank,  Kinta  Association,    Limited,    Ipoh, 

Perak,  Federated  Malay  States      April    4,1914 

84  Rroome,  George  Herbert,  Wonthaggi,  Victoria,  Australia  Oct.      9,  1897 

85  Brown,  Edward  Otto  Forster,  706-707,  Salisbury  House,       S.  Dec.    14,  1901 

Finsbury  Circus,  London,  E.C A.Aug.    3,1907 

A.M.  Oct.    12,  1907 
M.  Dec.    14,  1912 
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86  Bkown,  John,  E.I.R.  and  B.N.R.  Joint  Collieries,  Bokaro 

P.O. ,  via  Adra,  B.N.  Railway,  India        ...         

87  Brown,  John  Connell,  Westport  Coal  Company,  Limited, 

Denniston,  New  Zealand 
8S  Brown,  Myles,  4,  Beaconsfield  Crescent,  Low  Fell,  Gates- 
head-upon-Tyne  ...         

89  Brown,  Robert  Oughton,  Newbiggin  Colliery,  New  biggin  - 

by-the-Sea,  Northumberland  ...         ...         

90  Brown,    Ralph   Richardson,   Pekin   Syndicate,   Limited, 

Honan,  North  China 

91  Brown,  W.  Forster,   Cefn  Coed,   Malpas,  Newport,  Mon- 

mouthshire 

92  Browne,  Robert  John...         ...  ...         

93  Browning,    Walter    James,     c/o    Rio    Tinto    Company, 

Limited,  Provincia  de  Huelva,  Spain 

94  Bruce,  John,  Port  Mulgrave,  Hinderwell,  Yorkshire 


95  Bryham,  William,  Bank  House,  Wigan 

96  Bull,    Henry    Matthews,    Gopalichak     Coal    Company, 

Limited,  Bansjora,  E.I.R. ,  Bengal,  India 

97  Bulman,  Edward  Hemsley,   New  Kleinfontein  Company, 

Benoni,  Transvaal 

98  Bulman,    Harrison    Francis,    The    North    Cottage,    St. 

George's,  Newcastle-upon-Tyne    ... 

99  Bunning,  Charles  Ziethen,  c/o  The  British  Vice-Consul, 

Pandemia,  near  Constantinople,  Turkey 

100  Burchell,  George  B. ,  North  Sydney,  Nova  Scotia 

101  Burford,  James  Wilfred,  c  o  Lobitos  Oil-fields,  Limited, 

Lobitos,  Paita,  Peru,  South  America 
102*Burls,  Herbert  Thomas,  15,  Victoria  Street,  Westminster, 

London,  S.  W. 
103*Burn,  Frank  Hawthorn,  9,  Sandhill,  Newcastle-upon-Tyne. 

Transactions  sent  to  Pattishall  House,  Towcester 

104  Burne,  Cecil  Alfred,  c/o  The  Astuiiana  Mines,  Limited, 

Covadonga,  Asturias,  Spain 

105  Burnett,  Cuthbert,  17,  Camden  Crescent,  Bath    ... 
106* Burns,  David,  Vallum  View,  Bellevue,  Carlisle 

107  Burton,  George  Augustus,  Highfield,  Nunthorpe,   York- 
shire 


108  Calder,    William,    c'o    International    Russian    Oilfields, 

Limited,   Apsheronskaya,   near    Maikop,    Kuban   Pro- 
vince, South   Russia 

109  Carnegie,    Alfred    Quintin,    31,    Manor    House    Road, 

Newcastle-upon-Tyne 

110  Carnes,  Charles  Spearman,  Marsden  Hall,  South  Shields 

( Member  of  Council) 

111  Casebourne,  Samuel  Ward  Jackson,    Roseneath,  Conis- 

clifl'e  Road,  Darlington 

112  Casson,  William  Walter,  St.  Bees,  Cumberland  ... 

113  Chambers,    David    Macdonald,    47,    Inverness    Terrace,  A.M. 

Bayswater,  London,  W.       ...         ...         ...  ..         ...      M. 

114  Chambers,  R.   E.,  Nova  Scotia  Steel  and  Coal  Company, 

Limited,  New  Glasgow,  Nova  Scotia 

1 15  Channing,    J.    Parke,    42,    Broadway,    New    York    City, 

U.S.A 

H6*Chappel,    Walter     Richard     Haighton,     Elm     Court, 
Starcross,  Devon        ...         ...         


Date  of  Election 
and  of  Transfer. 

S.  June    8,  1907 

A.  Aug.    7,  1909 

M.  FeD.  11,  1911 

Feb.     8,  190S 


June 

14,  1913 

S.  Oct. 

8,  1892 

A.  Aug. 

3,  1895 

M.  Oct. 

12,  1901 

Aug. 

3,  1907 

S.  Aug. 

6,  1S87 

M.  Aug. 

5,  1893 

Feb. 

10,  1906 

Oct. 

12,  1907 

S.  Feb. 

14,  1874 

A.M.  Aug. 

7,  1S80 

M. June 

8,  1889 

Dec. 

S,  1900 

April 

9,  1904 

Feb. 

13,  1892 

S.  May 

2,  1874 

A.M.  Aug. 

6,  1881 

M.  June 

8,  1889 

S.  Dec. 

6,  1873 

A.M.  Aug. 

5,  1882 

M.  Oct. 

8,  1887 

Oct. 

11,  1913 

Aug. 

3,  1912 

Feb. 

9,  1889 

S.  Feb. 

9,  1889 

A.  Aug. 

4,  1894 

M.  Aug. 

3,  1895 

S.  Aug. 

4,  1S94 

M.  Aug. 

3,  1901 

June 

8,  1S95 

May 

5,  1S77 

Dec.     9,  1905 


Aug.    2,  1913 

Oct.    11,  1902 
Aug.     1,  1891 


Dec.  10,  1904 
Aug.  5,  1905 
Oct.  8,  1904 
June  12,  1909 

June    9,  1900 

April  25,  1896 

Feb.   14,  1903 


LIST    OF    MKMBKRS. 
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117 
118 
119 

120 

121 
122 

L23 

124 
125 

126 

127 

128 

129 

130 
131 

132 

133 

134 

135 
136 

L37 

138 
139 


Cii  Mii.i.roN.  Arthur  George,  5,  Avonmore  Road,  Kensing- 
ton, London,  W. 

Charlton,  Bernard  Eedlbt,  Hedley  Hope,  Tow  Law, 
County  Durham 

Charlton,  William,  Guisborough 

Charlton,  William  John,  H.M.  Inspector  of  Mines, 
16,  Brompton  Avenue,  Liverpool... 

(hater,  Cecil  William,  Tavoy,  Lower  Burma,  India 

Chessman,  Edward  Taylor,  Clara  Vale  Colliery,  Ryton, 
County  Durham 

Cheesman,  Herbert,  Hartlepool 

Cheesman,  NICHOLAS,  228,  Hayden  Road,  Nottingham     ... 

Chicken,  Bourn  Russell,  212,  Osborne  Road,  Jesmond, 
Newcastle-upon-Tyne 

ChiLDE,  Henry  Slade,  59,  Westgate,  Wakefield     

Church,  Robert  William,  Government  of  India  Railway 
Board,  Secretariat  Buildings,  Calcutta,  India   ... 

Claghorn,  Clarence  R.,  Durham,  Kings  County,  Wash- 
ington, U.S.A.  ...         ...         ...         ...         ... 

Clark,  Henry,  84,  Moss  Street,  Victoria,  Vancouver, 
British  Columbia 

Clark,  Robert,  Bracken  Road,  Darlington  ... 

Clark,  Robert  Blenkinsop,  Springwell  Colliery,  Gates- 
head-upon-Tyne 

Clark,  William  Henry,  95,  Crouch  Hill,  Hornsey, 
London,  N. 

Clifford,  Edward  Herbert,  Rand  Club,  Johannesburg, 
Transvaal 

Clifford,  William,  2210,  Briskel  Avenue,  Miami,  Florida, 

U.S.A 

Climas,  Arthur  Bertram,  6,  Park  Bean,  St.  Ives,  Cornwall 
Clive,  Lawrence,    H.M.  Inspector  of  Mines,    Springfield 

House,  Newcastle,  Staffordshire... 
Clothier,  Henry  William,  3,   Park   Villas,  The  Green, 

Wallsend,  Northumberland 
Clough,  Edward  Stokoe,  Bomarsund  House,  Bomarsund, 

Bedlington,  Northumberland 
Clough,  James.  Bomarsund  House,  Bomarsund,  Bedlington, 


Date  of  Election 
ami  of  Trausfer. 


Aug.    6,  1S92 


April  12, 
Feb.  12, 
April  12, 

Aug.  7, 
April  13, 
Aug.  2, 
Aug.  6, 
Aug.  6, 
Dec.     8, 


1913 
1898 
1902 
1909 
1912 
1890 
1892 
1892 
1900 


A.  M. 

M. 

S. 

A. 

M. 


S. 
M. 


Dec.  12,  1903 
Feb.  12,  1887 
Aug.  3,  1889 
Dec.  9,  1905 
Aug.  3,  1907 
Oct.  12,  1907 

Aug.  5,  1S99 

April  8,  1899 
Feb.  15,  1896 
May  3,  1873 
Aug.    4,  1877 

April  28,  1900 

Oct.    13,  1894 

.  Aug.    6,  1898 

.  April   8,  1911 

Feb.  9,  1895 
Dec.    10,  1910 


Aug. 


1913 


Northumberland 


A. 

M 

S. 

..A.M. 

M. 


140 
141 
142 
143 

144 

145 
146 
147 

14S 


149 
150 
151 


(  Iochrane,  Brodie,  Hurworth  Old  Hall,  near  Darlington  ... 

Cochrane,  Robert  William,  Somerset  House,  Whitehaven 

Cock,  Ben,  Woodbine,  Beacon  Hill,  Camborne 
'Collins,   Hugh  Brown,  Auchinbothie  Estate  Office,  Kil- 
macolm,  Renfrewshire 

Collins,  Victor  Buyers,  Lewis  Street,  Islington,  via  New- 
castle. New  South  Wales,  Australia 

Colquhoun,  Thomas  Grant,  28,  Sylvan  Road,  Exeter 

Com  mans.  Robert  Edden,  9,  Queen  Street  Place,  London,  E.G. 

COMSTOCK,  Charles  Wortbington,  514,  First  National 
Bank   Building,  Denver,  Colorado,  U.S.A. 

Cook,  George,  H.M.  Inspector  of  Mines,  Oakbank,  White- 
haven   ... 

Cook.  Joseph,  Washington  lion  Works,  Washington, 
County  Durham  ...  ...  ...  ...  ■• 

Cook,  James  Falshaw,  Washington  Iron  Works,  Washing- 
ton, County  Durham 

Cook,  John  Watson,  Binchester  Hall,  Bishop  Auckland... 


June  12,  1909 
Feb.  14,  1903 
April  8,  1911 
April  5,  1873 
Aug.  3,  1878 
June  8,  1889 
Dec.  6,  1866 
Aug.  I,  1914 
June  11,  1910 

April  14, 1894 

June  11,  1904 
Dec.  14,  1898 
Nov.  24,  1894 

June  10,  1905 
Aug.  2,  1902 
Aug.  5,  1905 
Feb.    10,  1912 

Oct.      9,  1897 

Feb.  12,  1S98 
Oct.    14,  1893 


XXVI 


LIST    OF    MEMBERS. 


L52  i'ooke,  Henry  Moore  Annesley,  The  Ooregum  Gold- 
mining  Company  of  India,  Limited,  Oorgaum,  Kolar 
Gold-field,  Mysore,  India    ... 

153  Cooksey,  Wilfrid,  East  Indian  Railway  Collieries, 
Giridih,  K.I.K.,  Bengal,  India 

154*Coppf.e,  Evence,  103,  Boulevard  de  Waterloo,  Brussels, 
Belgium 

155  Corbett,   Vincent   Charles    Stuart   Wortley,    Chilton 

Moor,  Fence  Houses  ... 

156  Cordy,  Fred  Cuthbert,  London  Road,  Northampton     ... 
L57  Cothay,   Frank   Hernaman,    7,   Valebrooke,   Sunderland 

158  CouLSON,  Frank.  Shamrock   House,    Durham    {Member  of 

Council) 

159  Couves,  Harry  Augustus,  Tovil,  Westfield  Avenue,  Gos- 

forth,  Newcastle-upon-Tyne 

160  Cowell,  Edward,  Horden  Colliery,  Horden,  Sunderland  ... 

161  Cowell,  Joseph  Stanley,  Vane  House,  Seaham  Harbour, 

County  Durham 

162  Coxon,  William  Bilton,  Seaton  Hill,  Boosbeck,  Yorkshire 


163  Cbagg,  James  Horace  Maitland,  53,  Manor  House  Road, 

Newcastle-upon-Tyne 

164  Craster,    Walter    Spencer,    P.O.    Box   336,    Salisbury, 

Rhodesia,  South  Africa        ...         ...         ...         

165  Craven,  Robert  Henry,  The  Libiola  Copper-mining  Com- 

pany, Limited,  Sestri  Levante,  Italy 

166  Crawford,  James  Mill,  Denehurst,  Ferry  Hill 

167  Crawford,     Thomas,     Eighton    Banks,    Gateshead-upon-       A 

Tyne       M 

168  Crookston,  Andrew  White,  188,  St.  Vincent  Street,  Glas- 

gow        

169  Crosby,  Arthur,  Douglas  Colliery,  Limited,  Mine  Office,  A.M. 

Crown-Douglas  Junction,  Balmoral,  Transvaal  ..  ...       M. 

170  Croudace,  Francis  Henry  Lambton,  The  Lodge,  Lambton, 

Newcastle,  New  South  Wales,  Australia 

171  Croudace,   Sydney,    Wallsend    Colliery,   Wallsend,    New 

South  Wales,  Australia 

172  Cruz    y    Diaz,     Emiliano    de    la,   Director-General    de 

l'Empresa     Minas     et     Minerales,      Limited,     Ribas, 
Provincia  de  Gerona,  Spain. 

173  Cullen,  Daniel,  P.O.  Box  4352,  Johannesburg,  Transvaal 

174  Cullen,  Matthew,  The  Clydesdale  (Transvaal)  Collieries, 

Limited,  Springs,  Transvaal 

175  Cummings,  John,  Hamsterley  Colliery,  County  Durham    ...       A. 

176  Curry,  George  Alexander,  Thornley  House,  Thornley, 

County  Durham 

177  Curry,  Michael,  Cornsay  Colliery,  Durham  

178  Dakers,  William  Robson,  Tudhoe  Colliery,    Spennymoor  A.M. 

M 

179  Dan,    Takuma,   Mitsui   Mining   Company,    1,   Suruga-cho, 

Nihonbashi-ku,  Tokyo,  Japan 

180  Danchich,  Valerian       

181  Daniel,  Peter  Francis,  Greymouth,  New  Zealand 

182  Darlington,    Cecil    Ralph,   c/o    N.    Hingley   and    Sons, 

Limited,  Netherton  Iron  Works,  Dudley 

183  Darlington,  James,  Black  Park  Colliery,  Ruabon S 


184  Davidson,  Allan  Arthur,  c'o  F.  F.  Fuller,  638,  Salisbury 
House,  London  Wall,  Loudon,  E.C. 


Date  of  Election 
and  of  Transfer. 


Dec.  12,  1896 

Aug.  1,  1914 

Feb.  9,  1907 

Sept.  3,  1870 

June  1,  1912 

Aug.  2,  1913 

Aug.  1,  1868 

Aug.  2,  1873 

Feb.  10,  1906 
Oct.  8,  1904 
June  20,  1908 

Dec.  12,  1908 
Feb.  12,  1898 
Aug.  2,  1902 
Feb.  12,  1910 

Aug.  6,  1910 

Dec.  8,  1900 

Feb.  11,  1905 

Feb.  14,  1903 

.  Dec.  8,  1906 

.  Dec.  12,  1914 

Dec.  14,  1895 
Aug.  7,  1897 
April  12,  1902 

June  8,  1907 

June  8,  1907 


June  14,  1902 
Dec.  11,  1909 

Feb.  12,  1910 
Aug.  2,  1902 
Dec.  14,  1907 

Oct.  12,  1907 
Aug.  6,  1898 

Oct.  14,  1882 
Aug.  3,  1889 

April  14,  1894 
June  10,  1911 
April  8,  1893 

Dec.  10,  1910 
Nov.  7.  1874 
Aug.  4,  1877 

April  13,  1907 


LIST    OF    MEMBERS. 
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185  Davidson,  Christopher  Cunnion,  Hardheads,  Egremont, 

Cumberland 

186  Davibs,  David,  Cowell  House,  Llanelly        

187  Davibs,  William,  West  View,  New  Brancepetb  Colliery, 

Durham 

188  Davibs,  William  Stephen,  ftfaesydderwen,  Tredegar 

189  Daw,     ALBERT     William,     11,    Queen     Victoria     Street, 

London,  E.C.    .. 

190  Daw,  John  W.,  co   Millers,   Limited,  Axim,  Gold  Coast 

Colony.  West  Africa 

191  DEAN,   Harry,  Eastbourne  Gardens,  Whitley  Bay,  North- 

umberland 

192  Dean,  John,  The  Wigan  Coal  and  Iron  Company,  Limited, 

Wigan  ... 

L93  DBAN,  Samuel,  Delagua,  Colorado,  U.S.A 

1!I4   Dew,  Jahbs   Walter  Hknkv.  8,  Laurence  Pountney  Hill, 

Cannon  Street,  London,  E.C. 
1!(.")  Dewhikst,  John  Herisert,  28  and  29,  Threadneedle  Street, 

London,  E.C.  ... 

196  Dickinson,  Arthur,  377,  Salisbury  House,  London  Wall, 

London,  E.C.  ... 

197  DlBTZSCH,    Ferdinand,   co  Miss  P.   Dietzsch,  7,  Emanuel 

Avenue,  Acton,  London,  W. 
l98*DrNGWALL,  William  Burleston-Abigail,  P.O.  Box  179, 

San  Antonio,  Texas,  U.S.A. 
199*Ditmas,  Francis  Ivan  Leslie,  The  Old  Rectory,  Hammer- 

wich,  Lichfield 
•200  Dixon,  Clement,  P.O.  Box  305,  Bulawayo,  Rhodesia,  South 

Africa    ...         ...         ...         ...         ...         ...         

201  Dixon.    David    Watson,   Lumpsey  Mines,  Brotton,  York- 

shire 

202  Dixon,  George,  Sejooah  Colliery,  Sijua  Post  Office,  E.I.R., 

Manbhum,  Bihar  and  Orissa,  India  ...  

203  Dixon,  Joseph  Armstrong,   Shilbottle  Colliery,  Lesbury, 

Northumberland 

204  Dixon,  William,  Park  House,  Bigrigg,  Cumberland 

20.">   Dobb,  Thomas  Gilbert,  Brick  House,  Westleigh,  Leigh  ... 
200  Dodd.   BENJAMIN,   Percy  House,  Neville"s   Cross,  Durham 

{Member  of  Council)    ... 
207  Donald,    William    E.,    Redburn    House,    Bardon    Mill, 

Northumberland 
208*Donkin,    William,    189,    Barcombe    Avenue,    Streatham 

Hill,  London,  S.  W A, 

209  Dormand,  Ralph  Brown,  Cambois  House,  Cambois,  Blyth 

210  Douglas,   Arthur  Stanley,  Bearpark    Colliery,    Durham 

211  Douglas,  James,  99,  John  Street,  New  York  City,  U.S.A. 

212  Douglas,    Matthew   Heckels,    Stella   House,    Low    Fell,  A 

Gateshead-upon-Tyne 

213  Dover,  Thomas  William,  Sherburn  Colliery,  Durham 

214  Draper,  William,  Silksworth  Colliery,  Sunderland 

215  Dunkerton,  Ernest  Charles,  53,  Grosvenor  Place,  New- 

castle-upon-Tyne 

216  Dunn,  George  Victor  Septimus,  Uaroo  Lead  Mines,  via 

Onslow,  Western  Australia 

217  Dunn,  Thomas  Bowman,  e  o  J.  Dunn  and  Stephen,  Limited, 

21,  Bothwell  Street,  Glasgow 

218  Eastlake,    Arthur     William.    Grosmont,    Palace    Road, 

Streatham  Hill,  London,  S.W. 

219  Ede,  Henry   Edward,  Rectory  Chambers,  Norfolk  Row, 

Sheffield  


Date  of  Election 
and  of  Transfer. 


Oct.    10,  1908 
Dec.     9,  1899 

Dec.      9,  1911 
Feb.    14,  1903 

June  12,  1897 

Dec.    14,  1895 

June  10.  1905 

Feb.   13,  1904 
Oct     13,  1906 

June  10,  1911 

April   2,  1898 

April  14,  1894 

Aug.     5,  1899 

Aug.  4,  1900 
A.  June  11,  1898 
M.  June  14,  1902 

Dec.    14,  1912 

Nov.  2,  1S72 
S.  June  13,  1896 
A.  Aug.  6,  1904 
M.  Dec.  8,  1906 

Dec.  14,  1901 

April  10,  1897 

Dec.   8,  1894 

S.  May  3,  1866 

M.  Aug.  1,  186S 


14, 


Oct 
S.  Sept.  2, 
M.  Aug.  1, 
M.  June  8, 
A.  Dec.  9, 
M.  Aug.  3, 

Feb.  13, 

Oct.  14, 
M.  Aug.  2, 
M.  Aug.  3, 

April  4, 
A.  Dec.  14, 
M.  Dec.  12, 


1905 
1876 
IS85 
1889 
1893 
1901 
1904 
1899 
1879 
1889 
1914 
1889 
1903 


Feb.  9,  1907 
June  20,  1908 
Aug.  6,  1910 

June  11,  1892 
July  14,  1896 


XW1I1 


LIST    OF    MEMBERS. 


220 
22 1 

•222 
223 

22  4 

225 


226 

227 
228 
229 


230 
231 

232 


EDMOND,  Fbancis,  Moorland  House,  Haigh,  Wigan 
Edwards,    Edward,    Ystradfechan,    Treorchy,    Rhondda, 

Glamorgan 
EDWARDS,  Herbert  Francis,  104,  Stairwell  Road,  Penarth 

Edwards,  Owaim  Tcdor.  Fedwhir,  Aberdare  

tDWARns,   William  John,  Somali  Mines,  Nkandhla,  Zulu- 
land,  South  Africa     

Ki.iet,     Francis    Constant    Andre    Benoni     Elie    do, 

Commissaire  des  Mines,  Service  des  Mines  le  Nouvelle 

Caledonie,  a  Noumea,  New  Caledonia 
Elsdon.    Robert    William    Barrow,    c  o    Anglo    .South 

American   Bank,    Reconquista  No.   78,   Buenos  Aires, 

Argentine  Republic,  South  America 
Eltringham,     George,    Eltringham     Colliery,     Prudhoe, 

Ovingham,  Northumberland 
Embleton.    Henry     Cawood.    Central     Bank     Chambers, 

Leeds    ... 
Englesqueville,   Rene    d',   Bethlehem-Chile    Iron    Mines 

Company,    Mina    Tofo,     La     Higuera,    Provincia    de 

Coquimbo,  Chile,  South  America 
English,  John,  North  Learn,  Felling,  County  Durham     ... 
English,     William,    Ferneybeds    Colliery,    Widdrington, 

Acklington,  Northumberland 
Eskdale,  John,  Ashington  Colliery,  Morpeth 


233  Etherington.    John.   39a,   King   William   Street,  London 

Bridge,  London,  E.C. 

234  Evans,  John,  Great  Cobar,  Limited,  Lithgow,  New  South 

Wales,  Australia 

235  Evans,    John    William,    Glynderw    House,    Penllergaer, 

Gorseinon,  Glamorgan 

236  Fairbrother,   Charles   James,    The   Durban    Navigation 

Collieries,  Dannhauser,  Natal,  South  Africa 

237  Falcon,  Michael,  Ebbw  Vale,  Monmouthshire 


Date  of  Election 
and  of  Transfer. 

Dec.  10,  1910 

Feb.  9,  1895 
Oct.  12,  1901 
Aug.  4,  1906 

June  13,  1914 


Aug.  3,  1901 


April  13,  1901 
A.  Dec.  8,  1894 
M.  Aug.  2,  1902 

April  14,  1894 


Feb.  8,  1908 
Dec.  9,  1899 

Dec.  14,  1907 
A.  Oct.  11,  1902 
M.  Aug.  3,  1912 

Dec.  9,  1893 

Aug.  1,  1914 

April  8,  1911 

A.  Feb.  8,  1908 
M.  Oct.  12,  1912 
S.  Oct.  13,  1894 
A.  Aug.  4,  1900 
M.  June  1,  1912 

Oct.  10,  1914 
A.  June  11,  1892 
M.  Aug.  6,  1904 


1866 


238  Fallins,  James,  Abermain  Colliery,  Abermain,  via  West 

Maitland,  New  South  Wales,  Australia  ... 

239  Fawcett,  Edward  Stoker,  Battle   Hill   House,   Walker, 

Newcastle-upon-Tyne 
240*Fenwiok.  Barnabas,  66,  Manor  House  Road,   Newcastle- 
upon-Tyne        ..  ...         ...         ...         ...  ...  Aug. 

241  Fergie,  Charles,  704,  Upper  Mountain  Street,  Montreal, 

Quebec,  Canada 

242  Ferguson.  David,  140,  Hyndland  Road,  Glasgow,  W.      ...  A, 

243  Ferguson,  James,  The  Cedars,  High  Wycombe 

244  Fevre,   Lucien   Francis,    1,   place  Possoz,   Paris,  XVP, 

France  ... 

245  Field,  Benjamin  Starks,  Layabad  Colliery,  Kusunda  P.O., 

E.I. R.,  Manbhum,  Bihar  and  Orissa,  India 

246  Fisher,    Edward   Robert,    Wansbeck,    Ammanford,   Car- A. 

marthenshire 

247  Fisher,    Henry   Herbert,    Calle   Sucre,    1841,    Belgrano, 

near  Buenos  Aires,  Argentine  Republic,  South  America 

248  Fleming,  Henry  Stuart,  1,  Broadway,  New  York  City, 

[J.S.A 

249  Fletcher,  James,  Taupiii   Coal-mines,  Limited,   Huntlv, 

Auckland,  New  Zealand  ...         ...  Oct.  14,  1905 

250  Fletcher,   Lancelot  Holstock.  Allerdale  Coal  Company,  A.M.  April  14,  188S 

Limited,  Colliery  Office,  Great  Clifton,  Workington    ...      M.  June     8,  1889 


Dec. 

9, 

1893 

.M. 

Dec. 

8, 

1883 

M. 

Aug. 

3, 

1889 

Dec. 

12. 

1896 

Feb. 

8, 

1908 

S. 

Aug. 

2 

1902 

A. 

Aug. 

3,' 

1907 

M. 

June 

14. 

1913 

M. 

Aug. 

o 

18S4 

M. 

Aug. 

3, 

18S9 

Oct. 

8, 

1904 

June 

10, 

1905 
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'Fi.ktchkk,  Walter,  The  Hollins.  Bolton       

KnKi>,    Mark,  Washington  Colliery,  Washington  Station, 

County  Durham  (Member  of  Council) 
Fokster,  Alfred  Llf.wkllyn,   Newcastle   and  Gateshead 

Water    Company,    Engineer's   Office,    Pilgrim    Street, 

Newcastle-upon-Tyne 
Forstkr,    Charlks,    Earls    Drive,    Low    Fell,    Gateshead- 

upon-Tyne 
Forster,      John      Henry     Bacon,     Whitworth     House, 

Spennymoor  (Member  of  Council) ... 

Forster,  Joseph  William,  P.O.  Box  56,  East  Rand, 
Transvaal 

FOKSTER,  Thomas  Emerson,  3.  Eldon  Square,  Newcastle- 
upon-Tyne  (Past-President,  Member  of  Council)  ...  A 

Foster,     William     Burn,    Easington     Colliery,     County 

Durham 
Fryar,  John   William,    Eastwood   Collieries,    Eastwood, 

Nottingham    ... 
Fryar,  Mark,  Denby  Colliery,  Derby  


Fryer,  Georoe  Kellett,  Woodhouse,  Whitehaven 
Fcters,  Thomas  Campbell,  17,  Balmoral  Gardens,  Monk- 
seaton,  Whitley  Bay,  Northumberland    ... 


Date  of  Election 
ami  of  Transfer. 

Dec.    14,  1895 
Aug.    3,  1895 

June    8,  1901 

April  9,  1910 
S.  Nov.  24,  1894 
A.  Aug.  7,  1897 
M.  Feb.   10,  1900 

Feb.  13,  1904 

S.  Oct.  7,  1876 

M.  Aug.  1,  18S5 

M.  June  8,  18S9 

Oct.    14,  1911 

A.  June  14,  1890 

M.  June  12,  1S97 

S.  Oct.      7,  1876 

.M.  Aug.     4,  1S83 

M.  June     8,  1889 

Dec.    14,  1901 


Galloway,  Thomas  Lindsay,  Kilchrist,  Campbeltown 

Gallwey,  Arthur  Payne,  The  Pusing  Lama  Tin  Mines, 

Limited,  Central  Office,  Papan,  Perak,  Federated  Malay        S. 
States M. 

Gard,  Irving  Rider,  c'o  Columbia  River  Coal  Dock 
Company,  North  Portland,  Oregon,  U.S.A. 

Garrett,  Frederic  Charles,  Armstrong  College,  New- 
castle-upon-Tyne 

Gibson,  James,  Geldenhuis   Deep.  Limited,    P.O.  Box  54,  A.M. 
Cleveland,  Transvaal  ...  ...  ...  ...  ...       M. 

Gibson,  Richard,  Seaham  No.  1  Colliery,  West  Wallsend, 
Newcastle,  New  South  Wales,  Australia 

Gifford,  Henry  J.,  The  Champion  Reef  Gold-mining  Com- 
pany of  India,  Limited.  Champion  Reefs  P.O.,  Mysore, 
South  India 

Gilchrist,  James,  12,  Park  Road  North,  Middlesbrough  ... 

Gill,  David  Fritz,  36,  Lowther  Street,  Whitehaven 

Gillman,   Gustave,   Aguilas,   Provincia  de  Murcia,   Spain 

Glass,  Robert  William,  Axwell  Park  Colliery,  Swalwell,       S. 
County  Durham         ...  ...         ...         ...         ■••         ...       A. 


Aug.     6,  1904 

Sept.    2,  1876 

Oct.  2,  1880 
Oct.    10,  1891 

Dec.    12,  1914 

April  13,  1912 
Dec.  9,  1899 
Feb.    13,  1904 

Aug.     5,  1911 


Goninon,     Richard,     Menzies     Consolidated    Gold-mines, 

Limited,  Menzies,  Western  Australia 
Goodwin,  William  Lawton,  School  of  Mining,  Kingston, 

Ontario,  Canada 
GOULDIE,  Joseph,  62,  Standard  Bank  Chambers,  Johannes- 
burg, Transvaal 
Graham,  Edward,  Jun.,  Bedlington  Colliery,  Bedlington, 

Northumberland 
Greaves,  J.  O.,  Westgate,  Wakefield... 
Greaves,   William,  6,  Ashwood  Villas,  Headingley  Hill, 

Leeds    ... 
Green,  Edwin  Henry,  P.O.  Box  79,  Bulawayo,  Rhodesia, 

South  Africa 

Green,  John  Dampier,  Riversdale,  Hlobane,  Natal,  South  A.M. 

Africa M. 


Oct.  14,  1893 
June  13,  1914 
Dec.  12,  1914 
Aug.  2,  1902 
June  10,  1899 
Aug.  1,  1903 
Oct.  12,  1907 

June  10,  1906 

Feb.  11,  1899 

Aug.  5,  1893 


Aug. 
Aug. 


1,  1896 
7,  1862 


April  12,  1913 

Aug.  1,  1903 
Dec.  14,  1901 
Aug.  2,  1902 
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282  Greener,  Herbert,  West  Lodge,  Crook,  County  Durham  Feb.    13,  1909 

283  Greener,  Thomas  Young,  Urpeth  Lodge,  Beamish,  County      S.    July    2,1872 

Durham  (President,  Member  of  Council  \  ..  ...A.M.Aug.    2,1879 

M.  June     8,  1889 

284  Greener,  William  James,  c  o  Bird  and  Company,  Char- 

tered Bank  Buildings,  Calcutta,  India    ...         ...         ...  June  11,  1910 

285  Greenwell,  Allan,  5,  Charleville  Mansions,  West  Ken- 

sington, London,  W.  Aug.     4,  1900 

286  Greenwell,  Alan    Leonard   Stapylton,  Eldon  Colliery,       S.  Oct.      8,  1898 

Bishop  Auckland       A.  Aug.    5,  1905 

M.  Dec.   14,  1907 

287  Greenwell,   George    Clementson,  Beechfield,    Poynton,      S.  March  6,  1869 

Stockport         M.  Aug.     3,  1872 

288  Greenwell,  George  Harold,  Woodside,  Poynton,  Stock-       S.  Dec.    12,  1903 

port       A.Aug.     4,1906 

M.  April   8,  1911 

2S9  Grey,  John  Neil,  c/o  Naworth  Coal  Company,   Limited,       A.  June  10,  1905 

Hallbankgate  Offices,  Brampton,  Carlisle  M.Feb.   10,1912 

290  Griffith,  Thomas,  Maes  Gwyn,  Cymmer,  Porth,  Rhoudda, 

Glamorgan       ...         April   9,  1904 

291  Griffith,  William,  Waterloo  House,  Aberystwyth  ...  Dec.     9,  1S93 

292  Grose,  Frank,  c  o  Poderosa    Mining    Company,  Limited, 

Casilias  855  and  S56,  Antofagasta,  Chile,  South  America  April    9,  1910 

293*Grundy,  James,  Ruislip,  Teignmouth  Road,  Cricklewood, 
London,  N.W.  Transactions  sent  to  The  Secretary, 
Mining  and  Geological  Institute  of  India,  Calcutta, 
India June  13,  1896 

294  Gullachsen,  Berent  Conrad,   16,  Percy  Gardens,  Tyne-        S.  April   8,  1905 

mouth M.  Aug.    3,  1907 

295  Gummerson,    James   M.,    7,    Denehurst    Gardens,    Acton,  A.M.  June  10,  1899 

London,  W M.Dec.    12,1903 

296  Guthrie,  James  Kenneth,  Coal  Trade  Offices,  Newcastle- 

upon-Tyne        Dec.    14,  1912 

297  Haas,  Frank,  Fairmont,  West  Virginia,  U.S.  A 0ct-    14,1911 

298*Haddock,    William  Thomas,  Tweefontein  Colliery,  P.O.       S.  Oct.      7,  1876 

Minnaar,  Transvaal  A.M.Aug.     1,1885 

M.  June    8,  1889 

299  Haggie,  John  Douglass,  Walbottle   Colliery,  Newcastle- 

upon-Tyne       Dec.   11,  1909 

300  Hailwood,  Ernest  Arthur,  The  Towers,  Churwell,  Leeds  April  12,  1913 

301  Haines,   Charles    George    Padfield,    9,    Picton   Place, 

Swansea Oct.    8,1910 

302  Hale,   Alfred    Edward,   Mountjoy    Lodge,   Cinderford, 

Gloucestershire  April    8,  1911 

303  Hall,  John  Charles   Black  Boy  Colliery,  Bishop  Auckland      A.Dec.     14,1889 

M.  Aug.     3,  1895 

304  Hall,  Joseph  John,  Ashington  Colliery,  Morpeth  ...  Dec.    10,  1904 

305  Hall,  Joseph   Percival,   Talbot  House,  Birtley,  County       S.  Oct.      9,  1897 

Durham  A.  Aug.    2,  1902 

M.  Oct.      9,  1909 

306  Hall,    Robert    William,    Fairlawn,    Leeholme,    Bishop      A.  Dec.    13,  1902 

Auckland         M.  June    8,  1907 

307  Hall,  Tom,  Ryhope  Colliery,  Sunderland       June    8,  18S9 

308  Hat. las.  Ceorge  Henry.  Claremont,  Huyton,  Liverpool    ..         S.  Oct.      7,  1876 

A.M.  Aug.     4,  1S83 
M.  June     8,  1889 

309  Hallimond,  WILLIAM  Tasker,  P.O.  Box  5191,  Johannes- 

burg, Transvaal         Dec.    14,  18S9 

310  Hamilton.  Edward.  Rig  Wood,  Saltburn-by-the-Sea         ...        S.Nov.     1,1873 

A.M.  Aug.    2,  1879 
M.  June    8,  1889 

311  Hamilton,  James,  Blackhills  Road,  Horden,  Sunderland  ...  Oct.    10,  1908 
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312  Hance,    Henry    Malkin,    Indian    Manganese    Company, 

Nagpur,  Central  Provinces,  India  Oct.    12,  1907 

313*Hancock,  Henry  LtPSON,  Wallaroo  and  Moon ta  Mining  and 
Smelting  Company,  Limited,  Moonta  Mines,  South 
Australia  ...  Dec.    14,  1895 

314  Hands,    Jons,    c  o    Huttenbach    Brothers   and    Company, 

Kuala  Lumpur,   Federated  Malay  States  Dec.    14,  1912 

315  Hann,    Robert,    Jan.,    Harton    House,    Harton    Colliery, 

South  Shields ...  Oct.    14,1895 

316  Hannah,       David,      Brynderwen,      Ferndale,      Rhondda, 

Glamorgan       Feb.     9,  1895 

317  Hare,  George,  Ouston  House,  Pelton,  County  Durham     ...       A.  Feb.  12,  1898 

M.  Dec.    14,  1907 

318  Hake.   Samuel,    Howlish   Hall,    Bishop    Auckland   (Vice-        S.  Aug.     2,  1879 

President,  Me.mher  of  Council)      M.Aug.     1,1891 

319  Harle,  Peter,  South  Grange,  Shincliffe,  Durham Oct.      8,1892 

320  Harle,  Robert  Alfred,  The  Hermitage,  West  Maitland,       A.  April  14,  1894 

New  South  Wales,  Australia  M.  Oct.    12,  1901 

321  Harle,  William Dec.    12,  1908 

322  Harris,  David.  Elands  Laagte  Collieries,  Limited,  Elands  A.M.  June  12,  1897 

Laagte,  Natal,  South  Africa         M.  April  13,  1901 

323  Harrison,    Charles    Augustus,   North  Eastern   Railway 

Company,  Newcastle-upon-Tyne    ...         ...         ...         ...  June  21,  1S94 

324  Haselden,  Arthur,  Linares,  Provincia  de  Jaen,  Spain     ...  A.M.  Dec.   11,  1897 

M.  April  2,  1898 
325*Hawker,  Edward  William,  Eagle  Chambers,  Pirie  Street, 

Adelaide,  South  Australia ...         ...         ...  Oct.     12,  1895 

326  Hawkins,  Thomas  Spear,  c'o  The  St.  John  del  Rey  Mining 

Company,  Limited,    Villa   Nova   de   Lima,    Kstado  de 

Minas,  Brazil,  South  America        ...         ...         ...         ...  Aug.     6,  1904 

327  Hay,   Douglas,  H.M.  Inspector  of  Mines,  34,  Old  Elvet, 

Durham  ...         ...         ...         ...         

328  Hedley,  Arthur  Morton,  Eston  House,  Eston,  Yorkshire 

(Memhf-r  of  Council) 

329  Hedley,  Morton,  Medomsley,  County  Durham       

330  Hedley.  Septimus  H..  Langholme,  Roker,  Sunderland 

331  Heise,  Fritz,  Hernerstrasse,  45,  Bochum,  Germany 

332  Henderson,  Charles,  Cowpen  Colliery  Office,  Blyth 

333  Henderson,  William,  Alston  House,  Littletown,  Durham 

334  Hendy,  John  Cary  Baker.  Etherley,  via  Darlington 

335  Henriksen,  Gudbrand,  Inspector  of  Mines,   Minde,  near 

Bergen,  Norway 

336  Herdman,  William,  St.  John's  Chapel,  County  Durham  ... 

337  Heron,  George   Patrick,  Pont   Head   House,    Leadgate, 

County  Durham 

338  Herrmann,  Henry  J.  A.,  a   Ain-Sedjera,  par  Lafayette, 

Algeria  .. 

339  Heslop.     Christopher.     Woodside.     Marske    Mill    Lane, 

Saltburn-by-the-Sea  ... 

340  Heslop,  Michael,  Rough  Lea  Colliery,  Willington,  County 

Durham 

341  Heslop,     Septimus,     New    Beerbhoom     Coal     Company, 

Limited,  Asansol,  Bengal,  India   ... 

342  Heslop,    Thomas.    Randolph    Colliery,  Evenwood,  Bishop 

Auckland 

343  Heslop,  Wardle,  8,  Beech  Grove  Road,  Newcastle-upon- 

Tyne      

344  Heslop,  William  Taylor,  St.  Georges  Colliery,  Hatting 

Spruit,  Natal,  South  Africa 


Dec. 

14, 

1912 

A. 

Nov. 

'24, 

1894 

M. 

Dec. 

12, 

1903 

A. 

Feb. 

13, 

1909 

M. 

Aug. 

2 

1913 

s. 

Feb. 

15. 

1879 

A.M. 
M. 

Aug. 
Aug. 
Aug. 
Dec. 

1, 
3, 
5, 
9, 

1885 
1889 
1905 
1899 

Aug. 
Oct. 

7, 
14, 

1909 
1893 

Aug. 
April 

6, 
11, 

1904 
1908 

April 

8, 

1911 

Dec. 

L0, 

1898 

S. 

Feb. 

1, 

1868 

M. 
A. 

Aug. 
Feb. 

2 
L0* 

1873 
1894 

M. 

June 

21, 

1894 

Oct. 

12, 

1895 

S. 

Oct. 

2 

1880 

A.  M. 
M. 

S. 

Aug. 
Aug. 
Dec. 

4, 
3, 
10, 

1888 
1889 
1904 

A. 

M. 

Aug. 
June 

7, 
14, 

1909 
1913 

Aug. 

3, 

1895 
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345  Hewlett,  Alfred,  Haseley  Manor,  Warwick  March  7,  1861 

346  Hewlett,  Alfred,  The  Cossall  Colliery  Company,  Limited, 

Cossall,  near  Nottingham June  20,  190S 

347  Hewlett,  Erne,   Ammanford  Colliery  Company,  Limited, 

Ammanford,  Carmarthenshire         ..         ...         ...         ...  Oct.     10,1896 

348  Higson,  Jacob,  Rossland,  Northwood,  Middlesex Aug.     7.  1862 

349  Hill,    Frank    Cyril    Gibson,    Oakdene,    Oxford    Road, 

Moseley,  Birmingham  ..  April    9,  1910 

350  Hill.  William.  The  White  House,  Dordon,  Tamworth     ...  A.M.  June    9,  1883 

M.  Aug.    3,  1889 

351  Hilton.    Thomas   Worthington,    Wigan    Coal   and   Iron 

Company,  Limited.  Wigan  ...         ...         ...         ...         ...  Aug.     3,  1865 

352  Hindmarsh,  Joseph  Parker,  Corrimal,  South  Coast,  New 

South  Wales,  Australia        June  20,  1908 

353  Hindson,  Thomas,  Framwellgate  Colliery,  Durham  ...  Dec.      9,  1905 

354  Hodgkin,  Jonathan  Edward,  Nhelleys,  Darlington  ...  Dec.    13,1902 

355  Holland,  Charles  Henry,  P.O.  Box  415,  Auckland,  New 

Zealand  April   9,  1910 

356  Holliday.  Martin  Forster.  Park  House.  Durham  ...         ...  May     1,1875 

357  Holliday,  Norman  Stanley,  Boyne  Villa,  Langley  Moor,       S.  April  10,  1897 

Durham  M.  Feb.    13:  1904 

358  Holman,  Nicholas,  The  Gibraltar  Consolidated  Gold-mines, 

Limited,  Sheppardstown,  New  South  Wales,  Australia  Dec.   11,  1909 

359  Hood,  George,  9,  Agents  Terrace,  Boldon  Colliery,  Count}' 

Durham  Dec.    14,  1907 

360  Hood,    William  Walker,   Tredean.  near  Chepstow  ...  April   9,1904 

361  Hooper,  Albert  Henry,  29,  Station  Road.  Keswick         ...  *eb.      8,  1913 

362  Hooper,    Edward,    3,    London    Wall    Buildings,    London  A.M.  June    4,  1881 

Wall,  London,  E.C M.  April  14,  1894 

363  Hooper,  James  Augustus,  Springfield,  Lydney      Dec.   12,  1908 

364  Hopwood,  Howell  Arthur,  Directeur  du  District  Lusanga, 

Huileries  du  Congo  Bel^e,  S.A.,  Kinshasa,  Congo 
Beige.  Transactions-  sent  to  Karangintau,  Mynydd 
Isa,  Mold  Oct.    12,  1907 

365  Hopwood,  William,  Vron  Haul,  Buckley,  Chester  ...  Aug.    3,  1901 

366  Hornsby,   Demster,   Choppington   Colliery,   Choppington,        A.  Feb.  12,  1898 

Northumberland         M.  Feb.  10,  1912 

367  Horswill,  Frederick  J.,  1070,  Sixteenth  Street,  Oakland, 

California,  U.S.A Oct.    14,  1899 

368  Hoso,     Shonosuke,      The     Matsushima     Colliery,      West 

Sonokigun,  Nagasaki,  Japan  ...         ...         ...         ...  April  11,  190S 

369  Hotchkis,  Daniel,  Coal  Cliff  Collieries,  Limited,  Clifton, 

New  South  Wales,  Australia  June  20,  190S 

370  Howes,  Frank  Tippett,  Holmleigh,  Colwall,  Malvern  A.  Dec.    10,  1892 

M.  Oct.    14,  1893 

371  Howson,    Charles,    Mainsforth,   Ferry   Hill  S.  Dec.   14,  1901 

A.  Aug.    4,  1906 
M.  June    S,  1907 

372  Hoyle,  Harry  Patrick,  Belmont  House,  Durham  ...  Dec.  12,  1914 

373  Humble,  Ernest,  Killingworth  Colliery,  West  Wallsend,        S.  Feb.    14,  1903 

New  South  Wales,  Australia  A.Aug.    3,1907 

M.  April  11,  1908 

374  Humble,   John   Norman,    West   Pelton    House,    Beamish,       S.  Aug.     2,  1902 

County  Durham  ..         ...         A.  Aug.    5,  1905 

M.  Feb.  10,  1912 

375  Humble,   William,  Lawson  Street,  Hamilton,  Newcastle, 

New  South  Wales,  Australia           Oct.    14,1893 

•'!7<i  Humphbis,  Henry,  Blaenau  Festiniog           Oct.    13,1900 

377  Hunter,  Christopher,  Cowpen  Colliery  Office,  Blyth       ...  A.  Dec.   10,  1S92 

M.  Dec.  12,  1903 

■  :,s  Hunter,  Joseph  Percy,  7,  Elmfield  Road,  Gosforth,  New-  A.  April  8,  1911 

castle-upon-Tyne        M.  Dec.  12,  1914 

379   IfnNTER,  Robert,  Gympie,  Queensland,  Australia June  14,  1902 


LIST    OF    MEMBKRS. 


XXX111 


380  Huntley,    John   Johnson,    .14,  Beacon  Street,  Low  Fell,  A.M. 


Gateshead-upon-Tyne 

381  Hurst.  George,   Lauder  Grange,  Corbridge,  Northumber- 

land 

382  Hutchinson,  George  Weymouth,  Greensburg,  Westmore- 

land County,  Pennsylvania,  U.S.  A 

383  Hutton,   John    George,    Barfield,    East     Maitland,    New- 

South  Wales,  Australia 

384  Hylton,  Frederick  William,  Ryhope  Colliery,  Sunderland 

3S5  I'Anson-Robson,  William  Leonard,   Emerson  Chambers, 
Blackett  Street,  Newcastle-upon-Tyne 

386  Ide,  Kenroku,  Imperial  University,  Kyoto,  Japan 

387  Inskipp,  Dudley  James,  1,  Broad' Street  Place,  London, 

E.C 

385  Jackson,  Walter  Geoffrey,  Bramham  Hall,  Boston  Spa, 

Yorkshire 
3S9  Jacobs,    Montagu,    25,    Mapesbury    Road,    Cricklewood, 
London,  N.W.        ...         ...         ...         

390  Jameson,  John'  Raine,  Chilton  Hall,  Ferry  Hill 

391  Jamieson,  John  William,  South  Hetton,  Sunderland 

392  Jarvie,  James,  Kembla  Heights,  near  Wollongong,  New 

South  Wales,  Australia 

393  Jefferson,  Frederick,  Whitburn  Colliery,  South  Shields 

394  Jeffreys,  James  Henry,  Umtali,  Rhodesia,  South  Africa  ... 

395  Jenkins.   William.  Ocean  Collieries.  Treorchy,  Bhondda, 

Glamorgan 

396  Jennings,  Albert,  12,  Grainger  Street,  Darlington 

397  J epson,  Henry,  39,  North  Bailey,  Durham  ...  


398*Jobling.  Thomas  Edgar,  Bebside,  Northumberland  (Vice- 
President,  Member  of  Council)     ...         ...A 

399*.Tohns,   John  Henry,  Thorsden,  Guildford  Road,  Woking 

400  Johnson,    Edward,    Washington  Hotel,   Porth,  Rhondda, 

Glamorgan 

401  Johnson,    Henry    Howard,    216-217,    Moorgate    Station 

Chambers,  London,   E.C.    ... 

402  Johnson,    James,    Boldon   Lodge,    East    Boldon,    County 

Durham 

403  Jones,    Clement,     Neath    Colliery,     Neath,  New    South 

Wales,  Australia 

404  Jones,  Evan,  Plas  Cwmorthin,  Blaenau  Festiniog 

405  Jones.   Jacob   Carlos.    Wollongong.   New   South    Wales, 

Australia 

406  Jones,    Thomas,    5,    Little    George    Street,     Westminster, 

London,  S.W.  

407  Joynes,  John  James,  Ferndale,  Lydbrook,  Gloucestershire 

408  Kayll.  Alfred  Charles,  Gosforth,  Newcastle-upon-Tyne 

{M'  in  her  of  Council)  ... 

409  Kearney,  Joseph  Musgrave,   Colorado  Mine,   Salisbury, 

Southern  Rhodesia,  South  Africa 

410  Kellett,   Matthew  Henry,  Eldon,  Bishop  Auckland     ... 

411  Kelsick,  Robert,  Aberdare  Colliery,  Cessnoek,  New  South 

Wales,  Australia 

412  Kennaway,      Thomas      William,      Killingworth,      near 

Newcastle,    New  South  Wales,  Australia 

413  Kennedy,  Percy  Joseph  Emerson,  4,  St.  Nicholas'  Build- 

ings, Newcastle-upon-Tyne     ... 


M 

s. 

M. 


Date  of  Election 
and  of  Tranafer. 

Dec.  14,  1912 

April  12,  1913 

April  14,  1883 

Aug.  1,  1891 

Aug.  7,  1909 

Dec.  10,  1904 
Aug.  3,  1907 


Aug.  6,  1910 
Feb.  14,  1914 

June  8,  1907 


June  7,  1873 


Oct. 

June 

Aug. 

9,  1909 

13,  1914 

2,  1902 

Feb. 
Dec. 
Oct. 

8,  1908 
1 1 ,  1897 
8,  1904 

Dec. 
June 

S.  July 
.M.  Aug. 
M.  June 
S.  Oct. 
.M.  Aug. 
M.  June 
June 

6,  1862 
20, 1908 

2,  1872 
2,  1879 
8,  18S9 

7,  1876 
4,  1883 

8,  1889 
21,  1894 

Dec. 

9,  1905 

Feb. 
A.  Aug. 
M.  Dec. 

13,  1904 

6,  1898 

12,  1903 

Dec. 

April 

8,  1906 
13,  1907 

Aug. 

6,  1892 

June 
Aug. 

12,  1897 
6,  1904 

S.  Oct. 
M.  Aug. 

7,  1876 
3,  1889 

Aug.  1,  1903 
8.  April  11,  1891 
M.  Aug.  3,  1895 

June 

1,  1912 

Aug. 

6,  1910 

June 

11.  1910 

i 

c 
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Date  of  Election 
;ind  of  Transfer. 

H4  Kii'ii,  Thomas,  Jun.,  Linares,  Provincia  de  Jaen,  Spain    ...  Aug.    3,  1895 

415  Kirby,  Matthew  Robson,  16,  Old  Elvet,  Durham S.  June     9,  1900 

A.  Aug.     1,  1903 
M.  Oct.    12,  1907 

416  Kirk,     Alfred     Edwin,    Aberdare     Extended    Colliery, 

Cessnock,  New  South  Wales,  Australia Dec.   14,  1912 

417  KlRKBY,  William,  co  Aire  and  Calder  Navigation,  Leeds  A.M.  April  2,  1898 

M.  Aug.  6,  1904 
41  s  Kirkup,  Austin,  Mining  Office,  Bunker  Hill,  Fence  Houses        S.  April  9,  1892 

M.  June  12,  1897 
41 'I  Kirkup   Frederic  Octavius,  Medomsley,  County  Durham         S.April   9,1892 

A.M.  April 25,  1896 

M.  Feb.   14,  1903 
420  Kirkup.  John  Philip.  Burnhope.  Durham  ...         ...         ...  April  11,  1891 

4°1  Kirkup,  Philip,  Leafield  House,  Birtley,  County  Durham       S.  March  2,  1878 

A.M.  Aug.    7,  1SS6 

M.  Aug.    3,  1889 

422  Kirsopp.  John,  Jun.,  Fairholme,  Gateshead-upon-Tyne    ...  June    9,  1900 

423  Kirtley,    William,    21,    Honister   Avenue,    High   West 

Jesmond,  Newcastle-upon-Tyne     ...         Feb.     8,  1913 

424  Kirton,  Hugh,  Kimblesworth  Colliery,  Chester-le-Street ...        S.  April    7,  1877 

A.M.  Aug.     1,  1885 
M.  June    8,  1889 

425  Kitchin,    James    Bateman,    Woodend     House,    Bigrigg, 

Cumberland Aug.     5,  1905 

4°6  Klepetko,  Frank,  307,  Battery  Park  Building,  21-24,  State 

Street,  New  York  City,  U.S. A Oct.    13,1900 

427*Knowles,  Robert,  Ednaston  Lodge,  near  Derby      April  10,  1S86 

428  Kondo,     R.,    co    Furukawa    Mining    Office,    1,    Icchome 

Taesucho,  Kojimachi,  Tokyo,  Japan         June  21,  1894 

429  Korte,  Christian,  10,  Avenue  Crescent,  Harehills  Avenue, 

Leeds Feb.  13,  1909 

430*Kwang,    Kwong    Yung,    Lincheng    Mines,    Lincheng,    via 

Peking,  North  China  June    8,1895 

431  Lacey,  Frank  Philip  Sleigh  April  12,  1913 

432  Laird,  John,  c/o  Cia  Paulista-de-Aniagens,  51a,  Rua  Sao 

Bento,  Sao  Paulo,  Brazil,  South  America  June  13,  1914 

433  Lancaster,  John,  Dunchurch  Lodge,  Rugby  March  2,  1865 

434  Lancaster,  John,  Auchenheath,  Hamilton Sept.    7,  1878 

435*Landero,  Carlos  F.  de,  P.O.  Box  226,  Guadalajara,  Jalisco, 

Mexico  Feb.    15,  1896 

436  Langford,  George  Sherwin.  Taupiri  Coal-mines,  Limited, 

Huntly,  Auckland,  New  Zealand Oct.      9,1909 

).".T   Langslow-Cock,    Edward    Arthur,    Chief    Inspector    of 

Mines,  Naraguta,  Bauchi  Province,  Northern  Nigeria,  A.M.  Aug.    2,  1902 

West  Africa  M.  April  12, 1913 

438*Laporte,    Henry.    151,  Chaussee   de   Charleroi,    Brussels, 

Belgium  May     5,  1877 

439  Lathbury,  Graham  Campbell,  Giridih,  E.I.R.,  Bihar  and 

Orissa,  India Feb.   14,  1903 

440  Latimer,  Hugh S.  Feb.   15,  1896 

A.  Aug.     1,  1903 
M.  Feb.    11,  1905 

441  Lawn,  James  Gunson,  c/o  The  Standard  Bank  of   South 

Africa,  Limited,  10,  Clement's  Lane,  Lombard  Street, 

London,  PLC July   14,  1896 

I  l-J   Lawson,  Willi  .m,  Seaham  No.  2  Colliery,  West  Wallsend, 

near  Newcastle,  New  South  Wales,  Australia Aug.    6,1910 

4  111   Leach,    Charles    Catterall.    Seghill    Hall,  Northumber-       S.  March  7,  1874 

Vice-Pbestdent,  Member  of  Council)        A.M.Aug.    6,1881 

M.  Aug.    4,  18S3 
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in  Leboub,  George  Alexander  Louis,  Armstrong  College, 
Newcastle-upon-Tyne.  Transactions,  etc.,  sent  to  Rad- 
cliffe  House,  Corbridge,  Northumberland 

145  Leck,  William,  II. M.  inspector  of  Mines,  Cleator  Moor, 
Cumberland    ... 

Uti  Lb<  c,  William  John,  Nigerian  Eastern  Railway,  (Mi, 
Onitsha,  West  Africa,  via  Liverpool  ami  Forcados 

447  Lbdgeb,  William,  Mount  Nicholas,  Tasmania 

lis  Lee,  .John  Wilson  Richmond,  70,  St.  Helens  Gardens, 
North  Kensington,  London,  W.     ... 

449  Lkk,   PERCY   EwBANK,    Westfield,  Annfield  Plain,  County 

Durham  ...         ...         ...         ...         ...        

450  Lkk,  William,    Blackball  Colliery,   Castle   Eden,   County 

Durham  ...  ..  ...  ...  ..  

451  Lee,    William,    Stow    Gate,    118,    Stow   Hill,    Newport, 

Monmouthshire 

45'2  Leech,  Arthur  Henry,  11,  King  Street,  Wigan     

453*Lessner,  Charles  Bli  tuner,  Carril,  Pontevedra,  Spain... 

4.">4  Lidster,  Ralph,  Langley  Park  Colliery,  Durham 

455  Lisi'.oa,  Miguel  Arrojado  Ribeiro,  426,  Praia  de  Botafogo, 

Rio  de  Janeiro,  Brazil,  South  America     ... 
4.36  LlSHMAN,  Tom  Alfred,   Horden  Dene,   Easington,   Castle 

Eden,  County  Durham 

457  LlSHMAN,    William     Krnkst.  73,    Osborne     Road,    New- 

castle-upon-Tyne 

458  Livkinc.    Edward   H.,    Brookfield    House,    Long   Stanton, 

Cambridge 

459  Lockwood,   Alfred  Andrew,   46,   Marmora  Road,  Honor 

Oak,  London,  S.E. 

460  Long,  Ernest,  7,  Birchvale  Drive,  Romiley,  Stockport     ... 

461  Longworth,  William,  Ocean  House,  Moore  Street,  Sydney, 

New  South  WTales,  Australia 

462  Lonsdale,  Talbot  Richard,  Malton  Colliery,  Esh,  Durham 

463  Louis.    Henry,  4,  Osborne  Terrace,  Newcastle-upon-Tyne 

(  Vice-President,  Member  of  Council) 
4fi4  Lowdon,  Thomas,  Hamsteels,  near  Durham  ... 

465  Lukis,   Ernest  dtt  Bois,  Apartado  752,  Lima,  Peru,  South 

America 

466  LuPTON,  Arnold,  7,  Victoria  Street,  Westminster,  London, 

B.W.     ...  

467  Lyall,  EDWARD,  in.  Victoria  Road,  Darlington 

468  Lyall,  William,  15,  Bracken  Road,  Darlington 

469  McCarthy,   Edward  Thomas,    10  and  11,  Austin    Friars. 

London,  E. C.  ... 

470  McCowan,  Robert  David,  Barngill,  Distington,  Cumber- 

land 

471  McGEACHIE,  Duncan.   West  Wallsend,  New  South  Wales, 

Australia 

472  McInekny,  Augustix  Joseph,  7,  Rue  de  Hollande,  Tunis 

473  Mackintosh,  James,  Mihijam,  E.I.R.,  Sonthal  Pergunnahs, 

Bihar  and  Orissa,  India 

474  McLei.lan.  Neil,  Idsley  House,  Spennymoor 

475  McMurtrie,  George  Edwin  James.  Radstock,  Bath 

476  McNeill,  Bedford,  1,  London  Wall,  Loudon,  E.C. 

477  McVee,  Robert,  Inspector  of  Mines,  Jones  Street,  Collie, 

Western  Australia 

478  Maitland,  Lionel  Clinton,  2,  Claremont  Range,  Gorton, 

Manchester 

479  Mandebson,  John  Thomas,  North  Seaton  Colliery,  New- 

higgin-by-the-Sea.  Northumberland         


S 

A.M 

M. 


Date  of  Election 

an. I  of  Transfer. 


Feb.  1,  1873 

Nov.  24,  1894 

Dec.  12,  1914 
Aug.  5,  1911 

Aug.  5,  1893 

Feb.  11,  1905 

Feb.  10,  1912 

.June  1,  1912 
Feb.  9,  1901 
Oct.  14,  1911 
April  4,  1903 

Aug.  5,  1905 
Nov.  24,  1S94 
Aug.  7,  1897 
April  13,  1901 

June  10,  1893 
Sept.  1,  1877 
Aug.  2,  1884 
Aug.  3,  1889 

June  12,  1897 
Aug.  4,  1906 

June  11,  1910 
June  14.  1902 

Feb.  15,  1896 
Dec.  14.  L889 

Fel.  11,  1911 

Nov.  6,  1869 
Oct.  14,  1905 
Feb.  13,  1909 


A.M.  Oct. 
M.  Aug. 


8,  1887 
3,  1889 


Dec.  11,  1909 


Nov. 
Aug. 

Oct. 

Dec. 
S.  Aug. 
M.  Dec. 

Dec. 

June 
April 

I  >ec. 


24,  1S94 
4,  1906 

12,  1895 

13,  1902 
2,  1884 

12,  1891 
11,  1897 

1,  1912 

9,  1910 

10,  l!il0 
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LIST    OF    MEMBERS. 


4S0  Manning,  Arthur  Hope,  P.O.  Box  88,  Heidelberg,  Transvaal 
181  '  Makkham,  Gervase  Edward,  Acton  House,  Darlington  ... 


4S-2  Marks,  Arthur  Tristman,  c  o  The  Nile  Valley  Gold-mining 
Company,  Limited,  15,  Oopthall  Avenue,  London,  E.C. 

4S3  Marks,  Herbert  T.,  57,  Moorgate  Street,  London,  E.C.  ... 

484  Marley,  Frederic  Thomas,  Chinchuria  Colliery,  Cliora 
P.O.,  via  Ukhara,  E.I.R.,  Bengal,  India         

is.-,  Marr,  James  Heppell,  Castlecomer,  County  Kilkenny    ... 

486*Marriott,  Hugh  Frederick,  c/o  The  Central  Mining  and 
Investment    Corporation,    Limited,    1,    London    Wall 
Buildings,  London  Wall,  London,  E.C.   ... 
487  Marsh,  Thomas  Aspinall,  Leaders  Buildings,  Wigan 
iss  Marshall,    Alexander    Gilchrist,    Denniston,    Buller, 
New  Zealand  ... 

489  Martin,  Henry   Stuart,  co  H.   Eckstein  and   Company, 

P.O.  Box  149,  Johannesburg,  Transvaal.. 

490  Martin,  Tom  Pattinson,  Seaton  Park,  near  Workington... 

491  Mathieson,  Alexander.  Hetton  Colliery.  Carrington,  near 

Newcastle,  New  South  Wales,  Australia  .. 

492  Matthews,  Frederick  Berkley,  Westerhall,  Langholm   A.M.  Dec. 

493  Maurice,  William,  Star  Works,  Boston  Street,  Sheffield 

494  Mawson,  Robert  Bryham,  Elm  Bank,  Wigan 

495  Mein,  Henry  Johnson,  Carterthorne  Colliery,  Toft  Hill, 

Bishop  Auckland        ...         ...         

496  Mellon,  Henry,  Brook  Lea,  Askam,  Lancashire    ... 

497  Merivale,  Charles  Herman,  Middleton  Estate  and  Col- 

liery Company,  Middleton,  Leeds 


Date  of  Election 
and  of  Transfer. 

Dec.    11,  1897 

s. 

Dec.     4,  1875 

A.M. 
M. 

Aug.    7,  1880 
June    8,  1889 

June  12,  1909 

Oct.    12,  1901 

S. 

Oct.     8,  1898 

A. 

Aug.    5,  1905 

M. 

Dec.   14,  1907 

A. 

Feb.  13, 1897 

M. 

Dec.   12,  1903 

Dec.    12,  1896 

Oct.    10,  1908 

Dec.   10,  1910 

April  13,  1907 
April    4,  1903 

Nov.     5,  1892 

A.M. 

Dec.     9,  1882 

M. 

June    8,  1889 

Dec.    14,  1907 

June  11.  1892 

Dec.      9,  1899 

S 

April  25,  1896 
.  June    9,  1900 

A 

.  Aug.    6,  1904 

M 

.  Dec.    14,  1907 

49S  Merivale,  John  Herman,  Togston  Hall,  Acklington, 
Northumberland  (Secretary,  Past-President,  Mem- 
ber of  Council) 

499  Merz,     Charles     Hesterman,     Collingwood      Buildings, 

Collingwood  Street,  Newcastle-upon-Tyne 

500  Mesurier,  George  James  Brooke  Le,  Ballarpur,  Chanda 

District,  C.P.,  India  ...         

501  Middleton,   John    Thomas,   28,   Victoria    Street,    West- 

minster, London,  S.W. 

502  Miller,  J.  P.  K.,  H.  C.  Frick   Coke  Company,  Scottdale, 

Pennsylvania,  U.S.A. 

503  Millett,    Cornish    Collins    Tyson,   Reno,   Carbis   Bay, 

Cornwall 

504  Mills,   Frederick   Peter,    854,    Scotswood    Road,    New- 

castle-upon-Tyne 

505  Milne,  Norman  Boarer,  Inspector  of  Mines  Office,  Boks- 

burg,  Johannesburg,  Transvaal 

506  Minns,  Thomas  Tate,  Binchester  Blocks,  Bishop  Auckland 


May     5,  1877 
June  10,  1903 


Aug. 
Dec. 


1,  1914 
10,  1910 


Dec.  14,  1895 
Dec.  11,  1909 
April   4,  1914 


Dec.  11,  1909 
S.  April  10,  1897 
A.  Aug.  1.  1903 
M.  Feb.  12,  1910 
A.  Oct.    10,  1891 


507  Minto,    George  William,   Harraton  Colliery,  Chester-le- 

Street M.  Feb.  14,  1914 

508  Montgomery,  Alexander,  Department  of  Mines,  Perth, 

Western  Australia Dec.     9,1899 

509  Moore,   Frederick   George,    Burleston,    Studley    Road,  A.M.  Aug.    7,  1909 

Torquay  M.  Dec.   13,  1913 

510  M IE,  Robert  Thomas,  142,  St.  Vincent  Street,  Glasgow  Oct.      8,  1892 

511  Moore,  William,  Westfield,  Loftus,  Yorkshire      A.M.  Nov.  19,  1881 

M.  Aug.     3,  1889 

512  Moreing,    Charles    Algernon,    20,    Copthall    Avenue, 

London,  E.C Nov.    7,1874 
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513  Morgan,  John,  Stanley  Villa,  Crook,  County  Durham 

514  Morgans,    Godfrey    Kwart,    Xew   Broad   Street   House, 

London,  E.C.  ... 

515  Morison,  Alan  Mushkt 

516  Morison,  John,    14,    Saville    Row,    Newcastle-upon-Tyne  A. 

(Member  of  Council)    ... 

517  Morland-Johnson,    Edward   Thomas,   Bank   of   England 

Chambers,  Tib  Lane,  Cross  Street,  Manchester 

518  Morris,  John       

519  Morris,  William,  Waldridge  Colliery,  Chester-le-Street  ... 

520  Morse,  Willard  S.,  Seaford,  Delaware,  U.S. A 

521*Mort,  Arthur,  Khost,  N.  \V.  R.,  Baluchistan,  India 

.">•_>•_>  Morton,  Reginald  Charles 

523  Morton,  William  Rostern,  37,  Shortridge  Terrace,  New- 

castle-upon-Tyne 

524  Mountain,  William  Charles,  8,  Sydenham  Terrace,  New- 

castle-upon-Tyne (Member  of  Council) 

525  Mundle.  Arthur,  Murton  Chambers,  8,  Grainger  Street, 

Newcastle-upon-Tyne 

526  Murray,    William    Cuthbert,    Framwellgate     Colliery, 

Durham 

527  Murray,    William    John,    Victor   American   Fuel   Com- 

pany, 311,  E.    and  C.    Building,    Denver,    Colorado, 
U.S.A 


Date  of  Election 
and  of  Transfer. 

Dec.  9,  1905 

Dec.  12,  1914 

Oct.  14,  1911 

M.  Dec.  4,  1880 

M.  Aug.  3,  1889 

April  10,  1897 
A.  April  4,  1903 
M.  Aug.  6,  1904 
Oct.  8.  1892 
June  13,  1896 
Dec.  9,  1899 
Aug.  3,  1907 

Aug.  7,  1909 


April 
S.  June 
M.  Aug. 


9,  1892 

5,  1875 
4,  1877 


June  10,  1903 


June  13,  1914 


528  Nagazumi,  Junjiro,  Kannonsaki,  Shimonoseki,  Japan 

529  Nelson,     Charles    Anthony,     Glenview,    Kings     Road, 

Wallsend,  Northumberland 

530  Nelson,  George  Catron,  Holly  Garth,  Brandon  Colliery, 

County  Durham 

531  Nesbit,  John  Straker,   Marley   Hill   Colliery,    Swalwell, 

County  Durham 

532  Newbery,    Frederick.    Throgmorton    House,    Copthall 

Avenue,  London,  E.C. 

533  Newbigin,  Henry  Thornton,  3,  St.  Nicholas'  Buildings, 

Newcastle-upon-Tyne 

534  Nicholas.   Benjamin,   Levant   Mining   Company,    Levant 

Mine,  Pendeen,  Cornwall    ... 

535  Nicholson,  Arthur  Darling,  H.M.  Inspector  of  Mines, 

Astley,  Manchester  ... 

536  Nicholson,  John  Hodgson,  Cowpen  Colliery  Office,  Blyth 

537  Nicholson,  Marshall.  Middleton  Colliery,  Leeds 

538  Nisbet,  Norman,  Eppleton  Hall,  Hetton-le-Hole,  County 

Durham 

539  Noble,  Thomas  George,  Sacriston  Colliery,  Durham 

540  Nogara,  Bernardino,  Galata,  Constantinople,  Turkey     ... 

541  Nomi,     Aitaro,     No.    2,    7    Chome,    Kitamachi,    Aoyama. 

Tokyo,  Japan    .. 

542  Norris,  Robert  Van  Arsdale,  520-524,  Second  National 

Bank  Building,  Wilkes-Barre,  Pennsylvania,  U.S.A.  ... 

543  Northey,  Arthur  Ernkst,  Mina  Dario,  Muga  de  Sayago, 

Zamora,  Spain 
544*Northumberland,    His    Grace    thl    Dike   of,    Alnwick 
Castle,  Northumberland 


Dec.  12,  1908 

Dec.  14,  1912 
A.  Feb.  8,  1902 
M.  Feb.  10,  1912 
S.  Oct.  9,  1897 
A.  Aug.  5,  1905 
M.  Oct.  12,  1907 
A.M.  April  2,  1898 
M.  Feb.  13,  1904 

Oct.  13,  1894 


Oct. 
S.  June 
A.  Aug. 
M.  Feb. 
S.  Oct. 
A.  Aug. 
M.  April 
Nov. 
S.  Nov. 
A.  Aug. 
M.  Aug. 
A.  Feb. 
M.  June 
Dec. 


8,  1910 
13,  1885 

4,  1894 

12,  1898 
1, 1881 
3, 1889 
8. 1893 
7,  1863 

24,  1894 
3,  1901 
6,  1904 

13,  1892 

5,  1895 

14,  1907 


Aug.  5,  1899 
Feb.  13,  1909 
June  10,  1903 
Aug.  2,  1913 
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545  Dates,   Robert  Joseph   William,  Rewah  State  Collieries. 

Umaria,  Central  India,  Bengal  Nagpur  Railway 

546  Oliver,  Ernest  Hunter,  Durham  House,  Murton  Colliery, 

County  Durham 

547  Olsen,     Arnold     Carl    Louis,     P.O.     Box    2,    Florida, 

Transvaal 

548  Ornsby,  Robert  Embleton,  7,  Osborne  Terrace,  Newcastle- 

upon-Tyne 
549*Oshima,    Rokuro,     121,    Yoyogi,    Toyotama-gun,    Tokyo, 
Japan    ... 

550  Oughtox,  Ernest,   The  Soria  Mining  Company,   Limited, 

Plaza  de  San  Sebastian,  6,  Alineria,  Spain 

551  Owens,  William  David,  Lehigh  Valley  Coal  Company,  239, 

Philadelphia  Avenue,  Pittston,  Pennsylvania,  U.S.A. 


Date  of  Election 
and  of  Transfer. 

S.    Feb.    10,  1883 

A.M.  Aug.  1,  1891 
M.  Dec.  12,  1891 
S.  Feb.  8,  1902 
A.  Aug.  1,  1908 
M.  Oct.   9.  1909 


D02 


554 


Paley,  George,  Glebe  House,  Whitburn,  Sunderland 
Palmer,  Claude  Bowes,  Wardley  Hall,  Pelaw,  Newcastle- 
upon-Tyne 
Palmer,  Hakry,  16,  Fountain  Street,  Guisborough,  York- 
shire 


555  Pamely,  Caleb,  64,  Cromwell  Road,  Bristol 

556  Pamplin,  Eliah  George,  Cherry  Hinton,  Cambridge 

557  Parish,    Charles    Edward,    31,     Hanger    Lane,    Ealing, 

London,  W. 

558  Parrington,    Henry    Mason,    Dene    House,    Castletown, 

Sunderland 

559  Parrington,  Matthew  William,  Wearmouth  ( !olliery,  Sun- 

derland (Past-President,  Member  of  Council) 

560  Parrington,    Thomas    Elliot,   Carley    Hill,   Monkwear- 

mouth,  Sunderland    ... 

561  Parsons,   Hon.    Sir  Charles  Algernon,  K.C.B.,  Heaton 

Works,  Newcastle-upon-Tyne 

562  Peaice,  R.  Cecil,  Cumberland  House,  Redbourn,  St.  Albans 


563  Pearson,      Reginald      George,       Paardekop,       District 

Standerton,  Transvaal 

564  Pedelty,   Simon,   3,  Tunstall    Terrace,    Ryhope   Colliery, 

Sunderland 

565  Peel.  Robert.  New  Brancepeth  Colliery,  Durham 

566  Percy,    Frank,    Mining   and   Technical    College,    Wigan. 

Transactions     sent    to    The    Librarian,     Wigan    Free 
Library,  Wigan 

567  Percy,    Robert     McLeod,     Arnside,     Lansdowne     Road, 

West  Didsbury,  Manchester 

568  Peterkin,  John   Alexander,  Balvaird,   Campbell   Road. 

Swinton,  Manchester 

569  Phillips,     Henry     Archibald     Allen,      Westmancote, 

Uplands  Terrace,  Swansea  ... 

570  Phillips,    Percy   Clement   Campbell,    Hall's   Collieries, 

Limited,  Swadlincote.  Burton-upon-Trent 

571  Pockson,    Melville   John    Hastings,  Kenilworth,    East 

Avenue,  Benton,  Newcastle-upon-Tyne  ... 
57--'   Pollitzer,  Samuel  Joseph,  Terrys  Chambers,  14,  Castle- 
li  Street,  Sydney,  New  South  Wales,  Australia     ... 
573  Poole,    Gordon    George    Thomas,    14,    Lonsdale    Road, 

Roker,  Sunderland 


Dec. 

9, 

1905 

June 

11, 

1898 

April 

10, 

1897 

A.  Dec. 

11, 

1909 

M.  Aug. 

5, 

1911 

Feb. 

11, 

1905 

Oct. 

12, 

1901 

A.M.  Nov. 

5, 

1892 

M.  June 

s, 

1895 

S.  June  14, 

1902 

A.  Aug. 

7, 

1909 

M.  Dec. 

12, 

1914 

S.  Sept. 

o, 

1868 

M.  Aug. 

5, 

1877 

Aug. 

1, 

1903 

Feb. 

1(1. 

1900 

S.  Feb. 

13, 

1904 

A.  Aug. 

3, 

1907 

M.  Aug. 

7, 

1909 

S.  Dec. 

1, 

1864 

M.  Aug. 

6, 

1870 

S.  Aug. 

3, 

1895 

A.  Aug. 

1, 

1903 

M.  Oct. 

12, 

1907 

A.M.  June 

12, 

1886 

M.  Aug. 

3, 

1889 

S.  Feb. 

7, 

1880 

A.M.  Aug. 

7, 

18S6 

M.  Aug. 

3, 

1889 

Feb. 

12, 

1910 

A.  Dec. 

10, 

1892 

M.  Dec. 

14, 

1907 

Aug. 

6, 

1892 

Dec. 

12, 

1903 

Dec. 

14, 

1907 

Oct. 

8, 

1910 

June 

1, 

1912 

June 

10, 

1903 

Oct. 

8, 

1910 

April  12, 

1902 

A.M.  Oct. 

11, 

1913 

M.  Dec. 

12 

1914 

LIST    OF    MEMBERS.  XX MX 


Date  of  Election 
and  of  Ti 


.">74  Pools,    William,   Julius  and  Poole,  Culwalla  Chambers, 

Castlereagh  Street,  Sydney,  NewSouth  Wales,  Australia  Feb.   13,  1909 

575*Poork,  GlOBGB  Bentlky,  Ross,  Marin  County,  California,  A.M.  Dec.   10,  1S98 
U.S.A M.  April  8,  1899 

576  Porter,    John     BoNSALL,    McGill    University,    Montreal, 

Quebec,  Canada  Dec.     8,  1900 

577  POWELL,  CHARLES  Henry,  International   Mines,  Limited, 

Biggenden,  via  Maryborough,  Queensland,  Australia  ...  June  14,  1902 

578  Prest,  John  Joseph,  Hardwick  Hall,  Castle  Eden,  County 

Durham  Feb.     9,  1901 

579  Price,    Francis    Holborrow    Glykk,    7,    l'icton    Place, 

Swansea  June  10,  1899 

580  Prick,  Frederick  James,  Collie,  Western  Australia         ...  Oct.     11,  1913 

551  I'kke,    STEPHEN     Richard,    Dilston     House,    Corbridge,        S.  Nov.     3,  1S77 

Northumberland         A.M.  Aug.     1,1885 

M.  Aug.    3,  1889 

552  Price.  Samuel  Warren,  The  Wern,  Peterston-super-Ely, 

Cardiff Aug.     3,  1S95 

583  Pringle,  John  Archibald,  Mvsore  Mine.   Marrikuppam, 

Southern  India  ...  .'. Dec.    10,1898 

5S4*Prior,  Hon.  Edward  Gawler,  Victoria,  British-Columbia. 

Transactions    sent    to    Thomas   R.    Stockett,  "Western 

Fuel  Company,  Nanaimo,  British  Columbia       ...         ...  Feb.     7,  1880 

585  Pollon,  Joseph  Thomas,  Rowangarth,  North  Park  Road, 

Roundhay,  Leeds       Feb.    11,1905 

586  Purdy,  Richard,  Katras  Colliery,  Katrasgarh  P.O.,  E.I.R., 

Manbhum,  Bihar  and  Orissa,  India  ...         Aug.     1,1908 

587  Rae,  John  Livington  Campbell,  Lisgar,  75,  King  Street, 

Newcastle,  New  South  Wales,  Australia  Oct.    14,  1899 

558  Raine,    Frederick    James,    The   New   Copley   Collieries,        S.  Feb.   15,  1896 

Limited,  Cockrield,  County  Durham        A.Aug.    6,1904 

M.  Feb.     9,  1907 

559  Ramsay,  John,  Tursdale  Colliery,  Ferry  Hill  A.  April  27,  1895 

M.  Feb.    13,  1904 

590  Ramsay,  William,  4,  Hayesland  Villa,  Wells  Road,  Bath  Feb.   12,  1910 

591  Rankin,    Thomas    Thomson,    53,    York    Road,    Birkdale, 

Southport        April   9,  1904 

592  Raw,  George,  Haltwhistle,  Northumberland  June  13,  1914 

593  Redman,  Sydney  George,  Collingwood   Buildings,   New- 

castle-upon-Tyne         ...  Feb.   10,  1906 

594  Redwood,  Sir  Boverton,  Bart.,  The  Cloisters,  18,  Avenue 

Road,  Regent's  Park,  London,  N.W June  21,  1S94 

595  Rees,  Robert  Thomas,  Glandare,  Aberdare  Aug.    7,1897 

596  Rees,  William  Thomas,  Maesyffynon,  Aberdare     A.M.  Oct.      9,  1897 

M.  Feb.    12,  1898 

597  Rhodes,   Charles    Edward,    The   Bungalow,    Lane   End, 

Rotherham       Aug.     4,  1883 

598  Richards,  Fred Aug.    3,  1907 

599  Richards,  Thomas  J.,  74,  Duffryn  Street,  Ferndale,  Rhon- 

dda,  Glamorgan  Oct.    10,1896 

600  Richardson,  Nicholas,  c  oMissD.  Richardson,  3,  Summer-        S.  Dec.    12,  1896 

hill  Grove,  Newcastle-upon-Tyne A.Aug.    3,1901 

M.  Dec.   14,  1901 

601  Riddle,  James  Edward,  West  Denton  Colliery,  Scotswood, 

Northumberland         Oct.   11,  1913 

602  Ridge,    Harry   Mackenzie,    62.   London    Wall,    London, 

E.C Dec.   14,  1907 

603  Ridley,  James  Cartmell,  Cathedral  Buildings,  Newcastle- 

upon-Tyne       Dec.   14,  1912 

604  Ridley,  Norman  Backhouse,  Union  Chambers,  32,Grainger 

Street  West,  Newcastle-upon-Tyne  '111110     8,1895 
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605  Ridpath,  Thomas  Rossiter,  Blaydon  Burn,  Blaydon-upon- 

Tyne,  County  Durham         ...         

606  RlGBT,  Thomas  Henry,  Leaders  Buildings,   King  Street, 

Wigan  ... 

607  Ritson,    John    Ridley,    Burnhope    Colliery,    Lanchester, 

Durham 

608  Ritson,   Utrick  Alexander,   Milburn  House,  Newcastle- 

upon-Tyne 

609  Roberton,  Edward  Heton,  Fencote,  Fenham,  Newcastle- 

upon-Tyne        ...         ...         

610  Roberts,     James,     Jun.,     Perran     House,      Perranporth, 

Cornwall 

611  Roberts,  John,  Laxey,  Isle  of  Man     

612  Roberts,  John,  41,  Coram  Street,  Russell  Square,  London, 

W.C 

613  Roberts,  William,  Bella  Vista,  Perranporth,  Cornwall    ... 

614  Robertson,    Daniel    Alexander    Wilberforce,    Metro- 

politan    Colliery,     Helensburgh,    near     Sydney.    New 

South  Wales,  Australia 
615* Robertson,    James    Robert    Millar,     38,    Pitt    Street, 

Sydney,  New  South  Wales,  Australia     ... 
616*Robins,  Samuel  Matthew.    Transactions  sent  to  Thomas  R. 

Stockett,   Western  Fuel  Company,    Nanaimo,    British 

Columbia 

617  Robinson,  George,  Boldon  Colliery,  County  Durham 

618  Robinson.  George   Henry,   Jun.,    The  Itabira    Iron   Ore 

Company,    Limited,    c/o    Wilson,  Sons  and  Company, 
Limited,  Rio  de  Janeiro.  Brazil,  South  America 

619  Robinson,    John     Thomas,    South     Medomsley    Colliery, 

Dipton,  County  Durham 

620  Robinson,    John     William,    Bebside    Colliery,    Bebside, 

Northumberland 

621  Robinson,  Stanley,  Bunker  Hill,  Fence  Houses 


622  Rochester,     William,    Highfield,     Beechwood     Avenue, 

Ryton,  County  Durham 

623  Rodewald,  Rudolf,  Nenthead  Mines,  Nenthead,  Alston, 

Cumberland    ...         ...         

624  Rogers,   John,    Tanfield    Lea    House,   Tantobie,   County 

Durham 

625  Ronaldson,  James    Henry,  4,    London   Wall   Buildings, 

London  Wall,  London,  E.C. 

626  Rosenplaenter,   Carlos   Bernard,   c/o   Henry   S.    King 

and  Company,  65,  Cornbill,  London,  E.C. 

627  Routledge,      William    Henry,     Glanbaiden,      Gilwern, 

Abergavenny 

62S  Rowe,    Joseph   Seymour,   Metropolitan  Collier}',    Helens- 
burgh, New  South  Wales,  Australia 

629  Rowley,  Walter,  20,  Park  Row,  Leeds 

630  Rumbold,     William     Richard,     Oruro,     Bolivia,    South 

America,  via  Buenos  Aires  i  Tupiza 

631  Russell,     Robert,    Coltness     Iron     Works,      Newmains, 

Lanarkshire     ... 

632  RiTiiKKKDRi),  Robert,  The  Lawn,  Rhymney,  Cardiff 

<;:;:'.   Rutherford,    William,    (ireeiilaw,    The   Avenue,    Monk- 
seaton,  Whitley  Bay,  Northumberland    ... 


S. 
A. 
M. 


S. 

A.M 

M 


S. 
M. 


S. 
A. 
M. 

S. 
A. 
M. 
A. 
ML 


Date  of  Election 
and  of  Transfer. 

June  8,  1901 
Aug.  4,  1906 
April  9,  1910 

Dec.  12,  1908 

April  11,  1891 

.  Aug.  3,  1895 

,  Feb.  14,  1903 

Oct.   7,  1871 

Dec.  12,  1914 

Dec.  14,  1895 
Dec.  9,  1905 

Feb.  10,  1912 
Aug.  4,  1906 


Aug.  6,  1892 
Aug.  2,  1890 


Oct.  12,  1895 
June  10,  1899 

Dec.  9,  1899 
April  8,  1905 


Feb.  13, 
April  12, 
Aug.  5, 
Feb.  14, 
Oct.  12, 
Aug.  1, 
June  1, 
Dec.  10, 
Dec.  12, 


1892 
1902 
1905 
1914 
1901 
1908 
1912 
1898 
1908 


April  7,  1906 

April  8,  1899 

Aug.  4,  1906 

.  Feb.  11,  1911 

Aug.  6,  1892 


June 
Oct. 

Aug. 


S. 
A.M. 

M.  June  8,  1889 


1,  1912 

7,  1876 
1,  1S85 


Aug.  3,  1907 
Aug.  5,  1893 

June  14,  1902 

Aug.'  3,  1878 
Oct.  11,  1902 

Feb.  9,  1901 


LIST    OF    MKMBKRS. 
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634*Saisb,  Walter,  Stapleton,  Bristol      A. 

635  Sam,    Thomas   BlBCB    FREEMAN,    Domkodu,    Cape    Coast 

Castle,  West   Africa... 

636  Sambornb,    John    Stukels     Palmer,    Timsbury    House, 

Bath  

637  Sample,  James  Bertram,  Coolbawn,  Castlecomer,  County 

Kilkenny 

638  Sampson,  William,  33,  Queen  Street,  Singapore     

639  *S.vm  well.  Nicholas,  I'.O.  Box  38.">.  Rangoon,  Burma,  India 

640  Sandow,  William  John  Josiah,  St.  Day,  Scorrier,  Corn- 

wall 

641  Saner,   Charles    Benjamin,   Luipaards   Vlei   Estate   and 

Gold-mining  Company,  Limited,  I'.O.  Box  53,  Krugers- 
dorp,  Transvaal 
642*SAWTER,  Arthur  Robert,  14,  Launceston  Place,  Kensing- 
ton, London,  W.        ...  ...  ...  ...  ...  ...  A 

643  Schnabel,  Leberecht  Ferdinand  Richard,  Sun  Buildings, 

Corner    of    Bourke    and    Queen    Streets,    Melbourne, 
Victoria,  Australia    ... 

644  Schwarz,  Paul,  Dortmund,  Crook,  Count}-  Durham 

645  Scott,  Anthony,  Netherton  Colliery,  Nedderton.  Newcastle- 

upon-Tyne 

646  Scott,  Charles  F.,  Newbell,  Consett,  County  Durham     ... 

647  Scott,   Ernest,  V2,   Westgate  Road,  Newcastle-upon-Tyne 
64S  Scott,  Edward  Charlton,  Woodside  Cottage,  Totley  Rise, 

Sheffield  

649  Scott,  George  Henry  Hall,  Down  Place,  Guildford 

650  Scott,   Herbert    Kilburn,   46,    Queen    Victoria    Street, 

London,  E.C. ... 

651  Scott,  William  Angus,  102,  St.  Mary  Street,  Cardiff 

652  Scott,  Walter  Robert,  The  Limes,  South  Moor,  Stanley, 

County  Durham 

653  Sedcole,  William  John,  17,  Westoe  Road,  South  Shields 

654  Sethna,  Nanabhot  Rustomji,  e/o  Midland  Coal,  Coke  and 

Iron  Company,  Limited,  Apedale,  Newcastle,  Stafford- 
shire     ...         ...         ...         ...  ..         ...         

655  Severs,  Joseph,  North  Walbottle,  Newburn,  Northumber- 

land 

656  Severs,  William,  Beamish,  County  Durham  

657  Shanks,  John,  Nordegg,  Alta,  Canada         

658  Sheafer,  Arthur    Whitcomb,   Pottsville,    Pennsylvania, 

U.S.A 

659  Shiel,  Francis  Robert  Archibald,  Rosehank,  Burnopfield, 

County  Durham 

660  Simon,  Frank,  Rand  Club,  Johannesburg,  Transvaal 

661  Simpson.  Charles  Liddell.   13,  Montagu  Place,  Montagu 

Square,  London,  W.... 

662  Simpson,  Francis  L.  G. ,  Mohpani  Coal-mines,  Gadawarra,  A 

C.P.,  India       

§63  Simpson,  Frank  Robert,  Hedgefield  House,  Blaydon-upon- 
Tyne,  County  Durham  (Vice-President.  Member  of 
Council) 

664  Simpson,  John,  Follonsby.  Hawthorn  Gardens,  Monkseaton, 

Whitley  Bay,  Northumberland  {Member  of  ( 'ouneil)    ... 

665  Simpson,  John  Bell,  Bradley  Hall,  Wylam,  Northumb  i 

land  (Past-President,  Member  vf  Council)       


Date  of  Election 
and  of  Transfer. 

Nov.  3,  1877 
Aug.  3,  1889 

Aug.  5,  1893 


Aug, 

Jan. 
Aug. 
Oct. 

Oct. 


1,  1891 
19,  1895 

4,  1900 
10,  1903 

9,  1909 


April  13,  1901 

Feb.  8,  1908 

April  10,1897 
June  10,  1911 
Dec.  6,  In;:; 
Aug.  2,  L879 
June  8,  1889 


April  13,  1907 
April  9,  1904 

April  8,  1905 
April  11,  1874 
Aug.  4,  1877 
April  9,  1892 
Oct.  8,  1892 
Feb.  11,  1899 
April  12,  1902 
Dec.  8,  1906 

Oct.  11,  1902 
June  10, 1911 

April  4,  1914 
April  4,  1914 


Oct.  10,  1914 


A. 

M. 


June  8,  1901 
Nov.  5,  1892 
8,  1900 
5,  1905 


Dec. 
Aug. 


Aug.  4,  1894 

June  10,  1911 
Dec.  14,  1895 

April  8.  1893 
Dec.  13,  1884 
Aug.  3,  1889 
Aug.  4,  1883 

Aug.   1,  1S91 

.  Dec.  6,  1S66 

Aug.  1, 1868 

Oct.   4.  I860 
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Date  of  Election 

and  of  Transfer. 


666  Simpson*,  Robert  Rowell,  Inspector  of  Mines,  Dhanbaid,       S.  Aug.     3,  1895 

E.  I.  R.,  Manbhum,  Bihar  and  Orissa,  India         A.Aug.    2,1902 

M.  Oct.    11,  1902 

667  Simpson,  Thomas  Ventress.  Throckley  Colliery,  Newburn,       S.  Dec.   14,  1895 

Northumberland         A.  Aug.    2,  1902 

M.  Dec.  13,  1902 
Mis  Skertchley,  Sydney  A.  R.,  c/o  The  Institution  of  Mining 

and  Metallurgy,  1,  Finsbury  Circus,  London,  E.C.     ...  April  13,  1901 

669  Sloan,    Robert   Patrick,   Craiglea,    Graham   Park  Road, 

Gosforth,  Newcastle-upon-Tyne     ...         ...         Oct.    8,  1910 

670  Smallwood,    Percy    Edmund,    The     Garth,    Medomsley,        A.  Oct.  11,  1902 

County  Durham         M.  Oct.  12,  1907 

671  Smart,  Alexander,   5,   London  Wall   Buildings,    London 

Wall,  London,  E.C Feb.    10,  1894 

672*Smith,   Richard  Clifford,  Grovehurst,  Tunbridge  Wells  Dec.     5,  1874 

673  Smith,  Robert  Fleming,  Melwyn,  Cleator  Moor,  Cumber- 

land         Aug.    6,  1904 

674  Smith,  William,  P.O.  Box  653,  Johannesburg,  Transvaal  ...  Oct.    11,  1902 

675  Smith,  William  Woodend,   1,  Victoria  Terrace,  St.  Bees, 

Cumberland Aug.     6,  1904 

676  Snodgrass,  Benjamin  Walter,  Delagua,  Colorado,  U.S.A.  June  13,  1914 

677  Sopwith,  Arthur,   Wavertree,  Handsworth,  Staffordshire  Aug.     6,  1863 

678  Southern,     Edmund     Octavius,     North     Seaton     Hall,       S.  Dec.     5,  1874 

Morpeth  A.M.  Aug.     1,  1885 

M.  June     8,  1889 

679  Southern,  R.  W.  A.,  33,  The  Parade,  Cardiff         Aug.     3,  1865 

680  Southern,  Stephen,  Heworth  Colliery,  Felling,  Gateshead-        S.  Dec.  14,  1895 

upon-Tyne       A.  Aug.     3,  1901 

M.  Dec.  12,  1914 

681  Southwood,  Reginald  Thomas   Enfield,  Nether  House, 

Spencer  Road,  Putney,  London,  S.W Feb.   10,1906 

682  Spence,  Robert  Foster,  Back  worth,  Newcastle-upon-Tyne        S.  Nov.    2,  1878 

A.M.  Aug.    2,  1884 
M.  Aug.     4,  1889 

683  Stanley,  George  Hardy,  South  African  School  of  Mines  and 

Technology,  P.O.  Box  1176,  Johannesburg,  Transvaal  April  12,  1902 

684  Steavenson.  Charles  Herbert,  Redheugh  Colliery,  Gates-       S.  April  14,  1883 

head-upon-Tyne         A.  Aug.     1,  1891 

M.  Aug.    3,  1895 

685  Steel,  Robert,  Wellington  Colliery  Office,  Whitehaven   ...  Aug.    5,  1905 

686  Stephenson,  Ralph,  Fern  Cottage,  Poolstock  Lane,  Wigan  Dec.   10,  1904 

687  Stewart,       William,     Brodawel,      Caerleon,     Newport, 

Monmouthshire  ..  June    8,  1895 

6S8  Stobart,  Frank,  Selaby  Hall,  Gainford,  Darlington  ...        S.  Aug.     2,  1873 

A.M.  Aug.     5,  1882 
M.  June    8,  1889 

689  Stobart,  Henry  Temple,  Wearmouth  Colliery,  Sunderland        S.  Oct.     2,  1880 

A.M.  Aug.    4,  1888 
M.  Aug.    3,  1889 

690  Stobart,     William     Ryder,     Colliery    Office,    Etherley, 

Bishop  Auckland         Oct.    11,1890 

691  Stoker,  Arthur  P.,  3,  Saltwell  View,  Gateshead-upon-Tyne      S.Oct.      6,1877 

A.M.  Aug.     1,  1885 
M.  Aug.    3,  1889 

692  Stokoe,  James,  Herrington  Lodge,  West  Herrington,  via      A.  Nov.  24,  1894 

Sunderland      M.  Dec.    10,  1904 

693  Stokoe,  John  George,  Woolley  Moor  House,  Cri^glestone,       A.  Dec.     9,  1899 

Wakefield        M.  Feb.    11,  1911 

694  Stone,  A kthur,  Heath  Villas,  Hindley,  Wigan       June  13,  1S96 

09.V  Stonier,  George  Alfred, 726, Salisbury  House,  London,  E.C.  June  11,  1904 

696  Storey,  William,  Urpeth  Villas,  Beamish,  County  Durham  April  12,  1902 

697  Stow,  Audley  Hart,  Pocahontas,  Virginia,  U.S.A.  ...  Feb.   13,  1909 

698  Straker,    .1.     If.,    Jlowden    Dene,    Corbridge,    Northum- 

berland    Oct.      3,  1874 
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A.M. 
M. 


699  Stkkatkkii.d,  Hugh  Sidney,  Ryhope,  Sunderland 

700  Stuart,  Donald  McDonald  Douglas,  25,  Woodstock  Road, 

Redland,  Bristol 

701  SUGQBTT,   Arthur,    Ivy  House,    Witton-le-Wear,   County 

Durham 

702  Sf.M.MERBELL,  Richard,  Preston  Colliery,  North  Shields   ,.,       A. 

M. 

703  Sutcliffe,  Richard,  Horbury,  Wakefield     

Tot  SuiTON,  William,  Grosmont,  46,  Palace  Road,  Streatham 

Hill,  London,  S.W 

705  Swallow,    Frederick    Charles,    Amphion   House,    Don- 

caster    ... 

706  Swallow,    John,    2,    Percy    Gardens,    Tynemouth,    North 

Shields ...  ...  ...         

707  Swallow,  Ralph  Storey,  Langlev  Park,  Durham     .         ...       A. 

M. 

708  Swallow,   Wardle  ASQUITH,  Seaham  Colliery,  New  Sea-       S. 

ham,  Seaham  Harbour,  County  Durham  ...         ...  A. 

M. 

709  Swinburne,  Cm  freville  Percy,  Chief  Inspector  of  Mines, 

Union  of  South  Africa,  P.O.   Box   1132,  Johannesburg,  A.M. 
Transvaal         ...         ...         ...         ...         ...  ...         ...       M. 

710  Swindle,  Jackson,  North  Bank,  Beech  Grove,  Whickham, 

Swal well,  County  Durham    .. 

711  Symons,  Francis,  Ulverston      


Date  of  Election 
and  of  Transfer 

June  8,  L889 
Aug.    3,  1889 

June     8,  1895 

June  13,  1914 

Dec.     9,  1905 

.  Dec.  14,  1907 

June  14,  1902 

April  28,  1900 

Dec.     9,  1911 

May  2,  1874 
Dec.  9,  1899 
Dec.  12,  1903 
Dec.  9,  1893 
Aug.  3,  1901 
Aug.    2,  1902 

Aug.  4,  1894 
June  14,  1902 

June  14,  1902 
Feb.   11,  1899 


712  Tallis,  John  Fox,  84,  High  Street,  Newport,  Monmouth- 

shire 

713  Tate,  Robert  Simon,  The  Old  House,   Trimdon  Grange, 

County  Durham 

714  Tate,    Simon,    Trimdon  Grange  Colliery,    County  Durham 

[Member  of  Council)  ... 

715  Tate,    Walker    Oswald,    Usworth     Hall,    Washington, 

Washington  Station,  County  Durham 

716  Taylor,  Herbert  William 

717  Taylor,    Thomas,     Chipchase    Castle,    Wark,    Northum- 

berland ...         ...         ...         ...         

718  Teasdale,  Thomas,  14,  North  Lodge  Terrace,  Darlington 

719  Tennant,    John    Thomas,    Mitchell    Street,    Merewether, 

Newcastle  District,  New  South  Wales,  Australia 

720  Terry,    Arthur   Michael,   1,    Clifton   Road,   Newcastle- 

upon-Tyne 

721  Thom,  Archibald,  Jun.,  25,  Belle  Isle  Street,  Workington 

722  Thomas,  David  Lewis,  Ty-Cerrig,  Slate  Street,  Morriston, 

Glamorgan 

723  Thomas,  Iltyd  Edward,  Glanymor,  Swansea 

724  Thomas,  J.  J.,  Hawthorn  Villa,  Kendal  

725  Thomas,  Richard,  Cambria  Villa,  Stockton,  New   South 

Wales,  Australia        ...         

726  Thomlinson,  William,  Seaton  Carew,  West  Hartlepool  ... 

727  Thompson,  John  William,  East  Holywell  Colliery,  Shire- 

moor,  Newcastle-upon-Tyne 

728  Thompson,  Robert  Reginald,  co  Strick,  Scott  and  Com- 

pany, Limited,  Mohammcrah,  Persia,   via  Bombay  and 
Persian  Gulf    ... 

729  Thomson,  Thomas  

730  Thornton,    Norman     Mischamp,    301,   Tegler    Building, 

Edmonton,  Alberta,  Canada 


Dec.  12,  1903 

S.  Aug.  3,  1901 

A.  Aug.  4,  1906 

M.  Dec.  11,  1909 

Sept.  11,  1875 
S.  Oct.  12,  1895 
A.  Aug.  1,  1903 
M.  Feb.  13,  1904 
A.  Aug.  2,  1902 
M.  Aug.  2,  1913 

July  2,  1872 
April  9,  1892 

Dec.  12,  1903 

Aug.  6,  1904 
Aug.  5,  1905 

Aug.  2,  1913 
Feb.  10,  1900 
June  21,  1894 

Feb.  11,  1899 

April  25,  1896 

A.  June  10,  1893 

M.  Feb.  10,  1900 


Dec.  10,  1910 

Feb.  8,  190S 

S.  April  27,  1895 

A.  Aug.  2,  1902 

M.  June  10,  1903 
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731 
732 

733 
734 
735 
736 

737 

738 
739 

740 

741 
742 


Thornton,    Thomas,    Blackball    Colliery,    Castle     Eden, 

County  Durham 
Todd,  John  Thomas,  Black  well  Collieries,  Alfreton 


ToWNSEND,     Harry     Poyser,      Village     Deep,     Limited, 
P.O.  Box  1064,  Johannesburg,  Transvaal 

TkeleaSE,    William    Eenwood.   Chalet   Collombert,    Aix- 
les-Bain.s.  Savoie,  France 

Trevor,  Barle  Wellington  Jenks,  co  Percy  Tarbutt  and 
Company,  18,  St.  Swithin's  Lane,  London,  E.C. 

Trewabtha-James,      William      Henry,      Manor     Lodge, 
4,  Grove  End  Road,  St.  John's  Wood,  London,  N.W. 

Tbotman,   Henry    Leigh,    Capital    and    Counties    Bank, 
Dawlish,  Devon 

Tclip,  Samuel,  Bunker  Hill,  Fence  Houses  ... 

Turnbull,  John    James,   135,  Osborne   Road,  Newcastle- 
upon-Tyne 

Tcrnbull,  Robert,  Usworth  Colliery,  Washington,  Wash- 
ington Station,  County  Durham     ... 

Tyi  rs,   John    Emanuel,    Rewah  State  Collieries,  Uniaria,  A.M. 
Central  India    .  ...         ...         ...         ...      M. 

Tyers,    John   Emanuel,    .Tun.,    Rewah    State    Collieries, 
Umaria,  Central  India 


743  Varty,  Armstrong,  Liverton  Mines,  Loftus,  Yorkshire    ... 
74^   Veasey,  Harvey  C,  Tiril,  Ranchi  P.O. ,  Bengal,  India    ... 

745  Verey,    Joseph    Crosby,    Apartado    1723,    Mexico    City, 

Mexico  ... 

746  Verny,  George,  Pont  d'Aubenas,  Ardeche,  France 

747  Wauham,  Walter  Francis  Ainslie,  Millwood,  Dalton-in- 

Furness,  Lancashire 
74S  Wales,   Henry  Thomas,    Bank  Chambers,  Castle  Square, 
Swansea 

749  Walker,  Henry,  H.M.  Inspector  of  Mines,  Tyne  Lodge, 

Grange  Loan,  Edinburgh 

750  Walker,  James  Howard,  Bank  Chambers  Wigan 

751  Walker,     John     Scarisbrick,     Pagefield     Iron     Works, 

Wigan  ...  ...         ...  ...  

752  Walker,  Sydney  Ferris,  Bloomfield  Crescent,  Bath 

753  Walker,  Thomas  A.,  Pagefield  Iron  Works.  Wigan 

754  Walker,  William  Edward,  Lowther  Street,  Whitehaven 

755  Wall,  William  Henry,  748,  Burrard  Street,   Vancouver, 

British  Columbia 

756  Walsh,    George    Paton,    3,    Sarphatikade,    Amsterdam. 

Holland  ...  ...  

757  Walton,  Arthur  John,  Rose  Deep,  P.O.  Box  6,  Germiston, 

Transvaal 


Dace  of  Election 
ami  of  Transfer. 


Feb.  10,  1912 
Nov.  4,  1876 
Aug.  1,  1885 
June  8,  1889 

April  12,  1902 

April  8,  1893 

Aug.  2,  1902 

Dec.  12,  1896 

Feb.  13,  1904 
June  12,  1897 

Feb.  12,  1898 

Aug.  2,  1902 
Dec.  10,  1877 
Aug.  3,  1889 

Aug.  2,  1913 

April  12,  1913 
June  21,  1894 

April  9,  1910 
Oct.   8,  1898 

Dec.  10,  1898 

Feb.  11,  1893 

June  8,  1907 
Dec.  9,  1899 

Dec.  4,  1869 
June  11,  1898 
June  S,  1895 
Nov.  19,  1881 

June  14,  1902 


758  Walton-Brown,  Stanley,  Seghill  Colliery 
Northumberland 


S. 

A. 

M. 
Seghill,  Dudley,  S. 
...       A. 

M. 

759  \\  \i;i».  Thomas  Henry,  Giridih,  East  Indian  Railway,  Bihar  A.M. 

and  Orissa,  India       ...         ...  ...         ...  ..         ...      M. 

760  Wake,  Francis  Thomas,  The  Croft,  Corbridge,  North um- 

berlaii'l 

761  Watson,  Claude  Leslie,  Dunkerton  House,  Tunley,  Bath 
7<>-j  Watson,  John,  Blackball,  New  Zealand        

763  Watson,    Thomas,    Trimdon     Colliery,    County    Durham 

764  Watts,   Frank    Reginald,   Blytheswood   North,    Osborne 

Road,  Newcastle-upon-Tyne  ...  

765  Waits,  James,  Morro  Velho,  Villa  Nova  de  Lima,  Minas,  A.M. 

Brazil,  South  America  ...         ...         ...         ...         ...       M. 


Nov. 
Feb. 
Aug. 
April 
June 
Aug. 
June 
Aug. 
Aug. 


24,  1894 

12,  1898 
1,  1903 
9,  1910 

20,  1908 
3,  1912 

14,  1913 
5,  1882 
3,  1889 


June  11,  1910 
Dec.  8,  1900 
Dec.  12,  1908 
Oct.  11,  1S90 

Oct.  12,  1907 
Feb.  11,  1911 
Aug.  1,  1914 
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Tiiti  Wbbsteb,  Alfred  Edward,  Manton,  Worksop     

767  Weddbrburn,  Charles  Maclaqan,  8,  Easl  Fettea  Avenue, 

Edinburgh 
Tiis  Weeks,  John  George,  Bedlington,  Northumberland  (Past- 

President,  M ember  of  Council) 

769  Weeks,    Richard    James,    Bedlington,    Northumberland 

770  Weeks,  Richard  Llewellyn,  Wilungton,  County  Durham  A 

|  .1/.  mbt  r  of  i  'ouneU) 
771*WbinbERG,   ERNEST  AdOLPH,  c'o  C.  W.  Moore,  5,  London  A 

Wall  Buildings,  Finsbury  Circus,  London,  E.C. 
77'-'  WELSH,    Thomas,    Maindee    House,     Upper    Pontnewydd, 

Monmouthshire 

773  Welsh,  Thomas,   Holly  Terrace,  Stanley,  County  Durham 

774  Welton,  William  Pitt,  9,  Elm  Road,  Wembley,  Middlesex 

775  West,  Norman      

77'i  White, Charles  Edward,  Wellington  Terrace, South  Shields 

A 

777  WHITE,  Henry,  Western  House,  Little  Benton,  Newcastle- 

upon-Tyne 

778  Whitehead,  Harold  Joshua,  Wigan  Coal  and  Iron  Com- 

pany, Limited,  Clock  Face  Colliery,  St.  Helens 
7711  WHITEHEAD,   Percy  Colin,  c/o  Mrs.    Wollen,  Glengariffe, 
Torquay 

780  Widdas,    Henry,    Whitehaven    Castle    Estate,    Somerset 

House,  Whitehaven    .. 

781  Widdas,  Percy,  Oakwood.  Cockfield,  County  Durham 

782  Wight,  Frederick  William,  5,  Bondicar  Terrace.  Blyth  .. 

783  Wight,   Robert  Tennant.   Deaf    Hill    Terrace.    Trimdon 

Colliery,  County  Durham     ... 

754  Wilbraham,     Arthur     George     Bootle,     2,     Laurence 

Pountney  Hill,  Cannon  Street,  London,  E.C. 

755  Wild,    Matthew   Brown,    37,    Arthur   Road,    Erdington, 

Birmingham    ... 
786  Wilkinson,  John  Thomas,  East  Hetton  Colliery,  Coxhoe, 

County  Durham 
7S7   Wilkinson,   Maurice  Hewson,  Tung  Hsing   Mine,   Men- 

Tou-Kou,   via  Peking.  North  China 
7S8*Wilkinson.     William      Fischer.     Hurstbourne     Priors, 

Whitchurch,  Hants. .. 
7S9  Willey,  Joseph  Leonard,  P.O.  Box  3,  Brakpan,  Transvaal 
790  Williams,    Foster,    Miniera   di    Libiola,    Sestri    Levante, 

Italy      

7!>1    Williams,  Griffith  John,  H.M.  Inspector  of  Mines,  Coed 

Menai,  Bangor 

792  Williams,    John,  Dolavon,  Llanrwst,  Denbighshire 

793  Williams,    Robert,    Friars    House,    New    Broad    Street, 

London,  E.C.  ..'. 

794  Willis,  Edward  Turnley,  3,  The  Drive,  Gosforth,  New- 

castle-upon-Tyne 
79")  Willis,   Henry  Stevenson,   Weardale  House,  St.   John's 
Chapel,  County  Durham 

796  Wilson,    Anthony,    Brenthwaite,  Keswick  ...         ...  A 

797  Wilson,  Frederick,  Hebburn  Colliery,  Hebburn,  County 

Durham 

798  Wilson,  James,  Wellington  House,  Edmondsley,  Durham 

799  Wilson,  John  Reginald  Straker,  3,  St.  Nicholas'  Build- 

ings, Newcastle-upon-Tyne 

800  Wilson,  Joseph  William,  US,  Abington  Avenue,  North- 

ampton ... 

801  Wilson,  Lloyd,  Flimby  Colliery,  Maryport 


Date  of  Election 
and  of  Transfer. 

June  12,  1897 

Oct.    14,  1905 

Feb.  l.  1865 
Oct.  8,  1910 
June  in.  1882 
Aug.  ::.  1889 
Feb.  12,  1898 
Oct.      8,  1898 


Feb.  14, 
Aug.  3, 
Dec.  9, 
Aug.  5, 
Nov.  4, 
Aug.  1, 
Aug.  3, 
March  2, 
Aug.  5, 


1903 
1912 
1905 
1911 
1876 

I  NS.-> 

1889 
1867 
1871 


Dec.  9.  1911 

Feb.  13,  1915 

April  7.  1906 
Aug.  6,  1904 
Aug.  5,  1905 

Oct.  13,  1900 
Dec.  11,  1897 
Feb.  8,  1902 

Oct.  12,  1907 

Dec.  8,  1900 
Dec.  12.  1903 
Oct.  10,  190S 

Oct.  10,  1896 
Aug.  1,  1908 
April  13,  1907 
June  20,  1908 

Aug.  2,  1902 
Oct.   8  1904 

June  13,  1S96 

June  10,  1911 
Feb.  13,  1892 
Aug.  4,  1900 
June  S, 1907 
Feb.  10,  1900 
Dec.  13,  1902 

Dec.  12,  1908 
April  13,  1901 

Dec.  13,  1913 

June  10,  1911 
Jan.  19,  1895 
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Date  of  Election 
and  of  Transfer. 


S02  Wilson,  Peregrine  Oliver,  c'o  F.  F.  Wilson,  5,  South 
Street,  Finsbury  Pavement,  London,  E.C. 

803  Wilson,  William  Brum  well,  19,  West  Parade,  New- 
castle-upon-Tyne 

804*WlLSON,  WILLIAM  Brumwell,  Jun.,  Greenhead  Terrace, 
Chopwell.  Ebchester,  Count)7  Durham 

S05  Wilson,  William  Smith,  54,  Queens  Road,  Jesmond,  New- 
castle-upon-Tyne 

806  Winchell,   Horace  Yaughan,  505,  Palace  Building,  Min- 

neapolis, Minnesota,  U.S.A. 

807  Wood,  Ernest  Seymour,  Cornwall  House,  Murton,  County 

Durham  (Member  of  Council) 

808  Wood,  John,  Coxhoe  Hall,  Coxhoe,  County  Durham 


809* Wood,  Sir  Lindsay,  Bart.,  The  Hermitage,  Chester-le-Street 
(Past-President,  Member  of  Council) 

810  Wood,  Richard,  Barley  Brook  Foundry,  Wigan     ... 

811  Wood.  Robert.  8,  Olympia  Gardens.  Morpeth 

812  Wood,    Thomas,    Rainton    House,    Fence    Houses... 

813  Wood,  Thomas  Odtterson,  Cramlington  House,  Cramling- 

ton,  Northumberland 

814  Wood,    William    Otjtterson,  South    Hetton,    Sunderland 

(Past-President,  Member  of  Council) 

515  Woodborne,  Thomas  Jackson,  Bultfontein  Mine,  De  Beers 

Consolidated  Mines,  Limited,  Kimberley,  South  Africa 

516  Wright,    Abraham,    East    Indian    Railway,    Engineering 

Department,  Giridih,  Bihar  and  Orissa,  India  ... 
817  Wrightson,  Sir  Thomas,  Bart.,  Stockton-upon-Tees 
S18  Wrightson,    Wilfrid   Ingram,    Ivy    Cottage,    Norton,    A. 

Stockton-upon-Tees    .. 

819  Wynne,  Frederick  Horton,    H.M.    Inspector   of   Mines, 

2,  Pimlico,  Durham.  . 

820  Youll,  Gibson,  Bulli,  New  South  Wales,  Australia 

821  Young,     Andrew,     Westview,     Broomhill,     Acklington, 

Northumberland 
S22  Young,     George     Ellis,    Benwell    Colliery,     Newcastle- 
upon-Tyne 

823  Young,  John  Andrew,  Joseph  Crawhall  and  Sons,  New- 

castle-upon-Tyne.   Transactions,  etc. ,  sent  to  3,  Fountain 
Avenue,  Gateshead-\ipon-Tyne 

824  Young,  John  Huntley.  Wearmouth  Colliery.   Sunderland 


Dec.  9 
S.  Feb.  6 
M.  Aug.  2 


Feb.   9 

Feb.  8 

Nov.  24 

Oct.  10 

S.  June  8 

A.  Aug.  4 

M.  Aug.  3 

Oct.  1 
June  14 
April  13 

S.  Sept.  3 
M.  Aug.  5 

Feb.  14 

Nov.  7 

Feb.  10 

Feb.  11 

Sept.  13 

M.  Dec.   9 

M.  Feb.   8 

Oct.  11 

Oct.  12 


1893 
1869 
1873 

1901 

1913 

1894 

1891 
1889 
1S94 
1S95 

1857 
1902 
1907 
1870 
1871 

1903 

1863 

1894 

1905 
1873 
1899 
1908 

1913 

1901 


ASSOCIATE  MEMBERS  (Assoc.  M.I.M.E.). 
Marked  *  have  ]>aid  life  composition. 

1  Ainsworth,  George.  The  Hall,  Consett,  County  Durham 

2  Armstrong,  John  Hobart,  31,  Mosley  Street,  Newcastle- 

upon-Tyne       ...         ...         ...         ...         ...         

3  Atkinson,      (Jeorge     Blaxland,     Edinburgh    Buildings, 

21,   Mosley  Street,  Newcastle-upon-Tyne 

4  Barrett,    Sir    William    Scott,    Pearson   and    Knowles, 

Limited,  11,  Old  Hall  Street,  Liverpool 
5*Bell,  Sir  Hugh,  Bart.,  Middlesbrough         

6  Benson,    Walter  John,  Collingwood  Buildings,   Colling- 

wood  Street,  Newcastle-upon-Tyne  ...  

7  Bishop,  Clarence  Adrian 

8  Bowes,    Alfred     Strath  more.     Valuation     Department, 

In hm. 1  Revenue,  32,  West  Street,  Gateshead-upon-Tyne 


s 

A 
M. 

Dec. 

Aug. 
Aug. 
Feb. 

11,  1909 
3,  1901 
5,  1905 

14,  1914 

A.M 
M 

.  Dec.  10,  1887 
Aug.  3,  1889 
June  21,  1894 

Date  of  Election 
and  of  Transfer. 

Dec. 

9,  1905 

Aug. 

1,  1885 

Nov. 

5,  1892 

Oct. 
Dec. 

14,  1899 
9,  1882 

Feb. 
Oct. 

8,  1913 
10,  1903 

Feb. 

8,  1913 
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'.i'Kkoadbent,  Denis  Riplev,  Royal  Societies  Club,  St.  James' 
Street,  London,  S.W.  Tranaactwns  sent  to  The  Library, 
Royal  Societies  Club,  St.  James'  Street,  London,  S.W. 

10  Brown,  John  Coggin,  Geological  Survey  of  India,  27,  I  !ho- 

wringhee,  Calcutta,  India     ... 

11  Britton,  P.  M..  17,  Sandhill,  Newcastle-upon-Tyne 

12  CaCEETT,    JAMES    Thobton,     Pilgrim   House.    Newcastle- 

upon-Tyne       

13*Carr,  William  Cochran,  Benwell  Colliery,  Newcastle- 
upon-Tyne  (Member  of  Council) 

14*Chewings,  Charles,  Eton  Street,  Malvern,  South 
Australia 

15  Chipper,  Cecil,  The  Terrace,  Ovingham,  Northumberland 

16  Cochrane,    William    James,    York    Chambers,    Fawcett 

Street,  Sunderland    ... 

17  Cook,    Arthur  Geoffrey  Harold,  2,  Westfield  Avenue, 

Gosforth,  Newcastle-upon-Tyne     ... 

18  Cooper,  R.  W.,  Newcastle-upon-Tyne 

19  COPE,  William  Henry,  The  University,  Birmingham 

20  <  "ordner,     Allan,     Neville    Hall,    Newcastle-upon-Tyne 

(Assistant  Secretary,  Member  of  Council)      

21  Cory,  Sir  Clifford  John,  Bart.,  c/o   Cory  Brothers  and 

Company,  Limited,  Cardiff  

22  Dillon,  Malcolm,  Dene  House,  Seaham  Harbour,  County 

Durham  ...         ...         

23  Edwards,  F.  Henry,  Bath  Lane.  Newcastle-upon-Tyne    ... 

24  Elcoate,  John,  16,  Marton  Road,  Middlesbrough 

25  Fairless,  Joseph,   Wensleyville,  Holywell  Avenue,  Monk- 

seaton,  Whitley  Bay,  Northumberland 

26  Fenwick,    Featherstone,    County    Chambers,    Westgate 

Road,  Newcastle-upon-Tyne 

27  Ferguson,  Colin  Armstrong,  P.O.  Box  21,  Randfontein, 

Transvaal 

28  Foster,    T.    J.,    Coal    Exchange,    Scranton,    Pennsylvania, 

U.S.A.      Transactions,  etc.,  sent  to  Rufus  J.  Foster, 
The  Colliery  Engineer,  Scranton,  Pennsylvania,  U.S.A. 

29  George,   Edward  James,   Beech  Grove,  Consett,  County 

Durham 

30  Gibson,  George  Ralph,  Tyne  Saw  Mills,  Hexham 

31  Gibson.    Thomas    William,    Bureau    of    Mines,    Toronto, 

Ontario.  Canada 

32  Giddy,   Thomas  Grantham  James,    Kenilworth,   Samdon 

Street,  Hamilton,  New  South  Wales,  Australia 
33*Graham,  John,  Findon  Cottage,  near  Durham 

34  Graham,     James    Parmley,     Sun     Insurance    Buildings, 

Collingwood  Street,  Newcastle-upon-Tyne 

35  Gray,    William   Edwin,    17-19,    Archer   Street,    Camden 

Town,  London,  N.W 

36  Greenwell,  Hubert,  30  and  31,  Furnival  Street,  Holborn, 

London,  E.C.  ...         ...         

37  Guhn,  Scott,  27,  Quayside,  Newcastle-upon-Tyne 

38  Guthrie,    Reginald,   Neville    Hall,    Newcastle-upon-Tyne 

(Treasurer,  Member  of  Council)    ...         ...         

39  Hagoie,    Arthur    Jamieson,    The    Manor    House,    Long 

Benton,  Newcastle-upon-Tyne 

40  Hagcie,  Peter  Norman  Broughton,  c/o  Haggie  Brothers, 

Limited,  Oateshead-upon-Tyne      

41  Hf.ckels,  Matthew  OctavtuSj  Pearl  Buildings,  Northum- 

berland Street,  Newcastle-upon-Tyne 


Date  of  Election 
and  of  Transfer. 


Oct.  14,  1899 


Dec.  11 
Oct.  13 


Oct. 

10, 

1903 

Oct. 

11, 

1890 

April 
April 

25, 

4, 

1896 
1914 

April 

3, 

1909 

Oct. 

Sept. 

Dec. 

9, 

4, 
9, 

1909 
1880 
1905 

June 

19, 

1915 

Dec. 

11. 

1897 

Dec.  14 

June  11 
April  13 


June  10 
June  8 
July  14 

Dec.  12 

Dec.  9 
June  20 

June  8 

April  8 
Oct.   9 

Dec.  8 

Oct.  11 

Feb.  14 
Aug.  6 

Aug.  4 

Feb.  8 
Oct.  10 
Dec.  12 


1909 
1900 


1912 

1887 
1912 


1899 
1907 
1896 

1891 

1905 
1908 

1901 

1911 
1S97 

1906 

1913 

1914 
1910 

1888 

1908 
1908 
1914 
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Date  of  Election 
and  of  Transfer 

42  HEELEY,  GEORGE,  East  Avenue,  Benton.  Newcastle-upon- 
Tyne      Dec.   14,  1895 

4.'!  Benzell,  Robert,  Northern  Oil  Works,  Newcastle-upon- 
Tyne      April  11,  1891 

44  Hesketh,  Richard,  Neville  Hall,  Newcastle-upon-Tyne  ...  Feb.   13,  1909 

45  Hopper,      (Jeorge      William     Nugent,      The      Ropery, 

Thornaby-upon-Tees,  Stockton-upon-Tees  Oct.    10,  1908 

40  Jeffrey,  Joseph  Andrew,  c  o  The  Jeffrey  Manufacturing 

Company,  Columbus,  Ohio,  U.S.A.  ...      ■ Dec.    11,  1S97 

47  Jeffries,  Joshua,  Abermaiu  Colliery,  New  South  Wales, 

Australia Dec.    10,1898 

48*JoiCEY.  James  John,  The  Hill,  Witley,  Godalming  ...  Oct.    10,  H91 

49  Jopling,    Ford    Stafford,    Jun.,    8,    Thornhill    Terrace, 

Sunderland       Feb.  12,  1910 

50  Kirkley,  James,  Cleadon  Park,  Cleadon,  Sunderland        ...  June     8,1907 

51  Krohn,  Herman  Alexander,  103,  Caunon  Street,  London, 

E.C Oct,    14,  1893 

52  Lamb,  Edmund   George,  Borden    Wood,  Liphook,  Hants.  Feb.    12,  1898 

53  Latimer,   William,  3,  St.  Nicholas'  Buildings,  Newcastle- 

upon-Tyne       Oct.    14,  1905 

54  Lawson,    Henry   Alfred,    c  o    Robert   Frazer   and    Sons, 

Limited,  Milburn  House,  Newcastle-upon-Tyne  ...  April   8,  1911 

55  Leake,   Percy  Collinson,  c/o  Deanbank  Chemical  Com- 

pany, Ferry  Hill  Aug.    3,1907 

56  Loewenstein,  Hans  von  Loewenstein  zu,  Friedrichstrasse, 

2,  Essen-Ruhr,  Germany.  Transactions  sent  to  Biblio- 
thek  des  Vereins  fur  die  bergbaulichen  Interessen  im 
Oberbergamtsbezirk  Dortmund,  Essen-Ruhr,  Germany  April  13,  1907 

57  Lumsden,    Henry   Cook,    48,   Rothwell   Road,    Gosforth, 

Newcastle-upon-Tyne  Oct.    10,  1914 

58  Major,  Herbert,  3,  West  Mound,  Chester  Road,  Sunder- 

land         June     1,  1912 

59  Marshall,  Patrick,  University  School  of  Mines,  Dunedin, 

Otago,  New  Zealand  June  12,  1897 

60  Moreing,  Algernon  Henry,  62,  London  Wall,  London,  E.C.  Oct.     14.1911 

61  Morris,  Percy  Copeland,  79,  Elm  Park  Gardens,  Chelsea, 

London,  S.W.  Feb.    14,1903 

62  Oliver,  James  Stuart Feb.    10,1912 


63  Palmer,  Sir  Alfred  Molyneux.  Bart.,  Walworth  Castle, 

Darlington       Nov.  24,  1894 

64  Patterson,  Robert  Oliver,  Thorneyholme,  Wylam,  North- 

umberland       ...         Feb.  12,   1910 

65*Pickup,  Peter  Wright  Dixon,  Rishton  Colliery,  Rishton, 

Blackburn        Feb.    12,  1898 

66  Postlethwaite,  John,  7,  St.  John's  Terrace,  Keswick      ...  Feb.    11,  1905 

67  Prior-  Wandesforde,  Richard  Henry,  Castlecomer  House, 

Castlecomer,  County  Kilkenny                  ...         ...         ...  Dec.     9,  1905 

68  Proctor,   John    Henry,  29,  Side.  Newcastle-upon-Tyne...  June    8,  1889 

69  Raine,   Winfred,  Inglewild,  Durham           Dec.  13,  1913 

70  Ri;id,  Sidney.    Printing   Court  Buildings,  Newcastle-upon- 

Tyne      Dec.    13,  1902 

71  Rogers,  Isaac  Bowman,  16,  Park  Avenue,  Mansfield         ...  April  13,  1912 

72  Rogerson,  John  Edwin,  Oswald  House,  Durham June   8,  1895 

73  Russell,  James,  Westgate  Road,  Newcastle-upon-Tyne    ...  Feb.   13.  1904 
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74  Sadler,  Basil,  Craigmore,  Lanchester,  Durham 

75  Samuel,  David,  Arcade  Chambers,  Llanelly 

76  Sandkks,  (iiaki.es  William  Hknry,  Thornville,  Darlington 

77  Schumacher,   Raymond   William,   c  o   H.    Eckstein   and 

Company,  P.O.  Box  149,  Johannesburg,  Transvaal 

78  Smith,   Arthur   Herbert,  Broad  Street  House,    London, 

E.C 

79  Smith,   Richard  Tildes,  4-6,  Copthall  Avenue,   London, 

E.C 

80  Steuart,  Douglas  Stuart-Se'ENS,  Royal  Societies  Club,  St. 

James'  Street,  London,  S.W. 

81  Strzelecki,  Algernon  Percy  Augustus  de,  39,  Victoria 

Street,  Westminster,  London,  S.W. 

82  Todd,   Tames.  Overdale,  Jesmond,  Newcastle-upon-Tyne    ... 

83  Waley,  Frederick  George,  The  Bellambi  Coal  Company, 

Limited,  9,  Bridge  Street,  Sydney,  New  South  Wales, 
Australia 

84  Watson,  John  Robert,   B  Floor,  Milburn   House,    New- 

castle-upon-Tyne 

85  Watts,  John,   Blytheswood   North,   Osborne  Road,    New- 

castle-upon-Tyne 

86  Welford,  Thomas,  Wallarah  Colliery,  Catherine  Hill  Bay, 

New  South  Wales,  Australia 

87  Whitehead,  Thomas,  Brindle  Lodge,  Preston         

8S*Williams,  Hknry,  Llwyngwern,  Pontardulais,  Glamorgan 
S9  Wilson,  Hugh  Russell,  50,  Langholm  Crescent,  Darlington 
90*  Wood,  Arthur  Nicholas  Lindsay,  The  Hermitage,  Chester- 

le-Street 
91  Wood,  Hugh  Nicholas,  Sun  Buildings,  Collingwood  Street, 
Newcastle-upon-Tyne 


ASSOCIATES  (Assoc.  I.M.E.). 
Marked  *  have  paid  life  composition. 

1  Adam,    Thomas  Walter,  Christ  Church  Vicarage,  White- 

haven   ... 

2  Alois,  Gerald,  Seghill  Colliery,  Seghill,  Dudley,  Northum- 

berland 

3  Alexandkr,  Arthur  Cecil,  Office  Row,  Harraton,  Chester- 

le-Street  

4  Allan,  Herbert  Durham,  Rewah  State  Collieries,  Umaria, 

Bengal  Nagpur  Railway,  Central  India   ... 

5  Archer,  Matthew  William,  Grosvenor  House,  Manchester 

Road,  Stocksbridge,  Sheffield 

6  Armstrong,   Henry,   29,    William   Street,    New   Seaham, 

Seaham  Harbour,  County  Durham 

7  Askew,  Alfred  Hill,  Boulby  Grange,  Easington,  York- 

shire 

8  Barber,  Norman  Elsdale       

9  Barkes,  Percy,  Elemore  Colliery,  Hetton-le-Hole,  County 

Durham 

10  Bates,  Johnson,  5,  Grange  Villa,  County  Durham 

1 1  Bates,    Thomas,  West  Wylam   Terrace,    Prudhoe,   Oving- 

ham,  Northumberland 

12  Battey,  Thomas,  Station  Road,  Shiremoor,  Newcastle  upon  - 

Tyne      

13  Bell,  George    William,    Throckley   Colliery,    Xewburn, 

Northumberland         ...         ...         ...         


Date  of  Election 
and  of  Transfer. 

Feb.  11,  1905 

Dec.  13,  1902 

Dec.  14,  1901 

April  9,  1904 

June  14,  1902 

Oct.  14,  1911 

June  10,  1899 

Dec.  12,  1908 

Aug.  6,  1892 

Feb.  9,  1907 

April  9,  1910 

April  8,  1911 

June  10,  1903 
June  12,  1897 
Dec.  9,  1905 
Dec.  12,  1908 

July  14,  1896 

Oct.  12,  1912 


Date  of  Election 
and  of  Transfer. 

S.  April  3,  1909 
A.  Dec.    10,  1910 

S.  Feb.  14,  1914 
A.  Aug.  7.  1915 

S.  June  10,  1911 
A.  Aug.  3,  1912 

Feb.  10,  1906 
S.  June  8,  1895 
A.  Aug.  4,  1900 

Dec.  12,  1903 

Feb.  9,  1907 

S.  June  20,  1908 
A.  Aug.  2,  1913 

June  12,  1909 
Feb.  11,  1905 

April  13,  1907 

Oct.  13,  1894 

Oct.  14,  1911 

P 
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14  Bell,   Harold    Marmaduke   Charles,    High    Hedgefield 

House,  Blaydon-upon-Tyne,  County  Durham    ... 

15  Bell,  Marshall  Blackett,  1,  Cross  Row,  Felling,  Gates- 

head-upon-Tyne 

16  Benson,   Herbert  Sydney,  Seaton  Burn  Colliery,  Seaton 

Burn,  Dudley,  Northumberland 

17  Berryman,  Thomas,  64,  Dolcoath  Road,  Camborne 

18  Bewley,  Thomas,  Stobswood  Colliery,  Acklington,  North- 

umberland 

19  Blunden,    Philip    Sidney,    Glencrag,    Mainsforth    Road, 

Ferry  Hill        

20  Blythman,  John,  East  View,  High  Heworth,  Gateshead- 

upon-Tyne 

21  Booth,  James   Frederick,  S,  Uxbridge  Terrace,  Felling, 

Gateshead-upon-Tyne 

22  Brandon,  Geoffry 

23  Brooks,  Douglas  Roy,  The  Lower  Garth,  Westgate,  Guis- 

borough,  Yorkshire  ... 

24  Brown,    Thomas,      H.M.     Sub-Inspector    of    Mines,    186, 

Dilston  Road,  Newcastle-upon-Tyne 

25  Brown,  William,  H.M.  Sub-Inspector  of  Mines,  82,  Sidney 

Grove,  Newcastle-upon-Tyne 

26  Burt,    Thomas,    Hill    House,     Washington,    Washington 

Station,  County  Durham 


Date  of  Election 
and  of  Transfer. 


April  12,  1913 

Dec.  14,  1912 
S.  Feb.  11,  1905 
A.  Aug.    5,  1905 

Feb.     8,  1913 

Aug.     5,  1905 

June    8,  1907 

Dec.    12,  1914 

Dec.  11,  1909 

S.  Dec.  8,  1900 

A.  Aug.  3,  1907 

S.  Dec.  14,  1907 

A.  Aug.  3,  1912 

Feb.  13,  1915 
June  14,  1913 
April  4,   1909 


27  Calland,    William,   Hedley    Hope   Colliery,    Tow    Law, 

County  Durham         ...  Aug.     2,1913 

28  Carroll,  John,  Spring  Bank  House,  Newfield,  Willington, 

County  Durham           Feb.    12,1898 

29  Charlton,    John    Fleming,    16,   Twelfth   Street   South, 

Easington  Colliery,  County  Durham        ...         ...         ...  June  13,  1914 

30  Cheesman,  Edward   Taylor,   Jun.,   Clara   Vale  Colliery, 

Ryton,  County  Durham        '...  Dec.   10,  1910 

31  Cheesman,   Matthew  Forster,  Throckley  Colliery,  New-  S.  Dec.    13,  1902 

burn,  Northumberland          ...          ...         ...         ...         ...  A.  Aug.    5,  1905 

32  Chicken,  Ernest,  Woodlea,  Murton,  County  Durham     ...  Oct.      8,  1910 

33  Clark,    Nathaniel    J.,    Associated    Northern   Collieries,    '   S.  April  13,  1901 

Newcastle,  New  South  Wales,  Australia            A.  Aug.     1,  1903 

34  Clark,    Thomas,    Dipton    Colliery,    Lintz    Green    Station, 

County  Durham          Oct.    11,1890 

35  Clephan,     Guy,     1,    Otterburu    Villas    North,    Jesmond, 

Newcastle-upon-Tyne            ....        ...          ...          ...          ...  Dec.    10,  1910 

36  Coade,  Samuel,  Steel  Green,  Millom,  Cumberland Dec.    10,  1904 

37  Cockbain,  Tom  Stewartson,  Usworth  Colliery,  Washington 

Station,  County  Durham      ...         ...         ...  Dec.     S,  1906 

38  Cockburn,  John,  Trimdon  Grange  Colliery,  County  Durham  April   9,  1904 

39  Coulson,  William  Hall,  Shamrock  House,  Durham        ...  Dec.    14,  1912 

40  Coxon,  Samuel  Bailey,  3,  Percy  Terrace,  Gosforth,  New-  S.  Oct.    12,  1907 

castle-upon-Tyne       ...         ...         ...         ...         ...         ...  A.  Aug.     7,  1915 

41  Coxon,  Samuel  George,  Hamsteels  Colliery,  Durham       ...  Feb.     9,  1901 

42  Croudace,    Mortimer,    c/o    Mrs.    R.     Craggs,    Tunstall 

Village,  Sunderland Dec.    13,1913 

43  Crowle,    Percy,    Mysore     Mine,    Marikuppam,    Mysore, 

India Feb.    11,  1905 

44  Cruz  y  Diaz,  Federico  de  la,  Minas  de  Ribas,  Provincia 

de  Gerona,  Spain          .         ...         ...         ...         ...         ...  Oct.    11,  1913 

45  Cusson,  Charles  Frederick,    Greenfield    House,    Station 

Road,  Washington  Station,  County  Durham     ...          ...  Oct.    10,  1914 


46  Daglish,  Frank 

47  Dakers,   Edgar  Walton,    Tudhoe   Colliery,    Spennymoor 


Dec.  14,  1907 
S.  Dec.  14,  1907 
A.  Aug.  7,  1915 
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4S  Dales,  John  Henry,  2,  Derwent  View,  Burnoptield,  County 
Durham 

49  Daniell,  Henry  Edmund  Blackbitrne,  7,  Wallace  Terrace, 

Ryton,  County  Durham 

50  Danskin,    THOMAS,    Springwell    Colliery,   Gateshead-upon- 

Tyne      

51  Davies,     Daniel     John,     Westport-Stockton     Collieries, 

Ngakawau,  West  Coast,  New  Zealand    ... 

52  Davis,    James    E.,    South    Medomsley    Colliery,     Dipton, 

County  Durham 

53  Davison,  FRANCIS,  Ash  Grove  House,  Hedley  Hill  Colliery, 

near  Waterhouses,  Durham 

54  Dick-Cleland,  Archibald  Fblce,  Apartado  270,  Guadal- 

ajara, Jalisco,  Mexico 

55  Dixon,  George,  Moorgreen,  Newthorpe,  Nottingham 

56  Douglas,  Albert  Edward,  4,  Augusta  Terrace,  Whitburn, 

Sunderland       

57  Dunnett,  Samuel,   West   View   House,   Coomassie   Koad, 

Waterloo,  Blyth         

58  Uwa.se,  Francis  Cecil,  Singareni  Collieries,  Deccan,  India 

59  Eadie,     John     Allan,     Jun.,     Eller     Bank,    Harrington, 

Cumberland     ... 

60  Earnshaw,  Oscar,  Westwood  House,  Hamsterley  Colliery, 

County  Durham 

61  Elder,  Moses,  19,  Duke  Street,  Workington  

62  Elliot,  Arthur,  Springfield,  Ciessington  Park,  Liverpool 

63  Elliott,   George,    Oakwood,   Catchgate,    Anntield    Plain, 

County  Durham 

64  English,    Henry    Edward,    15,    Success   Terrace,   Fence 

Houses... 

65  English,    Thomas    Weddle,    Mount    Vernon,    Oakwood, 

Hexham 


Date  of  Election 
and  of  Transfer. 


April  4,  1914 
8.  Aug.  3,  1907 
A.  Aug.  6,  1910 

Dec.  10,  1898 

Oct.  12,  1907 

Feb.  12,  1898 

Feb.  12,  1898 


Dec. 
S.  Feb. 
A.  Aug. 
S.  Aug. 
A.  Aug. 


8,  1906 

9,  1901 
3,  1907 
1,  1903 
3,  1912 


June  8,  1895 

Aug.  2,  1913 

S.  Oct.  10,  1903 

A.  Aug.  5,  1905 

S.  Feb.  8,  1908 

A.  Aug.  1,  1914 

June  10,  1911 

S.  Dec.  13,  1902 

A.  Aug.  1,  1908 

June  8,  1907 

S.  Aug.  7,  1909 

A.  Feb.  11,  1911 

Feb.  11,  1905 


66  Flint.  Frederic  John,  71,  Stanley  Street,  Blyth 

67  Foggo,  John  Frederick  

68  Ford,  Eric  Locfwin,  Park  Villa,  Witton  Gilbert,  Durham 

69  Ford,    Leo    Dorey,    E.I.R.    and    B.N.R    Joint   Colliery, 

Bokaro,  Gumujan  P.O.,  Hazaribagh  District,  Bihar  and 
Orissa,  India  ... 

70  Ford,  Thomas,  Blaydon  Burn  Colliery,  Blaydon-upon-Tyne, 

County  Durham 

71  Forster,  Edward  Baty,  Ingleside,  Ryton,  County  Durham 

72  Fowler,  Albert  Ernest  

73  Fowler,  Robert  Norman,  Whorlton  Terrace,  North  Wal- 

bottle,  Newburn,  Northumberland 

74  Gallagher,  Patrick,  3,  Station  Road,  Easington  Colliery, 

County  Durham 

75  Gallon,    Joseph,    71,    Seventh    Row,    Ashington,-   North- 

umberland 

76  Gilchrist,     George    Atkinson,     South    Pelaw    Colliery, 

Chester-le-Street 

77  GooDIN,    William,    H.M.    Sub-Inspector    of    Mines,     11, 

Emerald  Street,  Saltburn -by-the-Sea 

78  Gore-Langton,   Robert    Lancelot,    Cowichan    Bay    Post 

Office,  Vancouver  Island,  British  Columbia 

79  Grace,  William  Grace,  Eston  Mines,  Eston,  Yorkshire  ... 


Aug.  7,  1909 
S.  June  14,  1902 

A.  Aug.  6,  1904 
S.  April  11,  1908 

A.  Feb.     8,  1913 


Feb.  8,  1913 

Aug.  2,  1902 
April  7,  1906 

S.  Oct.  12,  1907 

A.  Aug.  3,  1912 

S.  Aug.  2,  1902 

A.  Aug.  3,  1907 


Dec.  13,  1902 
S.  Oct.  9,  1909 
A.  Aug.  1,  1914 
S.  Dec.  14,  1901 
A.  Aug.  1,  1908 

Dec.  13,  1913 

Feb.  10,  1906 
S.  Feb.  9,  1907 
A.  Aug.  1,  1914 
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Date  of  Election 
and  of  Transfer. 
SO  Graham,    Robert,     1,    Park    Street,    Willington,    County 

Durham             Oct.    12,  1907 

81  Graham,   William,  Jan.,  6,  Victoria  Road,    Whitehaven  S.  Oct.    13,  1906 

A.  Aug.    3,  1912 

82  Guthrie,    Kenneth    Malcolm,    South    View,    Gainford,  S.  Aug.    5,  1911 

Darlington       A.  Dec.    13,  1913 

83  Hare,  Alfred  Bessell,  Howlish  Hall,  Bishop  Auckland  ...  Dec.    14,  1912 

84  Hawes,    George   Arthur,    2,  Sandringham  Terrace,  Lee- 

holme,  Bishop  Auckland                  Dec.    12,  1903 

85  Hawkins,     John     Bridges     Bailey,     Staganhoe     Park,  S.  Dec.   13,  1902 

Welwyn            A.  Aug.    6,  1910 

86  Hedley.  George  William,  Kimblesworth  House,  Chester - 

le-Street           Dec.    13,  1902 

S7   Hedley,  Rowland  Frank  Hutton,  West  Villa,  The  Green,  S.  April   4,  1903 

Wallsend,  Northumberland            ...         ...  A.  Aug.     7,  1909 

88  Henderson,  Christopher  Gregory,   17,  First  Row,  Ash- 

ington,  Northumberland      June     1,  1912 

89  Hepburn,  Henry,  Greenhead  Terrace,  Chopwell,  Ebchester,  S.Oct.    12,  1907 

County  Durham          ..  A.  Aug.    3,  1912 

90  Herdman  Fred.  G.,  Main  Street,  Haltwhistle,  North  umber-  S.  Dec!   14,  1907 

land        A.  Aug.    6,  1910 

91  Herriotts,  Joseph  George,  9,  Twelfth  Street,  Easington 

Colliery,  County  Durham April28,  1900 

92  Heslop,  George,  The  Vereeniging  Estates,  Limited,  Cor- 

nelia  Colliery,    Viljoen's    Drift,    Orange   Free    State, 

South  Africa Oct.      9,1909 

93  Heslop,    James,   Stobswood    Colliery,   Acklington,   North- 

umberland                Dec.    12,  190S 

94  Heslop,     William,     9,      Stephenson      Terrace,      Wylam, 

Northumberland        Oct.      8,  189S 

95  Hindmarsh,   George   Mason,   Railway   Street,    Corrhnal, 

New  South  Wales,  Australia          ...           Aug.     1,  1914 

96  Holliday,  Albert  Edward    David,  Dunelm,  Ashington, 

Northumberland        April  12,  1913 

97  Hudson,  Mark,  115,  Gurney  Valley,  Bishop  Auckland      ...  Dec.     9,  1905 

98  Humble,   William   Henry,  Waldridge  Colliery,  Chester- 

le-Street        Dec.    14,  1907 

99  Hunter.  Andrew,  3,   Westcott  Avenue,  South  Shields  ...  Feb.   13,  1897 

100  Hunter,  Herbert  Stanley,  Ellington  Colliery,  Ashington,  S.  Feb.     9,  1907 

Northumberland         ..  A.  Aug.    3,  1912 

101  Hutton,  Allan  Robinson  Bowes,  8,  Avenue  Road,  Don-  S.  April   8,  1905 

caster ...  A    Aug.    3,  1912 

102  Hyde,  George  Alfred,  96,  New  Row,  New  Delaval,  New-  S.  Feb.    13,  1909 

sham,  Northumberland                    ...         ...         ..           ...  A.  Aug.    5,  1911 

103  Hynd,    Thomas,    Metcalfe    Street,   Wallsend,    New   South 

Wales,  Australia       April  12,  1913 

104  Jacobs,  George,  6,  St.  George's  Square,  Sunderland         ...  S.  Dec.    11,  1909 

A.  Aug.     1,  1914 

105  Jeffery,    Albert    John,    Hedworth    House,     Barn   Hill, 

Stanley,  County  Durham April  28,  1900 

106  Jobling,  John  Swanstone,  20,  Ivy  Terrace,  Langley  Park, 

Durham            *      Oct.    12,  1907 

107  Jones,    Walter,    East    Moor    House,    Trimdon    Colliery,  S.  Feb.     9,  1901 

County  Durham        A.  Aug.     1,  1908 

108  Kent,     Thomas     George,     Sneyd      Collieries,      Burslem, 

Staffordshire Dec.  13,  1913 

109  Kirki.ev,  Aidan,  Cleadon  Park,  Cleadon,  Sunderland       ...  June   11,  1910 
HOKirkip,    Ernest    Hodgson,    Eighton    Lodge,    Low    Fell,  S.  April  13,  1907 

Gateshead-upon-Tyne           ...         ...         ...  A.  Aug.     3,  1912 


LIST    OF    MEMBERS. 
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111  LiAWSON,  John,  Fair  View,  Burnoprield,  County  Durham  ... 

112  LiBBBBTTHB,    William,    Edith    Avenue,    Usworth    Colli,  rv, 

Washington  Station,  County  Durham     .. 

113  Lkviuhknk,  Elliot  Angus,    Birchholme,  Gateshead-upon- 

Tyne     

114  Lightley,  John.  Byers  Green,  Spennymoor    . 

115  Lister,  John  Alfred,  Glencoe  House,  Hinderwell,  York- 

shire 

116  Logan,  Reginald  Samuel  Moncrieff,   33,  Boyd  Terrace, 

Blucher  Pit,  Newburn,  Northumberland 

117  LoNGEIDGB,  John,    The  Bungalow,  Ginteen,  Castlecomer, 

County  Kilkenny 

118  Lowry,  Joseph  Thompson,  Oak  Lea,  Cramlington,  North- 

umberland 

119  MacGregor,  Donald,  Bentley  Colliery,  Doncaster 

120  MoKensey,    Stanley,    Hebburn    Colliery,    Weston,    New 

South  Wales,  Australia        .  .  ...  ...  ... 

L2I    McKie,  Thomas,  Ashington  Colliery,  Morpeth 

122  McLaren,  Ronald  Henry,  Offerton  Hall,  Sunderland 

123  Magee,    Charlie    Sharpe,     Manor    House,     St.     Helens 

Auckland,  Bishop  Auckland 

124  Magee,    Stanley    Sharpe,    Dunston    Colliery,    Dunston, 

Gateshead-upon-Tyne 

125  Mandl,    Otto,    Anglo-American    Club,  Freiberg,   Saxony, 

Germany 

126  MlLBUBN,  Edwin  Walter,  Woodhorn  Colliery,  Ashington, 

Northumberland 

127  Milburn,    William,  Hill  House,  Ouston.  Birtley,  County 

Durham 

128  Millne,    David,    41,    Sidney    Row,    Bedlington,    North- 

umberland 

129  Mirza,  Khurshid,  Mining  Engineer,  Hyderabad,  Deccan, 

India 
130*Mitchell-Withers,  William  Charles        

131  Muse,   Thomas  John,  c/o  Morton,   30,  St.   Mary's  Place, 

Newcastle-upon-Tyne 

132  Musgrove,    William,    Heddon    Colliery,    Wylam,   North- 

umberland 
13:)  Mycock,   William,  Front  Street,  Shotton  Colliery,  Castle 
Eden.  County  Durham 

134  Nichols,  Henry  Herbert.  Kibblesworth,  Gateshead-upon- 

Tyne     

135  Nicholson,   George  Thompson,   Dene  House,  Scotswood, 

Northumberland 

136  Oswald,  George  Robert,  Sritarmarat,  Nakon,  Siam.      All 

communications  sent  to  c/o  E.   M.   Norman,    Standing 
Stone  Rigg,  Kirklinton,  Carlis'e    ... 

137  Owen,  Arthur  Lewis  Scott   ...         ...         

138  Owens,  George,  Westerton  Village,  Bishop  Auckland 

139  Paddon,  Neville  Blackmore,  c  o  B.  L.  Brodhurst,  South 

Brancepeth,  Spennymoor      .. 

140  Parker,    Joseph    William,    Cornelia  Colliery,    Viljoen's 

Drift,  Orange  Free  State,  South  Africa 

141  Pattinson,  Charles  Werner,  Medomsley,  County  Durham 


Date  of  Election 
and  of  Transfer. 

Oct.  10,  1908 

Dec.  9,  1911 
S.  April  12,  1913 
A.  Aug.  7,  1915 
April  25,  1896 
S.  Dec.  8,  1906 
A.  Aug.  6,  1910 
S.  Feb.  9,  1901 
A.  Aug.  1,  1903 

Feb.  11.  1905 


April 

3, 

1909 

s. 

Feb. 

9, 

1901 

A. 

Aug. 

1, 

1908 

s. 

Oct. 

14, 

1911 

A. 

Aug. 

/ , 

1915 

Oct. 

9, 

1909 

S. 

Feb. 

10, 

1912 

A. 

Aug. 

7> 

1915 

8. 

Aug. 

7, 

1909 

A. 

Aug. 

•j 

1913 

April  13, 

1912 

S. 

Feb. 

10. 

1912 

A. 

Aug. 

1, 

1914 

S. 

Feb. 

10, 

1900 

A. 

Aug. 

5, 

1905 

June 

8, 

1S95 

Aug. 

3, 

1907 

S. 

June 

13, 

1914 

A. 

Aug. 

7, 

1915 

S. 

April 

28, 

1900 

A. 

Aug. 

2 

1902 

S. 

Dec. 

8', 

1906 

A. 

Aug. 

5, 

1911 

S. 

June 

8, 

1895 

A. 

Aug. 

1, 

1903 

Oct.  10,  1908 


Aug.  3,  1907 

S.  Dec.  10,  1904 

A.  Aug.  5,  1911 


S.  ■ I une  9,  1900 
A.  Aug.  3,  1907 
S.  June  12,  1909 
A.  Aug.  6,  1910 
Oct.   9,  1909 


Dec.  14,  1907 

June  11,  1910 
June  12,  1909 
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142  Pattison,  Charles  Arthur,  Evenwood,  Bishop  Auckland 

143  Pattison,      William,     Clydesdale     Colliery,     Wolvehoek, 

Orange  Free  State,  South  Africa  ... 

144  Pearson,  John  Charlton,  Butt  Bank  House,  Fourstones, 

Northumberland 

145  Peel,    George.  Jun.,  27,  Langley   Street,    Langley   Park, 

Durham 

146  Penney,    Isaac,    Deaf    Hill    Colliery,     Trimdon    Grange, 

County  Durham 

147  Portrey,     James,     West    Thornley,    Tow    Law,    County 

Durham 

148  Pratt,  George  Ross,  Springwell  Colliery,  Gateshead-upon- 

Tyne 

149  Pumphrey,  Charles  Ernest 


150  Ramsay.     John    Gladstone.    Oaklea,    Bo\vburn,   Coxhoe, 

County  Durham 

151  Rayner,  Sydney,  The  Marshes,  Atherton  Road,  Hindley 

Green,  Wigan... 

152  Reed,  John  Thomas,  2,  Ivy  Terrace,  South  Moor,  Stanley, 

County  Durham 

153  Richardson,    Frank,     Ravensworth,    Ashton-under-Lyne 

154  Richardson,   Henry,  Clara  Vale  Colliery,  Ryton,  County 

Durham 

155  Ridley,  George  Dinning,  Linton  Colliery,  Morpeth 

156  Ridley,    Henry    Anderson,    Burnbrae,"  Blaydon     Burn, 

Blaydon-upon-Tyne,  County  Durham 

157  Ridley,  William,   10,  Railway  Street,  Tow  Law,  County 

Durham 

158  Ridley,  William,  Jun.,  Lime  Cottages,  Waldridge  Colliery, 

Chester-le-Street 

159  Rivers,  John.  The  Villas,   I  hornley,  County  Durham 

160  Robinson,  Thomas  Lee,  Office  House,  Newton  Cap  Colliery, 

near  Bishop  Auckland 

161  Rochester,   William,   1,  Office  Row,  Netherton  Colliery, 

Nedderton,  Newcastle-upon-Tyne  ... 

162  Rodway,  William,  South  Row,  Bedlington,  Northumber- 

land 

163  Rogers,  Joseph  Nelson  Octavius       

164  Roose,    Hubert  Francis  Gardner,  c  o  Martin  Brothers, 

Casilla  181,  Valparaiso,  Chile,  South  America  ... 

165  Rutherford,  Hooper,  y  Llanerch,  Rhymney,  Cardiff 

166  Rutherford,    Robert   Archibald,    Wellington    Terrace, 

Edmondsley,  Durham 

167  Rutherford,  Thomas  Easton,  New  Brancepeth  Colliery, 

Durham 

168  Scobie,  Isaac,  Woonona,  near  Sydney,  New  South  Wales, 

Australia 

169  Scott,     John     Linton,      East     View,     Seaton     Delaval, 

Newcastle-upon-Tyne 

170  Scott,    Thomas    Amour,    Sea   View,    Newburgh    Colliery, 

Acklington,  Northumberland 

171  Seed,  Alexander,  1,  College  Terrace,    Brandon  Colliery, 

County  Durham 

172  Severs,  -Jonathan,  2,  Villas,  Dean  Bank,  Ferry  Hill 

173  Simpson,   Joseph,  Wheatley  Hill  Colliery  Office,  Thornley, 

County   Durham        ...         


Date  of  Election 
and  of  Transfer. 

S.  April  13,  1901 

A.  Aug.  5,  1905 

Dec.  13,  1902 

Feb.  14,  1903 

April  4,  1903 

Dec.  9,  1911 

Oct.  12,  1912 

June  S,  1895 
S.  Dec.  10,  1904 
A.  Aug.  4,  1906 


Dec.  10.  1892 
S.  Feb.  13,  1909 
A.  Aug.  5,  1911 

April  4,  1914 
S.  Oct.  12,  1901 
A.  Aug.  1,  1908 

Dec.  8,  1906 
Feb.  8,  1890 

Dec.  14,  1907 
S.  Aug.  1,  1908 
A.  Aug.  7,  1915 

Dec.  8,  1906 
Feb.   9,  1895 

April  12,  1913 

Dec.  9,  1905 

June  14,  1913 
April  4,  1914 
S.  Dec.  9,  1899 
A.  Aug.  3.  1907 
S.  Dec.  U,  190.1 
A.  Aug.  2,  1913 

Dec.  14,  1907 
S.  June  10,  1899 
A.  Aug.  4,  1906 


Oct.  13,  1906 
S.  Dec.  12,  1908 
A.  Aug.  3,  1912 

Oct.  9,  1909 

April  4,  1903 
S.  June  8,  1895 
A.  Aug.  4,  1900 
S.  June  10,  1905 
A.  Aug.    2,  1913 
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174  Slater,  Thomas  Edward,  Ystradgynlais,  Breoonshire     ... 

17.")  Snaith,  Joseph,  Fell  House,  Burnhope,  Durham 

176  Snowdon,    Thomas,    Jan..    Oakwood,    Cock  field,    County 

Durliam 

177  Southern,  Charles,    Radstock,   Math 

178  Southern,  John,  9,   Egremont  Drive,  Sheriff  Hill,  Gates- 

head-upon-Tyne 

179  Stewart,   Roland,  Thorn  Cottage,   Whickham,  Swalwell, 

Count}'  Durham 

180  Stobart,     Thomas     Carlton,      Ushaw     Moor     Colliery, 

Durham 

181  Stoker.  NICHOLAS,  South  Pelaw  Colliery,  Chester  le-Street 

182  STRONG,  Ceorge  Adamson,  Kibblesworth  Hall,  Gateshead- 

upon-Tyne  ...  ...  

183  Stroni;,  John  William,  7,  Earls  Drive,  Low  Fell,  Gates- 

head-upon-Tyne 

184  Summerslde,  Edward,  River  View,  Morpeth  

185  Swan,  William  Edward,  25,  Tower  Street  West,  Hendon, 

Sunderland 

186  Swann,  Joseph  Todd,  1,  Tyne  View,  Throckley,  Newburn, 

Northumberland 


Date  of  Election 
and  of  Transfer. 

S.  April  13,  1907 

A.  Aug.  2,  1913 

Oct.  12,  1907 

S.  June  12,  1897 
A.  Aug.  3,  1901 

S.  Juno  10,  1903 
A.  Aug.  7,  1909 

Dec.  14,  1889 

Aug.  6,  1910 

Aug.    2,  1902 
Feb.  13,  1904 

S.  Aug.     2,  1902 

A.  Aug.     1,  1908 

S.  Oct.      9,  1909 

A.  Aug.    7,  1915 

Dec.    11,  1909 

April  9,  190-4 
S.  Dec.  13,  1902 
A.  Aug.    4,  1906 


1^7  Thirlwell,  Thomas  A.,   Benwell  Old   House,   Newcastle- 
upon-Tyne 

188  Thomas,  Robert  Clark,  North  Biddick  Colliery,    Wash- 

ington Station,  County  Durham    ... 

189  Thompson,    William,    Stone     House,    Broughton     Moor, 

Maryport 

190  Thornton,     Frank,     South    Durham     Cottages,    Bishop 

Auckland 

191  Turnbull,  John  James,  Jun.,  Asansol,  E.I.R.,  Burdwan, 

Bengal,  India  ... 

192  Turnbull,  William,  West  Holywell,  Backworth  Colliery, 

Newcastle-upon-Tyne 

193  Turner,  George,  Black  House  Colliery,    Birtley,    County 

Durham 

194  Varvill,  Wilfred  Walter 


19")  Wainwrhmit,    William,    West    View,    Fieldhouse  Lane, 
Western  Hill,  Durliam 

196  Walker,  Arthur,  4,  Fatfield   Road,  Washington,  Wash- 

ington Station,  County  Durham   ... 

197  Walton,  Isaac,  3,   West  Street,  Tanfield  Lea,   Tantobie, 

County  Durham 

198  Watson,  Thomas,  Jun.,  Rosebank,  Darlington 

199  Watts,      Hubert,    Blytheswood    North,    Osborne    Road, 

Newcastle-upon-Tyne 

200  Weeks,     Francis     Mathsvin,     Craghead    and     Holmside 

Collieries,  Craghead,  County  Durham 

201  Welch,     William     Hall,     Wellington     Colliery     Offices, 

Willington,  County   Durliam 

202  Welsh,     Arthur,     Tunstall    Terrace,     Ryhope,    County 

Durham 

203  Widdas,    Frank,    Thrislington     Hall,    West     Cornforth, 

County  Durham 

204  Wild,  Robrrt  Powley,  Applegarth,  Queens   Road,    Chel- 

tenham... 


S. 

Dec. 

IS, 

1902 

A. 

Aug. 

7, 

1909 

S. 

Aug. 

3. 

1907 

A 

,  Aug. 

6, 

1910 

Dec. 

14, 

1907 

S. 

Feb. 

8, 

1902 

A. 

Aug. 

7, 

1909 

<j, 

Feb. 

8, 

190S 

A. 

Dec. 

9, 

1911 

Oct. 

8, 

1904 

June 

8, 

1895 

S.  Dec.     12,  1908 
A.   Aug.    2,  1913 


April 

2, 

1898 

April  10, 

1915 

Dec. 

14, 

1907 

s. 

June 

8, 

1907 

A. 

Aug. 

5, 

1911 

S. 

,  June 

8, 

1907 

A. 

Aug. 

1, 

1914 

S. 

Feb. 

10, 

1906 

A. 

Aug. 

o 

1913 

S. 

Feb. 

10, 

1906 

A. 

Aug. 

2, 

1913 

S. 

Aug. 

1, 

1896 

A. 

Aug. 

1, 

1903 

Dec. 

8, 

1900 

s. 

Dec. 

8, 

1906 

A. 

Aug. 

1, 

1908 
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and  of  Transfer. 

205  Wood,    George,    1.1,    Third    Row,    New    Buildings,    East 

Cramlington,  Cramlington,  Northumberland     ...         ...  April  13,  1907 

206  Wraith,  Charles  Osborn,   Leeuwpoort,    ria  Warmbaths,       S.  June  10,  1905 

Transvaal         A.  Aug.     5,  1911 

207  Yofng,  Charles,  Laburnum  House,   Rowlands  Gill,    New- 

castle-upon-Tyne          Dec.    10,  1910 


STUDENTS  (Stud.I.M.E.). 

Date  of  Election 

1  ANDERSON,    Robert     Wvlie,     Highfield,      Wallsend,      North- 

umberland        ...  Feb.  14,  1914 

2  Atkinson,  William   Henry,  Dans   Castle,  Tow   Law,  County 

Durham  Aug.     7,  1909 

3  Blackett,  Geoffrey  Elliot,  Acorn  Close,  Sacriston,  Durham  Aug.     1,  1914 

4  Bootiman,  Frank  Cecil,  Woodside,  Westoe,  couth  Shields      ...  Feb.    10,  1912 

5  Browell,  Jasper  Geoffrey,  Low  Trewhitt,  Rothburv,  North- 

umberland       * Oct.      8,  1910 

6  Brown,  John  Cecil,  9,  East  View,  South  Shields  Feb.     10,  1912 

7  Charlton,    George   Fenwick   Hedley      Feb.    10,  1912 

S  Corbett,  Vincent   William,    Seaham  Colliery,    New   Seaham, 

Seaham  Harbour,  County  Durham  ...  ...  ...  ...   Oct.     10,  1914 

9  Crawhall,    John     Stanhope,     Westcroft,    Stanhope,    County 

Durham  Feb.    14,  1914 

10  Dillon,  Norman  Margrave,    Dene  House,    Seaham  Harbour, 

County  Durham       Oct.     10,1914 

11  (iAi.LWF.v.  John  Payne,  Hylton  Colliery,  Sunderland     Oct.     11,  1913 

12  Cibson,  John  Fenwick,  Bentinck  House,  Ashington,  Northum- 

berland   Aug.     1,  1914 

13  Hall,  Lewis  Wigham,   Westh'eld,  Ashington,  Northumberland  April  12,  1913 

14  Hall,  Rowley,  Station  House,  South  Hylton,  Sunderland        ...  Dec.     14,  1912 

15  Hare,  Ralph  Victor,  Howlish  Hall,  Bishop  Auckland  ...         ...   Dec.    10,  1910 

16  Heatherington,     Arnold,     Kendal,     The    Avenue,     Birtley, 

County  Durham  Dec.      9,  1911 

17  Inman,    William    St.   John,    Torrington,    West    Cliffe    Read, 

Roker,  Sunderland Feb.    11,  1911 

18  Kent,  George  Herbert  Stanton June  14,  1913 

19  Kirkup,    Philip,    Jun.,    177,    High    Street,    Easington     Lane, 

Hetton-le-Hole,  County  Durham...         ...         ...         ...         ...  Dec.     9,  1911 

20  Latimer,    Charles    Harold,    The   Grange,    Birtley,    County 

Durham         June  13,1914 

21  Martin,  Tom  Pattinson,  Jun.,  Seaton  Park,  near  Workington  June  13,  1914 

22  Merivale,  Vernon,  Togston  Hall,  Acklington,  Northumberland    Oct.     8,   1910 

23  Mctch,   Edward  Roderick,  389,  Luton  Road,  Chatham  ...  April  10,  1915 

24  Parrington,  Matthew  Lilburn,  Hill  House,  Monkwearmouth, 

Sunderland Oct.      9,  190!» 
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Date  of  Election. 

25  Rankin,  Charles  Thompson,  Coanwood,  Roker,  Sunderland  ...  Aug.    5,  1911 

26  Saint,  THOMAS  Arthur  Aug.     3,  1912 

27  Scott,   Charlks  Weatheritt,   6,   Evelyn   Terrace,   Gateshead- 

upon-Tyne     Dec.      9,  1911 

28  Simpson,  Claude  Frank  Bell,  Hedgefield  House,  Blaydon-upon- 

Tyne,  County  Durham       Aug.    5,  1911 

29  Thompson,  John  Ballantyne,  166,  Westoe  Road,  South  Shields  Feb.    10,  1912 

30  Welch,    John    Walter,    1,    Milne    Terrace,    Durham    Road, 

Gateshead-upon-Tyne        June  13,  1914 

31  Wigham,  John  Shiells,    50,   Durham  Road,   Birtley,  County 

Durham         June  13,  1914 


SUBSCRIBERS. 

1  The  Ashington  Coal  Company,  Limited,  Milburn  House,  Newcastle-upon- 

Tyne. 

2  The  Birtley  Ikon  Company  (3),  Birtley,  County  Durham. 

3  The  British  Thomson-Houston  Company,  Limited,  Collingwood  Buildings, 

Newcastle-upon-Tyne. 

4  The   Broken   Hill  Proprietary   Company,   Limited,  3,  Great  Winchester 

Street,  London,  E.C. 

5  Brunner,  Mond  and  Company,  Limited,  Northwich. 

6  The  Most  Honourable  the  Marquess  of  Bute.  Bute  Estate  Offices,  Aberdare. 

7  The    Charlaw  and    Sacriston    Collieries    Company,   Limited,  34,   Grey 

Street,  Newcastle-upon-Tyne. 

8  M.  Coulson  and  Company,  Limited,  Merrington  Lane  Iron  Works,  Spennymoor. 

9  The  Cowpex  Coal  Company,  Limited  (2),  F,  King  Street, Newcastle-upon-Tyne. 

10  The  Honourable  Lord  Ninian  Edward  Crichton-Stuart,  House  of  Falkland, 

Falkland,  Fifeshire. 

11  Crompton  and  Company,  Limited,  Pearl  Buildings,  Northumberland  Street, 

Newcastle-upon-Tyne. 

12  Dominion  Coal  Company,  Limited,  Glace  Bay,  Nova  Scotia. 

13  The   Right   Honourable   the   Earl  of   Durham   (2),  Lambton  Offices,  Fence 

Houses. 

14  The   Right   Honourable  the   Earl  of   Ellesmere   (2),  Bridgewater  Offices, 

Walkden,    Manchester.        Transactions    sent    to    Capt.    Henry   Vaughan 
Hart- Davis,  Bridgewater  Offices,  Walkden,  Manchester. 

15  The  Elswick  Coal  Company,  Limited,  Newcastle-upon-Tyne. 

16  Gent  and  Company,  Limited,  Faraday  Works,  Leicester. 

17  D.  H.  and  G.  Haggie,  Wearmouth  Patent  Rope  Works,  Sunderland. 

18  The  Harton  Coal  Company,  Limited  (3),  Harton  Collieries,  South  Shields. 

19  James  Joicey  and  Company,  Limited  (2),  Newcastle-upon-Tyne. 

20  Kirkpatrick  and  Barr,  Maritime  Buildings,  King  Street,  Newcastle-upon- 

Tyne.      Transactions,  etc.,  sent  to  J.  A.  Donkin,   12,  Ashgrove  Terrace, 
Gateshead-upon-Tyne. 

21  The  Lambton  and  Hetton  Collieries,  Limited  (3),  Cathedral  Buildings,  Dean 

Street,  Newcastle-upon-Tyne. 

22  Joseph  Laycock  and  Company,  Seghill,  Dudley,  Northumberland. 

23  The  Most  Honourable  the  Marquess  of  Londonderry  (4),  c/o  Vincent  Charles 

Stuart  Wortley  Corbett,  Londonderry  Offices,  Seaham  Harbour,  County 
Durham. 

24  Mayor  and  Coulson,  Limited,  47,  Broad  Street,  Mile-End,  Glasgow. 

25  The  North  Brancepeth  Coal  Company,  Limited,  Crown  Street  Chambers, 

Darlington. 

26  The   North  Hetton  Coal  Company,  Limited  (3),    Hetton-le-Hole,   County 

Durham. 

27  Osbeck  and  Company,  Newcastle-upon-Tyne. 
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28  The  Priestman  Collieries,  Limited,  Victoria  Garesfield  Colliery,  Rowlands 

Grill,  Newcastle-upon-Tyne.    Transactions  sent  to  H.  Peile,  The    Priestman 
Collieries,  Limited,  Milburn  House,  Newcastle-upon-Tjme. 

29  The  Ryhope  Coal  Company,  Limited  (2),  Ryhope  Colliery.  Sunderland. 

30  Siemens  Brothers  and  Company,  Limited,  39,  Collingwood  Buildings,  New- 

castle-upon-Tyne. 

31  Wasteneys,  Smith  and  Sons,  57  to  60,  Sandhill,  Newcastle-upon-Tyne. 

32  The  South  Hetton  Coal  Company,  Limited  (2),  50,  John  Street,  Sunderland. 

33  The  Stella  Coal  Company,  Limited,  Hedgefield,  Blaydon-upon-Tyne,  County 

Durham. 

34  The   Throckley   Coal   Company-,  Limited,  Milburn  House,  Newcastle-upon- 

Tyne. 

35  The  YVearmouth  Coal  Company,  Limited  (2),  Sunderland. 

36  Westport  Coal  Company.  Limited  (2).  Dunedin,  Otago,  New  Zealand. 
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case  of  the  name  of  any  Firm,  Association  or  Institution,  the  full  name  of  such 
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"  Abs."  signifies  Abstracts  of  Foreign  Papers  at  the  end  of  the  Proceedings. 

"  App."  signifies  Annual  Report  of  the  Council,  etc.,  at  the  end  of  the  Volume. 


Accident  caused  in  iron-ore  mine  by 
carbon-monoxide  poisoning,  abs.  43. 

Accidents,  escape  of  carbon  dioxide  in 
coal-mines,  abs.  43. 

—  caused  in  mines  by  use  of 
electricity,  abs.  51. 

Accounts,  1913-1914,  8. 

— ,  1914-1915,  app.  iii.,  xiii. 

Aerial  railways,  electric,  German 
mining  districts,  abs.  50. 

Air  for  water,  substitution,  diamond 
drilling,  abs.  32. 

Airways,  depressions,  Hannover  I.  II. 
pit,  calculation,  abs.  44. 

Alberta  coalfields,  abs.  19. 

Ammonia  and  cyanhydrogen,  forma- 
tion, abs.  52. 

Analysis  and  sampling  of  coal,  abs. 
44. 

—  of  coal  with  phenol  as  solvent, 
abs.  9. 

Andrews,  Arthur,  winding-engine 
signals,  252,  253,  255. 

Andkos,  S.  O.  and  H.  H.  Stoek,  coal- 
mining in  State  of  Illinois,  U.S.A., 
98. 

Animals,  small,  relative  effects  of 
carbon  monoxide  on,  abs.  12. 

Anina,  coal-mining,  abs.  40. 

Annual  general  meeting,  1. 

—  report  of  council,  1913-1914,  2. 


Annual    report    of   council,    1914-1915, 
app.  iii.,  v. 

. finance  committee,  1913-1914,  6. 

,1914-1915,  app.  iii.,  xii. 

Apparatus   for   testing   correct   align- 
ment of  guide-rails,  abs.  34. 
Appliance     for     current-testing     and 

shot-firing  in  mines,  abs.  42. 
Argentina,  mining,  abs.  18. 
Ashworth,    James,    Killingworth   col- 
liery (New  South  Wales)  explosion, 
134.— Discussion,  146,  187,  332. 
— .portable     electrical     gas-detecting 
device  for  use   with   miners'   lamps, 
93. 
Associate   members,    election,    30,   92, 
332. 

,  list,  app.  iii.,  xlvi. 

Associates,    election,   13,   30,   92,   173, 

258. 
— ,  list,  app.  iii.,  xlix. 
Atkinson,    A.    A.,   Killingworth    col- 
lierif  (New  South   Wales)  explosion, 
147. 
Auguste-Vietoria       colliery,       under- 
ground mechanical  switch  arrange- 
ments, abs.  49 
Australia,  mineral  wealth  and  mining, 

abs.  58. 
Automatic  couplings,  railway  vehicles, 
abs.  46. 


B. 


Baijot,   A.,   underground   haulage   by 

locomotives,  abs.  36. 
Bansen,   Hans,   apparatus  for  testing 

correct     alignment     of    guide-rails, 

abs.  34. 


Hansen,  Hans,  winding  arrangements 
of  Emanuelssegen  and  Boerschaehte 
collieries,  abs.  36. 

Barnes,  J.  8.,  lateral  friction  of 
wi ruling-ropes,  219. 
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Barometer,  thermometer,  etc.,  read- 
ings, 1914,  abs.  66. 

Bartels,  — ,  Russia's  gold,  plantinum, 
lead,  silver  and  zinc  industry  for 
1912,  abs.  15. 

Bedson,  P.  P.,  portable  electrical  gas- 
detecting  device  for  use  with  miners' 
lamps,  38. 

Beielstf.in,  A.,  separation  and 
briquetting  of  iron-ore  in  Scandi- 
navia, abs.  53. 

Berr.  R.,  Spitsbergen  coalfields,  abs. 
20. 

Beyschlag,  F.,  Prussian  national 
geological  institution,  abs.  55. 

Biermann,  R.,  firing  of  coke-ovens 
with  gas  from  other  sources,  abs.  54. 

Blasting  in  coal-mines,  explosives,  abs. 
42. 

Blatt,  E.,  types  of  high -pressure  cir- 
culating pumps  in  modern  mining 
work,   abs.   47. 

Bochet,  L.,  automatic  couplings  for 
railway  vehicles,  abs.  46. 

Bock,  F.,  what  joint-stock  company 
enterprise  can  effect  in  mining,  abs.  58. 

Bberschachte  colliery,  winding 

arrangements,  abs.  36. 

Bohemia,  north-western,  brown-coal 
fields,  abs.  19. 

Boiler,  hand-fired  return-tubular, 
experiments  with  furnaces  for,  abs.  14. 

— •,  internally-fired,  explosion,  abs.  49. 

Boiler-firing,  nameless  surface-com- 
bustion, abs.  48. 

Boilers,  explosions,  hot-water  installa- 
tions, abs.  49. 

— ,  power-plant,  hand-firing  soft  coal, 
abs.  48. 

Boring  through  clay-rock  at  deep 
levels,  difficulties,  abs.  30. 

Bobne,  G.  von  r>ER,  connexion 
between  mine-gas  explosions  and 
earthquakes,  abs.  42. 


Braiiwell,  Hugh,  lateral  friction  of 
winding-ropes,  224. 

— ,  winding-drums  of  practice  and 
of  theory;  with  notes  on  factors  of 
safety  and  economy  of  winding- 
rapes,  414. 

Briquetting  iron-ore,  Scandinavia, 
abs.  53. 

—  of   ore    and    furnace   dust,   abs.    52. 

British  Columbia,  eastern,  coalfields, 
abs.  19. 

Brown,  A.  W.,  prevention  of  over- 
winding and  overspeeding  in 
shafts,  274. 

Brown,  E.  O.  Forster,  coal-mining  in 
Mexico,  291.— Discussion,  329,  353. 

Brown-coal  fields,  north-western 
Bohemia,  abs.  19. 

Brtjns,  H.,  sinking  Ickern  II.  shaft 
by  aid  of  electric  winding,  abs.  29. 

Brunton,  David  W.  and  John  A. 
Davis,  safety  and  efficiency  in  mine 
tunnelling,  abs.  9. 

Brunton  pattern,  universal  pocket 
instrument,  abs.  38. 

Btjhle,  M.,  rapid  discharging  from 
end-tipping  and  side-tipping  trucks, 
abs.  35. 

Burma,  mining  in.  426. 

— .  upper,  some  newly  discovered 
coal-seams,  abs.  1. 

Burrell,  G.  A.  and  H.  H.  Clark, 
portable  electrical  gas-detecting 
device  for  use  with  miners'  lamps, 
95. 

Burrell,  George  A.,  Frank  M. 
Seibeht  and  I.  W.  Robertson,  rela- 
tive effects  of  carbon  monoxide  on 
small  animals,  abs.   12. 

Bye-product  coking-plant,  Westpha- 
lian,  which  also  supplies  town-gas, 
17. 

Bye-products  from  generator  gases, 
abs.  53. 


c. 


Cable-crane  in  day  workings  of  mines, 

abs.  35. 
Cages,  deep  shafts,   safety-apparatus, 

abs.  35. 
Calculation  of  depressions  in  airways, 

Hannover  I. /EL   pit.   abs.  44. 
Calder,     William,     Maikop     oilfield, 

South  Russia,  107. — Discussion,  124. 
Californian    oilfields,    water-intrusion, 

methods  of  prevention,  abs.  30. 
Cannon.  W.  B.,  O.eorge  W.  Crile,  J. 

E.  Y.  Henderson  and  S.  T.  Meltzer, 

resuscitation  from  mine-gases,   abs. 

11. 
Carbon    dioxide    in    coal-mines,    acci- 
dents caused  by  escape,  abs.  43. 
—  monoxide,  relative  effects  on  small 

animals,  abs.  12. 


Carbon  monoxide  poisoning,  accident 
caused,   iron-ore  mine,  abs.  43. 

Carnegie,  A.  Q.,  utilization  of 
exhaust-steam  for  collieries,  iron- 
works, etc.,  and  cost  of  electric  cur- 
rent generated,  19. 

Cement-grout,  injection,  into  water- 
bearing fissures,  abs.  28. 

Chater,  C.  W.,  mining  in  Burma,  426. 

Chile,  saltpetre  industry,  abs.  26. 

Cinnabar,   Pereta,  Tuscany,   abs.  22. 

Clark,  H.  H.,  coal-mining  in  State  of 
Pennsylvania,   U.S.A.,  197. 

Clark,  H.  H.  and  G.  A.  Btjrrell, 
portable  electrical  gas-detecting 
device  for  tise  with  miners'  lamps, 
95. 

Clay-rock,  difficulties  in  boring,  abs.  30. 
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Coal,    analysis    of,    phenol    as    solvent, 
aba.  '.». 

-.  di-t  ill.it inn.  fiiriii.it  ion  of  ammonia 
and  cyanhydrogen,  abs.  52. 
,  Germany  a      winning      and      con- 
sumption of  .uul  foreign  trade,  1913, 

abs.  55, 

.sampling  and  analysis,  abs.    it 

,-ott.       band-firing,       power-plant 

boilers,  aba.   \8 
—  and     ore.     instruments     used     for 

handling,  abs.  37. 
Coal-dust,  experiments,  abs.  39. 
Coalfields,  Kladno,  working,  abs.  18. 

.  M  initoba,    Saskatchewan,    Alberta 

and   Eastern    British  Columbia,   abs. 

19. 
— .Spitsbergen,  abs.  20. 
Coal-mines,  accidents  caused  by  escape 

of  carbon  dioxide,  abs.    13. 
.explosives  used  for  blasting,  abs. 

42. 
Coal-mining    at    Anina    and    Resicza, 

with  special   reference  to  outbursts 

of  gas  at  Doman  pit,  abs.  40. 
in  Mexico,  291. — Discussion,  329, 

353. 
State  of  Illinois,  U.S.A.,  42.— 

Discussion,  96. 
Pennsylvania,        U.S.A., 

153.-  Discussion,  196,  335. 
Coal-resources,  Queensland,  abs.  2. 
Coals,  coking,  mixing  plants,  abs.  54 
— ,  cretaceous  formation,  abs.   22. 
— ,  fine-grained,  preparation,  abs.  27. 
—.fossil,  abs.   21. 

Coal-seams,  newly  discovered,  abs.   1. 
Coke-ovens,  firing,  abs.  54. 
,  Koppers,   heat   technics,   abs.  55. 


Coke-ovens,    temperature    conditions, 

.ills.  54. 

Coking  coals,  mixing  plants,  abs.  54. 

Combustion,   tlameless,   abs.   14. 

Compressed  air,  mining  drills  and 
ventilating  fans   driven,  abs.   33. 

pipes,  standard  dimensions,  abs. 

39. 

Concrete  slabs,  Z-sectioned,  tubbing, 
abs.  33. 

Cook,  George  C,  Samuel  B.  Flagg 
and  Forrest  E.  Woodman,  experi- 
ments with  furnaces  for  hand-fired 
return-tubular  boiler,   abs.   14. 

Cost   of  electric  current  generated,  19. 

Cotter,  G.  de  P.,  some  newly  dis- 
covered coal-seams  near  Yaw  River, 
Pakokku  District,  Upper  Burma, 
abs.    1. 

Council,  annual  report,  1913-1914,  2. 

— , ,1914-1915,  app.   iii.,  v. 

—  of  The  Institution  of  Mining 
Engineers,  representatives  on,  1914- 
1915,  7. 

, ,1915-1916,  list, 

app.    iii.,   xviii. 

Couplings,  automatic,  railway 

vehicles,  abs.  46. 

Cretaceous  formation,  coals  of,  abs.  22. 

Crile,  George  W.,  W.  B.  Cannon,  J. 
E.  Y.  Henderson  and  S.  T. 
Meltzer,  resuscitation  from  mine- 
gases,  abs.    11. 

Current-testing,    appliance,   abs.   42. 

Cyanhydrogen  and  ammonia,  forma- 
tion, abs.  52. 

Czaplinski,  J.,  working  of  safety- 
apparatus  for  cages  in  deep  shafts, 
abs.  35. 


Davis,     John      A.      and     David     W. 

Brunton,    safety    and    efficiency    in 

mine  tunnelling,  abs.  9. 
Davis,    Wilfrid    BE.,    winding-engine 

signals,   242— Discussion,    251. 
Dean,  Samuel,  coal-mining  in  State  of 

Illinois,      U.S.A.,      42. — Discussion, 

96. 
— , — Pennsylvania,    U.S.A., 

153.  -Discussion,   196,  335. 
Deep     levels,     difficulties     in     boring 

through  clay-rock,  abs.  30. 
Deki.inf.       .  explosions   of  boilers   of 

hot-water  installations,  ;ibs.  49. 
Depressions     in     airways.     Hannover 

I.  /II.  pit,  calculal  ion,  abs.  1 1. 
Destructive   force,    modern   explosives, 

abs.   41. 
Diamond   drilling,   substitution   of  air 

for  water,  abs.  32. 
Difficulties    in    boring    through    clay- 
rock  at  deep  levels,  abs.  30. 


Dimensions,  standard,  compressed-air 
and    spraying    pipes,    abs.   39. 

Discharging,  rapid,  end-tipping  and 
side-tipping  trucks,  abs.  35. 

Distillation  of  coal,  formation  of 
ammonia  and  cyanhydrogen,  abs. 
52. 

Dobbelstein,  O.,  comparative  trials 
with  different  methods  of  impreg- 
nation of  mine  timber,  abs.  39. 

— .flameless     surface-combustion     for 
boiler-firing,  abs.  48. 
,  standard      dimensions     for     com- 
pressed-air and  spraying  pipes,  abs. 
39. 

— ,  underground  mechanical  switch 
arrangements  at  Auguste-Victoria 
colliery  and  at  Saturn  pit,  abs.  49. 

Dobbelstein,  P.,  new  appliance  for 
current-testing  and  shot-firing  in 
mine-,    abs.    12. 

Doman  pit,  outbreaks  of  gas,  abs.  40. 
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Domnich,  William,  coal-mining  in 
State  of  Pennsylvania,  U.S.A.,  201. 

Donaldson,  Francis,  injection  of 
oement-grout  into  water-bearing 
fissures,  abs.  28. 

Donath,  E.  and  A.  Rzehak,  contri- 
bution to  knowledge  of  some  coals 
of  cretaceous  formation,  abs.  22. 

Dowling,  D.  B.,  coalfields  of  Mani- 
toba, Saskatchewan,  Alberta  and 
Eastern  British  Columbia,  abs.  19. 


Drilling,  diamond,  substitution  of  air 
for  water,  abs.  32. 

Drills  for  rock-boring  machines,  abs. 
33. 

Dry-gas  purifying  plant,  Halberg 
works,  abs.  53. 

Duisburg,  metallurgical  school,  abs.  55. 

Dunstan,  B.,  coal-resources  of  Queens- 
land, abs.  2. 

Dvorkovitz,  Paul,  Maikop  oilfield, 
South  Russia,  131. 


E. 


Earthquakes  and  mine-gas  explosions, 
connexion,  abs.  42. 

Eastern  British  Columbia  coalfields, 
abs.  19. 

Eckardt,  A.,  influence  of  under- 
ground workings  on  surface,  abs.  17. 

Economical  development,  saltpetre 
industry,  Chile,  abs.  26. 

Economy  of  winding-ropes,  355. — 
Discussion,  395. 

Efficiency  and  safety  in  mine  tunnel- 
ling, abs.  9. 

Election  of  members,  13,  30,  92,  173, 
258,  332. 

officers,  1914-1915,  1. 

representatives  on  council  of  The 

Institution  of  Mining  Engineers, 
1914-1915,  7. 

Electric  acoustic  signalling  arrange- 
ments in  mines,  abs.  50. 

—  aerial  railways,  German  mining 
districts,  abs.  50. 

—  winding,  sinking  Ickern  II. 
shaft,  abs.  29. 

Electrical  gas-detecting  device  for  use 
with  miners'  lamps,  portable,  31. — 
Discussion,  37,  93,  173. 

Electricity,  accidents  caused  in  mines, 
abs.  51. 


Emanuelssegen  colliery,  winding 
arrangements,  abs.  36. 

End-tipping  trucks,  rapid  discharging, 
abs.  35. 

Erbreich,  F.,  aims,  courses  of  study 
and  arrangement  of  royal  metal- 
lurgical school  at  Duisburg,  abs.  55. 

Er.misch,  K.,  occurrence  of  cinnabar 
at  Pereta,  Tuscany,  abs.  22. 

Escape  of  carbon  dioxide  in  coal- 
mines, accidents  caused,  abs.  43. 

Evans,  J.  H.  and  Glen  George,  sup- 
porting shaft  sides  through  fault, 
abs.  27. 

Ewald  colliery,  mechanical  putting, 
abs.  37. 

Exhaust-steam  for  collieries,  iron- 
works, etc.,  utilization  of,  19. 

Explosion,  internally-fired  boiler,  abs.  49. 

— ,  Killingworth  colliery,  134. — Dis- 
cussion, 146,  187,  332. 

Explosions,  boilers,  hot-water  installa- 
tions, abs.  49. 

— ,  mine-gas,  and  earthquakes,  con- 
nexion, abs.  42. 

Explosives,  blasting  in  coal-mines, 
abs.  42. 

— ,  modern,  destructive  force  and 
speed  of  explosion,  abs.  41. 


F. 


Factors  of  safety  and  economy  of 
winding-ropes,  355. — Discussion,  395. 

Fault,  supporting  shaft  sides  through, 
abs.  27. 

Ftjbldneb,  Arno  C,  notes  on  sampling 
and  analysis  of  coal,  abs.  44. 

Finance  committee,  annual  report, 
1913-1914,  6. 

, ,1914-1915,  app.  iii.,  xii. 

Fine-grained  coals,  preparation,  abs. 
27. 

Firing  coke-ovens,  abs.  54. 

Firket,  V.,  explosion  of  internally- 
fired  boiler,  abs.  49. 

Firm  strata,  sinking  through,  petri- 
fication method,  abs.  28. 

Flagg,  Samuel  B.,  George  C.  Cook 
and  Forrest  E.  Woodman,  experi- 
ments with  furnaces  for  hand-fired 
return-tubular  boiler,  abs.  14. 


Flameless  combustion,  abs.  14. 

—  surface-combustion,  boiler-firing, 
abs.  48. 

Flashes  caused  by  shots,  abs.  40. 

Ford,  L.  D.,  new  process  for  washing 
of  coal  at  St.  Nicholas  pit  of  Societe 
des  Charbonnages  de  l'Esperance  et 
Bonne  Fortune,  near  Liege, 
Belgium. — Discussion,  13. 

— ,  Westphalian  bye-product  coking- 
plant,  which  also  supplies  town-gas. 
— Discussion,  17. 
-.working  of  St.  Nicholas  pit  of 
Societe  des  Charbonnages  de 
l'Esperance  et  Bonne  Fortune,  near 
Liege,  Belgium,  with  special  refer- 
ence to  hydraulic  packing  of  goaf. 
— Discussion,  16. 

Ford,  Mark,  hydraulic  stowing  in 
gold-mines  of  Witwatersrand,  259. 


I\M   \. 


I-'<>i  ■nation,  ammonia  and  cyanhy- 
drogen,  distillation  of  coal,  abs.  •">'_'. 

Fossil  coals,  aba.  21. 

Foster,  Bttftts  J.,  coal-mining  in 
State  of  Pennsylvania,  U.S.A.,  197. 

Fottinger  transformer,  abs.  47. 

Fbancks,  -■-,  flamelesa  combustion, 
abs.   14. 

Friction,    lateral,    winding-ropes,    213. 
Discussion,  219,  260,  342. 


Frieiik.man.n,  \\\,  experiences  with 
hydraulic  [lacking,  abs.  36. 

Fkikskh,  A  .  brown-coa]  fields  of  north- 
western  Bohemia,  abs.  19 

Furnacc-du>t  and  ore,  briquetting, 
abs.  52. 

Furnaces,     regenerative,     waste-heat, 
abs.  47. 
for  hand-fired  return-tubular  boiler, 

abs.    14. 


G. 


Galloway,  William,  portable 

electrical    gas-detecting    device   for 

use  with  miners'  lumps,  94. 
Gas,    mine,   rare  gas  components,   abs. 

44. 

.  'Hit  burst.-,   Doman  pit,  abs.  40. 
Gas-detecting    device    for    use    with 

miners'    lamps,    portable    electrical, 

31.— Discussion,  37,  93,  173. 
Gas-filter  dust,  briquetting  of  ore  and 

furnace-dust,   abs.  52. 
Gas-producers,  tests,  abs.  53. 
General  meetings,  1.  30,  92,   173,  258, 

332. 
Generator  gases,  bye-products,  abs.  53. 
George,  Glen  and  J.    If.    Evans,  sup- 
porting   shaft    -ides    through    fault, 

abs.  27. 
Gerke,     A.,     drills     for     rock-boring 

machines,  abs.  33. 
Gorman    colonies,    mining,    1912-1913, 

abs.   57. 
—  mining     districts,     electric     aerial 

railways,  abs.  50. 
Germany's  winning  and   consumption 

of  and  foreign   trade   in  coal,   1913, 

abs.  55. 
Gibson,  James,    hydraulic  stowing   in 

gold-mines    of    Witwatersrand,    103, 

181. 
Gillieatjx,      M.,     tubbing      with      Z- 

sectioned  concrete  slabs,  abs.  33. 


Gold,  Lower  Silesian  occurrences, 
abs.  23. 

— ,  Russia's  industry  for  1912,  abs. 
15. 

Goldfields,  Nova  Scotia,  abs.,  3. 

Gold-mines  of  Witwatersrand,  hydrau- 
lic, stowing,  74.— Discussion,  85,  100, 
176,  259. 

Grahn,  H.,  experiences  with 
mechanical  putting  at  Ewald  col- 
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